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INTRODUCTION 

 

Hazards of using synthetic chemicals as fertilizers and pesticides in conventional 

farming system are well known all over the world. In spite of increasing yield to 
manifold, green revolution has proved to give uncountable problems to agriculture 

few to name are water logging, salinity, alkalinity, soil erosion, and resurgence of 

pests, loss of biodiversity. High doses of fertilizers and pesticides used during 
Green Revolution has brought significant land and water problems relating to soil 

degradation over exploitation of ground water and soil pollution (Singh, 2000). 
Organic farming is a crop production method which maximizes the use of internal 

farm resources and minimizes use of external chemical fertilizers and pesticides, 

till the complete self-sufficiency is achieved. Organic agriculture combines 

tradition, innovations and science to aim sustainable agriculture. It helps to reduce 

debts through lowering input costs (Panneerselvam et al., 2010).The organic 

agriculture system, accepted by the European Union and the FAO (Food and 
Agriculture Organization) as an alternative system to conventional agriculture, 

appears to be an environmentally friendly growing system. This production 

method aims to minimize negative effects on the environment and maintains the 
biological diversity of the soil (Maeder et al., 2002).As per the available statistics, 

India's rank 8th in terms of World's Organic Agricultural land and 1st in terms of 

total number of producers as per 2020 data (FIBL and IFOAM, 2020).As on 31st 
March 2020 total area under organic certification process (registered under 

National Programme for Organic Production) is 3.67 million Hectare (2019-

20).This includes 2.299 million ha cultivable area and another 1.37 million Hectare 
for wild harvest collection. According to APEDA (2018) total area under organic 

certification process in India (registered under National Programme for Organic 

Production) is 3.56 million Hectare (2017-18).India produced around 2.75 million 

MT (2019-20) of certified organic products which includes all varieties of food 

products namely oil seeds, sugar cane, cereals andmillets, cotton, pulses, aromatic 

andmedicinal plants, tea, coffee, fruits, spices, dry fruits, vegetables, processed 

foods etc. The production is not limited to the edible sector but also produces 

organic cotton fiber, functional food products etc. 

The ‘conventional farming system’ favors to imply various external and synthetic 
chemicals during pre and post harvesting practices. Organic systems had 32% to 

84% greater microbial biomass carbon, microbial biomass nitrogen, total 

phospholipid fatty-acids, and dehydrogenase, urease and protease activities than 
conventional systems (Lori et al., 2017). The frequency of occurrence of pesticide 

residues was found to be four times higher in conventional crops, which also 
contained significantly higher concentrations of the toxic metal Cd (Baranski et 

al., 2014). 

Capsicum annuum L. (family Solanaceae) is used as food ingredient and/or spices 
in many cuisines attributing their sensory, coloring, flavoring, heat, pungency and 

unique aroma. Chili is grown all over country as an important vegetable and spice 

crop. Chili is source of non-climacteric fruits containing various nutrients and 
vitamins and enriching human diet with color, aroma and pungency. It is well 

established fact that fruits of chili show antibacterial activity due to phenolics, 
carotenoids, vitamin C etc. (Koffi-Nevryet al., 2012), antioxidant and anti-

carcinogenic activity (Liao et al., 2020). The bioactive compounds of chili fruits 

available for human consumption showing aforesaid activities provide prevention 

against various diseases like cardiovascular, obesity, neurological disorder, 

arthritis etc.  

Pepper fruits contain various bioactive compounds attributing to its pungency, 
taste and aroma like capsaicinoids, vitamin C, decoic acids, esters, etc. 

Capsaicinoid is a family of compounds that is responsible for giving chili pepper 

the characteristic pungent taste. Capsaicinoids contain components capsaicin, 
dihydrocapsaicin, norhydro-capsaicin, norcapsaicin, nornorcapsaicin and 

nonivamide (Levono and Prasad, 2017). The two major capsaicinoids, capsaicin 

and dihydrocapsaicin, are responsible for up to 90% of the total pungency of 
pepper fruits (Madhumathyet al., 2007). Biosynthesis of capsaicin is 

taxonomically restricted to genus Capsicum present in fruit pericarp and seeds. 

Capsaicinoid compounds have been widely studied and are currently used in the 
food industry for medical purposes as well as pharmaceuticals and in defensive 

sprays. Capsaicin is the active principle which accounts most of the pharmaceutical 

properties of chili. It has been used as an analgesic against arthritis pain and 
inflammation (Deal et al., 1991; Hernández-Ortega et al., 2012). Concentration 

of capsaicinoids (group of alkaloids) in the chili fruits depends on genotype, fruit 

maturity, and conditions of cultivation (Zewdie and Bosland 2000), sometimes it 

depends on growing and drying conditions (Wesoowska et al., 2011). 

Gas chromatography/mass-spectrometry is one of the best tools to analyse essential 

oils in spices. Bioassays on analyses of the functional components of foods 
(nutraceuticals) of organic and conventional produce are needed to conclude that 

organic fruits and vegetables are healthier and safer (Lotter, 2003). To establish 

the fact that organically grown fruits are nutritionally better over conventionally 
grown chili, gