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INTRODUCTION 

Probiotic is a type of good bacteria that help mankind in many 

ways, including fighting off bad bacteria when we have too much 

of it, helping us feel better. 

The concept of probiotics is derived from human health science, 

where lactic acid bacteria and bifidobacterium species help in 

maintaining the intestinal gut system in a healthyconclition (FAO/ 

WHO, 2001, Hamilton-Moller et al., 2003).The food/dairy products 

such as yogurt, cheese, pickles, sauerkraut, tsukemono, kimchi 

and fermented products utilize lactic acid bacteria and they help 

in improving the body's natural immune system and digestion 

and also increase lactose intolerance. 

WHAT IS PROBIOTIC? 

The term probiotic is obtained from Greek language meaning " for 

life". The term was first described in 1965 as "substances secreted 

by one organism that stimulate the growth of another organism 

(Lilly and Stillwell, 1965). Today the term probiotics are defined 

as "live microorganisms" which confer health benefits on the host 

when administered in adequate quantity (Martin and Langella, 

2019). 
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Probiotic foods (Courtesy: Creative Commons Images) 

THE BENEFITS OF PROBIOTICS 

► Probiotics help in preventing or treating diarrhoea due to 
infections or antibiotics. 

► Probiotics he]p to improve irritable bowel syndrome. 

► Probiotics can boost the in1mune systen1. 

► Probiotics can reduce inflammation and allergies. 
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Health Benefits of Probiotics (Courtesy: Creative Commons 
Images) 

Plant Probiotics are nothing but plant associated microorganisms 
that cause beneficial effects to the plant (Flores - Felix et al., 2015; 
Spence et al., 2015). 

During the last two decades the interest in probiotic products 
has been increasing due to the Consumer's health awareness 
(Menrad, 2003). 
The microorganisms used are lactic acid bacteria and bifidobacteria 
and even certain yeasts are used as probiotics. 

Four Popular Types of Probiotics 

► Lactobacillus acidophilis. Lactobacillus is an anaerobic bacterium 
that produces lactic acid out of lactose and other sugars 

► L. casei 

► Bifidobacterium bifidus 

► Saccharomyces boulardii 
Probiotic consists of live micro organisms that provide health 
benefit to the host when administered in adequate quantity (FAO/ 
WHO, 2001). 
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Current industri al probiotic food are mainly dairy products that 
could cause incon ven ience due to the lactose and cho]estero] 
--cmtent in it (Yoon <.'I ol., 2006).Howeve r, deve lopment of fruit 
~ut'c_:, based functiona l beverages containing probiotics is of 
1 t · · f'1 ' h · inh:' rc8t now-a-days due to then- tas te pro I e s t, a t are appea l mg 
t-o ,a ll ~'Sc groups. They also act as healthy and refreshing foods 
(Sheehan et- al ., 2007; Tuorila & Ga.rdello, 2002). Plant probiotics 
ctrt'! microorganis1ns that provide health benefits to plants when 
used in specific amoun ts (Islam & Hossain, 2012). 

On the other hand, vegetable juices are also considered as idea] 
media for cultivating probiotic microorganisms (Luckow & 
Delahunty, 2004) . Consuming tomatoes regularly reduces the 
risk of certain types of cancer (Weisburger John, 1998) and heart 
diseases (Pandey et al. , 1995). 

Foods are taken not just to fulfill the hunger and provide nutrition 
to the body, but it also prevents or reduces the development of 
nutrition related diseases thereby improving the physical and 
mental well-being of humans (Shori, 2015). Functional foods 
play an important role in not only providing the basic nutrients 
required for the growth, but also in providing health benefits to 
mankind (Cencic & Chingwaru, 2010). The term functional food 
was first used in Japan (Siro et al., 2008). 
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The ~~st probiotic d iscovery was made in 1905 by Bulgarian 
phys1c1an and microbi'o] · t St G . . . . . . og1s amen · n gorov w h1ch was a strain 
of bac1 Jlus m Bulgarian yogi ·t k . . . 1u1 , nown as Lnctobacrllus bulgancus. 
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Soil is a dynamic living natural body which is important for the 
functioning of terrestrial ecosystems. It is a balance between 
different factors viz., physical, chemical and biological. It is a 
non-renewable resource and its condition plays a major role in 
food production, environmental efficiency and global balance. 
The extensive use of chemical fertilizer create a negative impact 
in the soil thereby leading to pollution in the environment, 
which paved way for the agronomists and environmentalists to 
consider a biological approach for improving plant health and 
crop production. 
According to Food and Agriculture organization (FAO) estimation 
(Plazzotta et al. , 2017 & NAAS, 2019) around 40% of the food 
produced in India is wasted. The estimated fruit and vegetable 
losses by the Ministry of Food Processing Industries (MFPI), India 
amounts to 12 and 21 million tons worth about 4.4 billion USO 
with a total food value loss and waste produced to be 10.6 billion 
USD (NAAS, 2019). 
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Fruit and vegetable waste (FVW) refers to the waste at different 
stages namely Collection, handling, Shipping and Processing 
that are thrown away (Chang et al., 2006). This FVW could be 
produced at different steps from farm to consumer that involves 
both pre and post --consum.er stages of food supply chain (Panda 
et al., 2016). These FVW contain greater amount of phytochemica] 
constituent and studies are being carried out to know their dietary 
fibres, phenolic compounds and extraction of various bioactive 
con1pounds (Galanakis, 2012). Various studies have proved that 
in peels and seeds of vegetables and fruits that are commonly 
used contain abundance of essential nutrients and phytochemical 
(Rudra et al., 2015). As compared to the fruit pulp, the · skin of 
avocados, grapes, lemons, seeds of jackfruits and mangoes contain 
50% higher phenolic concentrations (Gorinstein et al., 2001; Soong 
and Barlow, 2004) 
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Use of Fruit and vegetable peels (Courtesy: Creative Commons 
Images) 

The current review summarizes the advances in the exploitation 
of waste fruits and vegetables peel as a valuable commodity of 
the future. 

In the past two centuries, in the medical field, fruits have been 
used as a remedy for dry cough, severe thirst and sore throat. 
Recently, the demand for novel functional foods has increased and 
probiotis are commonly used worldwide as the main functional 
f?od products (Abdel-Hamid et al., 2019). Studies in pomegranate, 
citrus, mango and barbery fig (Opuntia ficus-indica) peel have 
revealed the presence of antioxidants, fiber and Oligosaccharides 
(as prebiotics) (Cerezal and Duarte, 2005; Crizel et al., 2013; Chan 
et al., 2018; Coelho et al., 2019). Some of the dietetic fibers obtained 
from fruits have been shown to have considerable effect on the 
viability of certain bacteria and these are recommended as an 
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ingredient in probiotic dairy foods (Santo et al., 2012). Probiotics 

and dietary fiber have been proved to minimize the incidence of 

colon cancer and relieve constipation (Drago, 2019). 

Yogurt is a probiotic dairy product and the probiotic yogurt 

prepared using pineapple peel powder improved the anticancer, 

antioxidant and antibacterial activities against Escherichia coli, but 

no effect was found against Staphylococcus aureus (Sah et al., 2015). 

The addition of the peel powder of banana, apple and passion 

fruit in probiotic yogurt increased the growth of Lactobacillus casei, 

Biftdobacterium animalis subsp lactis, Lactobacillus acidophilus and 

Lactobacillus paracasei (Plazzotta et al., 2017). 

Nano-particles biosynthesised using FVW have emerged as a 

sustainable, eco-friendly and reliable technology with a minimum 

risk to human health and environment when compared with 

chemicals and toxic solvents involved in conventional method 

(Anastas and Warner, 2000). 
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Green Synthesis of metallic nanoparticles using 

microorganisms (Courtesy: Creative Commons ln~ages) 
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Edible films and Coatings as food quality preservers (Courtesy: 
Creative Commons Images) 

Biochar is a stable carbon-rich solid powder. This can be prepared 
by thermo chemical decomposition of organic feedstock material 
at high temperature under oxygen-free condition (Bruno et 
al., 2009). For producing biochar and studying their yield and 
physiochemical properties, different types of food have been 
utilized (Oh et al., 2017; Carmona-Cabello et al., 2018). 

Fruit and vegetable peel d · d . ertve Btochar (Courtesy: Creative 
Commons Images) 
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COMPOSTING 

Probioti~s is the method of in.troduc~ng beneficial bacteria during 

composting process, thereby 1ncreasmg the nutrient supply in the 

soil for plant growth. 

Plant requires macro and micro nutrients for their growth at 

various stages and at varied concentrations. Nitrogen, phosphate 

and potassium are required for foliage growth, root development 

and flowering. Nowadays, the greater challenge for the organic 

farmers is to supply the plant with right quantities of these 

nutrients when they are needed. The use of composting technique 

helps the farmers to supply the plant naturally with the essential 

nutrition for the growth as well as for maintaining the soil 

structure. The plant growth this way has proved to be healthier 

and disease-resistant. According to Matsui (2009), composting is 

a way of recycling the organic waste into a valuable resource for 

agriculture. 

For composting organic waste, three types of bacteria have been 

identified. The process involves the selection of one group of 

bacteria over another ACC to the type of organic waste that needs 

to be composted. The organic waste should be sorted carefully for 

proper selection ·of bacteria that can be work effectively and turn 

the waste into compost. 
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Schematic diagram of Compost mineralization after 

application to soil (Courtesy: Creative Commons Images) 



■ 
• • a • 

THE COMPOST 
FOOD WEB 

~ fil' t(JY fl ow,; 111 lt1 P d11 Pr. l1 o n 

o f tile arrows 

maCD g -.. , 
~ ' 

t}~: First level 
l~\~§t COftlUIMfl 

m1 Thirdlevlll 
~~- coneumen 

The Science of Composting (Courtesy: Creative Commons 
Images) 

The addition of bacteria can be done in different ways; 

1. In the case of rotten leaves where they carry Bacillus sp. 

bacteria can be introduced "naturally". 

2. In a powder/solution form, inoculation can be measured of 

applied scientifically as pure culture/mixed culture containing 
all three bacteria groups. 

Bacillus sp. such as B. subtilis., B. Subtilus var. natto and B. 

thuringiensis posses the ability to decompose any type of organic 

waste rapidly. These bacteria are aerobic and so strict aerobic 

conditions (requirement of 0
2

) to be maintained throughout the 
process of composting. 

Certain bacteria work in facultative anaerobic condition (eg. 

Lactobacillus spp., Lactococcus spp., Enterococcus spp., Pediococc~s 
spp. ~~d Leuconostoc spp.) These bacteria prefer more anaerobtc 
condition to decompose organic waste rich in carbohydrate 

cont~nt _and sometimes work together with fermenting yea5t 

species hke Saccharomyces spp. and Schizosaccharomyces spp. 

The ~ain key for successful probiotics agriculture is ~he 
se1ection of correct species of bacteria as the catalytic function 



for composting organic waste. Probiotic composting involves 
selection of catalytic bacterium or a mixture of them for fostering 
the presence of friendly bacteria in the compost which is the 
end product. Application of the probiotic compost into the soil 
helps in increasing the microbial count in the soil; thereby act as 
a microbial pesticide against bad microbes for the growing plants 
and crops. 

Gram-positive bacteria belonging to the genus Lactobacillus and 
Bifidobacterium are the ones that are commonly used as probiotics. 
Apart from these Lactococcus spp., Streptococcus thermophiles 
and yeast Saccharomyces boulardii are also used in the probiotic 
industry (Gareari et al., 2010). 

Nowadays, the diverse symbiotic (Rhizobium, Mesorhizobium, 
Bradyrhizobium) associative (Azospirillum) and non-symbiotic 
(Pseudomonas, Bacillus, Klebsiella) rhizobacteria are being used 
as plant probiotics world wide to improve plant growth and 
development under different stress condition (Ahemad and 
Khan, 2011 ). 

The inoculation of microorganisms as probiotics to plants not only 
supplements the required nutrients but also increase the growth 
and tolerance of the plant to various stresses. 

PLANT GROWfH PROMOTING RHIZOBACTERIA 

The Rhizosphere contains a number of growth promoting 
beneficial microorganisms. Plant growth promoting Rhizobacteria 
(PGPR) are nothing but the bacteria that colonizes plant roots 
or any other parts of the plant and help the plant to enhance its 
growth and protect itself from diseases and other abiotic stresses. 
The term PGPR was first coined by Kloeppner et al., (1980). The 
three main characteristics of PGPR are 
1. Should be able to colonize the root or any other part of the 

plant. 

2. When used as probiotic, it should survive multiply and 
complete with the natural microflora for the expression of 
growth promoting activities. 

3. Must promote plant growth. 
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Role of PGPR (Courtesy: Creative Commons Images) 

Now-a-days, agricultural production is mainly dependent on 
use of chemical fertilizer at a large scale. The excess use of these 
chemical fertilizers possesses harmful environmental effects 
(Adesmoye et al., 2009). The use of efficient PGPR inoculants is a 
strategic to improve the growth of plant and reduce environmental 
problems (Hungria et al., 2013). 

PGPR AS PROBIOTICS 

Plant growth promoting rhizobacteria has the ability to provide 
various essential nutrients, thereby increasing the growth and 
productivity of the plants. Since they live in close association 
with plants, they could be used as probiotics for plants. This is 
the better ·way to grow plants by reducing the pollution due to 
chemical fertilizer and pesticides. 

TYPES OF PROBIOTIC PGPR 

The PGPR apart from increasing the plant growth, also help 
in improving the soil texture as well as fertility. They may be 
classified based in their association with plants into 

► Endophytic 

► Symbiotic 

► Associative 

► Free-living 

Impact of Bacterial Probiotics on Plant Nutrient Content 

Vitamins are very much essential for numerous physiological 
activities in life (Combs & Mcclung, 2016). Vitamin deficiency in 
humans could produce several diseases (Simkin et al., 2016; Sechi 



et al., 2016). In order to decrease the world wide malnutrition, 

WHO has presented a proposal to improve the vitamin content in 

food (Garcia -Casal et al., 2016). Certain vitam.ins have antioxidant 

effect (Dave & Shah, 1997). Plant antioxidants are one of the most 

active food compounds (Kris-Etherton et al., 2002) and these are 

present in vegetables such as tomato, carrot, cabbage and ~ruits 

like cocoa, prunes, red grapes and citrus fruits (Grajek et al., 2005). 

Based on the mode of action, these substances can be classified 
into 2 groups namely; 

► Chemical substance that interrupt free radical chain 
propagation. 

► Oxygen scavengers chelators that bind to ions involved in 
formation of the radicals (Grajek et al., 2005). 

Now-a-days, non-dairy probiotic foods are in consumer demands 

(Granato et al., 2010) and these include food matrices from fruit, 

vegetables and cereals (Martins et al., 2013). 

In the modern system of agriculture, due to the increasing 

demand for food requirement, there is extensive use of chemical 

fertilizers that causes environment and human health problems 

(Garcia - Fraile et al., 2015). Consumers are also aware not only 

about food safety and quality, but also about the food production 

system (Trienekens & Zurbier, 2008). 

Commercially available non-dairy based probiotic prod­
ucts (Courtesy: Creative Commons Images) 
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CONCLUSION 

In the present scenario, the development of sustainable solution 
for managing fruit and vegetable waste as become more important. 
Therefore a solution has to be developed to utilize these waste 
materials for attaining a social, environmental and economic 

benefit from these wastes. 
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N _ -da s plant probiotics are considered to be a safe means of 
ow a y . ·1 f ·1·ty 

agriculture due to their capadty to mcr~ase sot erti 1 , pr?m~te 
plant health and a lso safe for _the environrne~t. PGPR with 1.ts 
potential as probiotics cou!d 1111prove the yie1~ because they 
control the pest-sand plant disease that are the main cause for one 

third of the plant losses. 
This is the technology that is readily accessible to farmers in both 
developed and developing countries. 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Abdel-Hamid, M.,Romeih, E., Huang, Z.,Enomoto, T., Huang, L. Li, 
L. Bioactive properties of probiotic set-yogurt supplemented with 
Siraitiagrosvenorii fruit extract. Food Chem. 2019. [CrossRef] 

Adesemoye AO. Torbert HA. Kloepper JW (2009) Plant growth­
promoting rhizobacteria allow reduced application rates of chemical 
fertilizers.Microb Ecol 58:921-929 

Ahemad M. Khan MS (2011) Response of greengram (Vignaradiata 
L.) grown in herbicide amended soil to quizalafop-p-ethyl and 
clodinafop • tolerant plant growth promoting Bradyrhizobium sp. 
(vigna) MRM6. J Agric Sci Technol 13:1209-1222 

Alehosseini, A., Gomez del Pulgar, E.-M.,Fabra, M.J., G6mez­
Mascaraque, L.G., Benitez-Paez, A., Sarabi-Jamab, M.,Ghorani, B., 
Lopez-Rubio, A. Agarose-Based Freeze-Dried Capsules Prepared by 
the Oil-Induced Biphasic Hydrogel Particle Formation Approach for 
the Protection of Sensitive Probiotic Bacteria. Food Hydrocoll, 2019, 
87, 487-496. [CrossRef] 

Anastas, PT, Warner, J.C. Green Chemistry: Theory and Practice, 
Oxford University Press: Oxford, UK, 2000. 49. Thakkar, K., Mhatre, 
S.S., Parikh, R.Y. Biological synthesis of metallic nanoparticles. 
Nanomed. Nanotech. Boil. Med. 2010, 6, 257-262. [CrossRef] 

Bona E, Lingua G, Manassero P, et al. (2015) AM fungi and PGP 
pseudomonads increase flowering, fruit production, and vitamin 
content in strawberry grown at low nitrogen and phosphon1s levels. 
Mycorrhiza 25: 181-193. 

Brun~, G., Mike, P., Christelle, B., Goodspeed, K. Biochar is carbon 
negative. Nature Geosci. 2009, 2. 2. [CrossRef] 

Byl, _E_.,Bladt,_ P.,Lebeer, S.,Kiekens, F. Importance· of Pressure 
Plasticity durmg Compression of Probiotic Tablet Formulations.Eur. 
f. Phann. Biopharm. 2019, 145, 7-11. [CrossRef] [PubMed] 

C. Al~ E, Shan~haraj D, et al. (20:12) Probiotics for Plants: Importance 
of Rht~obactena on Aboveground Fitness in Plants. In: Bacteria in 
Agrob10logy: Plant Probiotics. Springer Berlin Heidelberg. 1-14. 



Probiotlcs: A Review • 

HJ. Cnnnonn-Cnbello, M., Go rdo; ·1 .L.,Lelvo-Co ndia, D., Dorado, M.P. 
Valorizolion of f~od waste bm,cd on Its composition through the 
concept of biordmcry. Curr. Op/11. Green Sustain. Chem. 2018, 14.67-
79. (CrossRcfl · 

11. C~ncic,A., Ching waru, W. The role of functional foodH, nutraceuticals, 
ond food supplements in inleslinalhcollh. Nutrien ts 2010, 2, 611-625. 
rct'ossRef) I_PubMed] 

12. Cerezal, P., Duarte, G. Use of skin in the elaboration of concentrated 
products of cactus pear (OpuntiaFicus-indica (L.) MiJler). /. Prof 
Assoc. Cactus. 2005, 7, 61-83. 

13. Chan, C.-L. Gan, R-Y., Shah, N.P. Corke, H. Enhancing antioxidant 
capacity of Lactobacil1us acidophilus-fermented milk fortified with 
pomegranate peel extracts. Food Biosci. 2018, 26, 185-192.(CrossRef] 

14. Chang. J., Tsai, JJ, Wu, K.H. Composting of vegetable waste. Waste 
Manag. Res. 2006, 24, 354-362. [CrossRef] [PubMed] 

15. Coelho, E.M., Souza, M.E., Correa, L.C., Viana, A.C., De Azevedo, 
LC., Lima, M.D.S. Bioactive Compounds and Antioxidant Activity 
of Mango Peel Liqueurs (Mangiferaindica L.) Produced by Different 
Methods of Maceration. Antioxidants 2019, 8, 102. [CrossRef] 

16. Combs JGE. McClung JP (2016) The vitamins: fundamental aspects 
in nutrition and health. Academic press. 

17. Cristiny de Oliveira Vieira, K., da Silva Ferreira, C.,Toso Bueno, E.B., 
de Moraes, Y.A., Campagnolo Gon~alves Toledo, A.C.,Nakagaki, 
W.R., Pereira, V.C.,Winkelstroter, L.K. Development and Viability 
of Probiotic Orang~ Juice Supplemented by PediococcusAcidilactici 
CE51. LWT 2020, 130, 109637. [CrossRef] 

18. Crizel, T.D.M., Jablonski, A., Rios, A.D.O.,Rech, R., Flores, S.H. 
Dietary fiber from orange byproducts as a potential fat replacer LWf 
2013, 53, 9-14. [CrossRef] 

19. Dave RI, Shah NP (1997) Effectiveness of ascorbic acid as an oxygen 
scavenger in improving viability of probiotic bacteria in yoghurts 
made with commercial starter cultures. Int Dairy J 7: 435-443. 

20. De Oliveira Ribeiro, A.P., dos Santos Gomes, F., dos Santos, K.M.O., 
da Matta, V.M., de Araujo Santiago, M.C.P., Conte, C., de Oliveira 
Costa, S.D., de Oliveira Ribeiro, L., de Oliveira Godoy, R.L., Walter, 
E.H.M. Development of a Probiotic Non Fermented Blend Beverage 
with Ju~ara Fruit: Effect of the Matrix on Probiotic Viability and 
Survival to the Gastrointestinal Tract. LWT 2020, 118, 108756. 
[CrossRef] 

21. Deng, z., Li, J., Song, R., Zhou, B., Li, ~·, Liang, H. 
Carboxymethylpachymaran/ Alginate Gel Ent~appmg of _Natural 
PollenCapsules for the Encapsulation, Protection and Delivery of 
Probiotics with Enhanced Viability. Food Hydrocoll. 2021, 120, 106855. 
[CrossRef] 



■ Plant Soil Microbial Interactions (Theory to Applicati~)/t, 

22. Dimitrcllou, D., Kandyli s, P.,Levic, S.,PetrLovic, b T.
1
,I
1
vanovic, 

s.,Nedovic, V., Kourkoutos, Y. Encopsulation _of . acto aci . us Ca~ei 
AT'CC ::\93 in Alginate Capsules for Prob10l1c Fermented Milk 
Produ ct:ion. LWT 201 9, 116, 108501 . [Cross Ref] 

23. Ora!,l'O, L. Probiotics and Colon Cancer. Microorganisms 2019,7, 66. 
[Cross Ref) 

24. Dursun A, Ekinci M, Donmez, MF (2010) Effects of foliar application 
of plant growth promoting bacterium on chemical contents, yield 
and growth of tomato (Lycopersiconesculentum L.) and cucumber 
(Cucumissativus L.). Pak J Bot 42: 3349-3356. 

25. Erturk Y. Ercisli S. Cakmakci R (2012) Yield and growth response of 
strawberry to plantrhizobacteria inoculation./ Plant Nutr35: 817-826. 

26. FAO/WHO. Report of a Joint FAO/WHO Expert consultation on 
evaluation of health and nutritional properties of probiotics in 
food including powder milk with live 1.AB. Food and Agriculture 
Organizationof the United Nations. World Health Organization. 2001. 

27. Flores-Felix JD. Silva LR, Rivera LP. Et al. (2015) Plants probiotics as a 
tool to produce highly functional fruits: the case of Phyllobacterium 
and vitamin C in strawberries. PLoS One10: e0122281. 

28. Fonseca, H.C., de Melo, D.S., Ramos, C.L., Menezes,A.G.T., Dias, D.R, 
Schwan, R.F. Sensory and Flavor-Aroma Profiles of Passion Fruit Juice 
Fermented by Potentially Probiotic LactiplantibacillusPlantarum 
CCMA 0743 Strain. Food Res. Int. 2021, 110710.[CrossRef] 

29. Food and Agriculture Organization/World Health Organization 
Expert Consultation Report (2001) Health and Nutritional 
Properties of Probiotics in Food including Powder Milk with Live 
Lactic Acid Bacteria. (http://www.who.int/foodsafety/publications/ 
fsmanagement/en/probiotics.pdf), accessed November 4, 2009. 

30. Galanakis,C.M. Recovery of high added-value components from food 
wastes: Conventional, emergingtechnologies and commercialized 
applications. Trends Food Sci. Technol. 2012, 26, 68-87. [CrossRef] 

31 . Garcia-Casal MN. Pena-Rosas JP. Giyose B (2016) Staple crops 
biofortified with increased vitamins and minerals: considerations for 
a public health strategy. Ann NY Acad Sci 1390: 3-13 

32. Garda-Fraile P. Menendez E. Rivas R (2015) Role of bacterial 
biofertilizers in agriculture and forestry. AIMS Bioeng2: 183-205. 

33. Carcia-Seco D. Zhang Y. Gutierrez-Manero FJ, et al. (2015)Application 
?f Pseudomonas fluorescens to blackberry under field conditions 
improves fruit qu alily by modifying flavonoid metabolism. PloS One 
JO: e0142639. 

34 . C~reau: M.~., ,sher~1an, P.M., Walker, W.A. Probiotics and the gut 
microb1ota 111 mtestmal health and disease. Nat. Rev. Gastroenterol. 
Hepatol. 2010,7, 503-5'14. [CrossRef] 



Probiotics: A Review ■ 
35. Gorinstein, S., Martin-Belloso, 0 , Pork, Y. -S.,Haruenkit, R.,Lojek, 

A., Cis, M., Caspi , A., Libman, I., Trnkhtenberg, S. Comparison of 
sorne biochemica l charoclerl sli cs of different citrus fruits. FoodChem. 
2001 , 74, 309-315. [CrossRef] 

36. Grajek \N. Olejnik A. Sip A (2005) Probioti cs, prebioti cs and 
antioxidants as functional food s. Acta Biochim Po/52: 665. 

37. Granado J. Felix G. Boller T (1995) Perception of fungal sterols in 
plants (subnanomolar concentrations of ergosterol elicit extracellular 
a]kalinization in tomato cells). Plant Physiol107: 485490. 

38. Granato, 0 ., Branco, G.F.,Nazzaro, F., Cruz, A.G., Faria, J.A. 
Functional foods and nondairy probiotic food development: Trends, 
concepts, and products. Compr. Rev. Food Sci. Food Saf. 2010, 9, 292. 
[CrossRef] 

39. Giil A. Kidoglu F. Tiizel Y (2008) Effects of nutrition and Bacillus 
amyloliquefaciens on tomato (Solanum lycopersicum L.) growing in 
perlite. Span J Agric Res6: 422-429. 

40. Heidari M, Golpayegani A (2012) Effects of water stress and 
inoculation with plant growth promoting rhizobacteria (PGPR) 
on antioxidant status and photosynthetic pigments in basil 
(Ocimumbasilicum L.). J Saudi Soc Agr Scill: 57-61. 

41. Her, J.-Y., Kim, M.S., Lee, K.-G. Preparation of Probiotic Powder 
by the Spray Freeze-Drying Method. J. Food Eng. 2015, 150, 70-74. 
[CrossRef] 

42. Hungria M. Nogueira MA. Araujo RS (2013) Co-inoculation of 
soybeans and common beans with rhizobia and azospirilla: strategies 
to improve sustainability. BiolFertil Soils49:791-801 

43. Hunton Miller, JM. T. Gibson, G. R. and Bruck. W. (2003) "Some 
insights into the derivation and early uses of the word "probiotic" . 
Eritish Journal of Nutrition90: p. 845. 

44. Islam MT. Hossain MM (2012) Plant probiotics in phosphorus 
nutrition in crops. With special reference to rice. In: Bacteria in 
Agrobiology: Plant Probiotics, Springer Berlin Heidelberg. 325-363. 

45. Jimenez-Gomez A, Menendez E. Flores-Felix JD. Et al. (2016) Effective 
Colonization of Spinach Root Surface by Rhizobium, In: Biological 
Nitrogen Fixation and Beneficial Plant Microhe Interaction. Springer 
International Publishing. 109-122. 

46. Karlidag H, Yildirim E, Tu ran M, et al. (2013) Plant growth-promoting 
rhizobacteria mitigate deleterious effects of salt stress on strawberry 
plants (Fragariaananassa). HortSci48: 563-567. 

47. Kerry, R.G., Patra, J.K., Gouda, S., Park, Y., Shin, H.-S., Das, G. 
Benefaction of probiotics for human health: A review. J. Food Drug 
Anal. 2018, 26, 927-939. [CrossRef] 



■ Plant son Microbial IntetacUons (Theory to Appli.datfort~}.~~.:,· t • ' 
, ' f ✓, , 

48. Klayraun~, S.,Vierns tei n , H .,Okonogi, S. Development of Tablets Contoining Probio lics: Effects of Formulation and PnJccs~ingPormn el'e rs on Bocte rinl Viability . Int./ . Pharm . 2009, 370, 
54-60. fCt'(,ssRcfl [PubMed] 

49, Kris-Etherton PM, Hecker KO, Bonanome A, e t al. (2002). Bioactive compounds in foods: their role in the prevention of cardiovascular disease and cancer. Arn f Med 113: 71-88. 39. 
so. Lilly, D.M., Stillwell, R.H. Probiotics: Growth-promoting factors produced by microorganisms. Science 1965, 147, 747-748. [CrossRef] 
51 . Luckow T. Delahunty C . Which juice is healthier"? A consumer study of probiotic non-dairy juice drinks. Food Quality and Preferences. 2004, 15:751-759. 
52. Maheshwari DK (2011) Plant growth and health promoting bacteria, In: Microbiology monographs, Springer Berlin Heidelberg. 
53. Marin JC. Cespedes CL (2007) Volatile compounds from plants. Origin. Emission, effects. Analysis and agro applications. Fitotec30: 327-351. 

54. Martin, R.,Langella, P. Emerging health concepts in the probiotics field: Streamlining the definitions. Front. Microbial. 2019, 10, 1047. [CrossRef] 
55. Martins, E.M.F., Ramos, A.M.,Vanzela, E.S.L.,Stringheta, P.C., de Oliveira Pinto, C.L., Martins, J.M. Products of vegetable origin: A new alternative for the consumption of probiotic bacteria. Food Res. Int. 2013, 51, 764-770. [CrossRef] 
56. Matsui, S. (2009) Baionasjunkankatsuyo wo kanounisurupurobiotikusunougyougenri (Probiotics principle that can help organic farming), Journal of Environnental and Sanitary EngineeringResearch, 23(3). The Association of Environmental And Sanitary Engineering Research, Kyoto University, pp. 81-87. 
57. Menrad K. Market and marketing of functional food in Europe. Journal of Food Engineering. 2003. 53:181-188. 
58. Minj, S., Anand, S. Development of a Spray-Dried Conjugated Whey Protein Hydrolysate Powder with Entrapped Probiotics. / . Dairy Sci. 2021, 105, 11. [CrossRef] 
59. Miranda, R.F., de Paula, M .M ., da Costa, G.M.,Barao, C.E., da Silva, A.C.R.,Rai.ces, R.S.L., Gomes, R.G., Pimentel, T.C. Orange Juice Added with L. Casei: ls There an Impact of the Probiotic Addition Methodology on the Quality Parameters? LWT 2019, 106, 186-193. [Cross Ref] 
60. Misra, S., Pandey, P., Mishra, H.N. Novel Approaches for Co­Encapsulation of Probiotic Bacteria with Bioactive Compounds, Their Health Benefits and Functional Food Product Development: A Review . Trends Food Sci. Tcchnol. 2021, 109, 340-351. [CrossRef] 



61. National Academy of Agricultural Sciences. Saving the Harvest: 
Reducing the Food Loss and Waste, Policy Brief No. 5, National 
Academy of Agricultural Sciences: New Delhi, India, 2019. Available 
online: http://naasindia.org/documents/Saving" 20the 201Harvest 
pdf (accessed on~ October 2019). 

62. Novik, G.,Savich, V. Beneficial Microbiota. Probiotics and 
Pharmaceutical Products in Functional Nutrition and Medicine. 
Microbes Infect. 2020, 22, 8-18. [CrossRef] 

63. Oh, J.-L., Lee, J., Lee, T., Ok, Y.S., Lee, S.-R., Kwon, E.E. Strategic 
CO 2 utilization for shifting carbon distribution from pyrolytic oil 
to syngas in pyrolysis of food waste. ]. CO2 Until 2017, 20, 150-155. 
[CrossRef] 

64. Ordookhani K (2011) Investigation of PGPR on antioxidant activity 
of essential oil and microelement contents of sweet basil. Adv Environ 
Biol 5: 1114-1120. 

65. Panda, S.K.,Mishra, S.S.,Kayitesi, E., Ray, R.C. Microbial-processing " 
of fruit and vegetable wastes for production of vital enzymes and 
organic acids: Biotechnology and scopes. Environ. Res. 2016, 146, 161-
172. [CrossRef] [PubMed] " 

66. Pandey DK Shekelle R. Selwyn BJ. Tangney C. Stamler J. Dietary 
vitamin C and beta carotene and risk of death in middle-aged men. 
The Western -Electric Study. American Journal of Epidemiology. 1995. 
142:1269-1278. 

67. Pirlak L. Kose M (2009) Effects of plant growth promoting 
rhizobacteria on yield and some fruit properties of strawberry. J 
Plant Nutr32: 1173-1184. 

68. Plazzotta, S., Manzocco, L., Nicoli, M.C. Fruit and vegetable waste 
management and the challenge of fresh-cut salad. Trends Food Sci. 
Technol. 2017, 63, 51-59. [CrossRef] . 

69. Rudra, S.G, Nishad, J., Jakhar, N., Kaur, C. Food industry waste: 
Mine of nutraceuticals. Int.]. Sci.Environ. 2015, 4, 205-229. 

70. Sah, B.N.P., Vasiljevic, T., McKechnie, S., Donkor, 0. Effect of 
pineapple waste powder on probiotic growth,Antioxidant and 
antimutagenic activities of yogurt.]. Food Sci. Technol. 2015, 53, 1698-

1708. [CrossRef] 

71. Sangwan NS, Farooqi AHA, Shabih F, et al. (2001) Regulation of 
essential oil production in plants. Plant Growth Regul34: 3-21. 

72. Santo,A.P.D.E.,Cartolano, N.S., Silva, T.F., Soares, F.AS.D.M.,Gioielli, 
L.,Perego, P., Converti, A., De Oliveira, M.N. Fibers_ from f~uit by­
products enhance probiotic viability and fatty . acid_ profile and 
increase CLA content in yoghurts. Int. ]. Food Mzcrobwl. 2012, 154, 

135-144. [CrossRef] 



■ Plant Soil Microbial ln,teractions (Theory to:Ap,plkaiton$)$, - • • , , • , 1 
,~ ' ~.,- ,,/;,,, z :it,", ~rfl'4 (}J ~Y- 1 

73. Sechi G. Sechi E. Fois C. et nl. (2016) Advances in clinical determinants 
and neurological manifestations of B vitamin deficiency in adults. 
NufT Rev74: 107. 

74. Sheehan VM. Ross P. Fitzgerald GF': Assessing the acid tolerance and 
the teclu1ological robush1ess of probiotic cultures for fortification in 
fruit juices. International Food Science and Emerging Technology. 2007. 
8:279-284. 

75. Shen F. Zhu TB, Teng MJ, et al. (2016) Effects of interaction between 
vermicornpost and probiotics on soil nronerty. Yield and quality of 
tomato. YingyongShengtaiXuebao27. 

76. Shari, A.B. The potential applications of probiotics on dairy and 
non-dairy foods focusing on viability during storage. Biocatal. Agric. 
Biotechnol. 2015, 4, 423-431. [CrossRef] 

77. Shukla KP. Sharma S. Singh NK, et al. (2011) Nature and role of root 
exudates: Efficacy in biorernediation. Afr J Biotech 10: 9717-9724. 

78. Silva LR. Azevedo J. Pereira MJ, et al. (2014) Inoculation of the 
N onlegume Capsicum annuum L. with Rhizobium Strains 2. Changes 
in Sterols. Triterpenes, Fatty Acids, and Volatile Compounds. J Agr 
Food Chern 6: 565-573. 

79. Simkin SK. Tuck K. Garrett J. et al. (2016) Vitamin A deficiency: an 
unexpected cause of visual loss. Lancet387: 93, 

80. Siro, L.,Kapolna, E.,Kapolna, B.,Lugasi, A. Functional food. Product 
development, marketing and consumer acceptance-A review. 
Appetite 2008, 51, 456-467. [CrossRef] [PubMed] 

81. Soong, Y-Y: Barlow, PJ. Antioxidant activity and phenolic content of 
selected fruit seeds. Food Chem. 2004,88, 411-417. [CrossRef] 

82. Tang,R., Yu, H., Qi, M., Yuan, X.,Ruan, Z., Hu, C., Xiao, M.,Xue, Y., 
Yao, Y., Liu, Q. Biotransforrnation of Citrus Fruits PhenolicProfiles 
by Mixed Probiotics in Vitro Anaerobic Fermentation. LWT 2022, 
113087. [CrossRef] 

83. Trienekens J. Zurbier P (2008) Quality and safety standards in the 
food industry, developments and challenges. Int J Prod Econll3: 107-
122. 

84. Tuorila H. Cardello AV. Consumer response to an off flavour in 
27.Juice in the presence of specific health claims. Food Quality 
Preferences. 2002, 13:561-569. 

85. Turan M, Ekinci M. Yildirim E (2014) Plant growth-promoting 
rhlzobacteria improved growth, nutrient, and hormone content of 
cabbage (Brassica oleracea) seedlings. Turk J Agr Forest38: 327-333. 

86. Vivek, K., Mishra, S., Pradhan, R.C. Characterization of Spray Dried 
Probiotic Sohiong Fruit Powder with Lactobacillus Plantarum. LWT 
2020, 117, 108699. [CrossRef] 



87. Weisburger John H. Can cancer risks be altered by changing nutritional traditions? Cancer. 1998, 83(7):1278-1281. 
88. Xu, Y., Zhao, H., Yan, X., Zhao, S. Preparation of a Probiotic Rice Tablet: Sensory Evaluation and Antioxidant Activity during Gastrointestinal Digestion. LWT 2020, 124, 108911. [Cross Ref] 
9 Yildirim E. Turan M. Ekinci M, et al. (2015) Growth and mineral 8 . 

content of cabbage seedlings in response to nitrogen fixing rhizobacteria treatment. Rom Biotech Lett20: 10929-10935. 
9o. 90. Yoon KY. Woodams E. Hang YD. Production of probiotic cabbage juice by lactic acid bacteria. Bioresource Technology. 2006. 25. 97:1427-1430. 



ivlodiliL1d t 1,1rtl1 crust is soi l wh ich is organised and 
modifiL1d by the i11teri1ctionsof many microbial entities. 
The un-fnrcdul inleruclions naturally governed by a 
li1rgt1 number of frictors interna lly as welJ·asexternaJly. 

Fundamentals ThL' overall JJowcr runs the process towards the 
Of'I Plant and Soil 

MicrobielTnteroctlon• micro-environment in which the organisms grow, 

flourish and reproduce for the next generations. So, 
.,........,,...,_, . ..._... 

'---------' soil is the medium as wel1 as supportive system ancJ: 
th~ plants and microbes are the ca rrier that carry the nutrients as well 
zis minerJls and even transfer the com ple~ form of matter to simple 
form for recycling the matter. The interaction of those organisms is the·, 
vita l force to make the stable environment everywhere. Many chapter~ 
of this book represent the different components which make this book 
meaningful from theory to applications. 

Pam pi Ghosh, M.Sc., Ph.D (b.197 ~) is an Assist_ajlt 
Prof. in Botany (S3), Seya· Bharati Mahavidyalaya, 
Kapgari, Jhargarm, West Bengal. Earlier sl1e wa~ a 
Headmistress at Pasang Girls' High School,· Paschmi 

. ~ ' 
Medinipur, W.B. She has completed2 minor reseafdi 
projects funded by UGC-ERO, Kolkata on Ethri_er. 
botany. She also did work on various aspects of A: 

fungi with Professor N K Verma, Department of Botany & Forestry 
Vidyasagar University. Her interest goes on ethno-botany, pla~ 

taxonomy, soil AM fungi, experimental plant physiology with bi~ 
fertilizers, medicinal plants, soil borne fungi etc. She published mo 
than 40 scientific research papers in various National and Intemationa· 

Journals and acted as editor of many Books. 

~ Bharti Publications, New Delhi 
1 ( E-mail: bhartipublic~~:::.t::~~~c~1i:~:~:~:c~~~rtipublications.com. 

978-93-94779-52 

9 Jlllt !!Iii~ • 



{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

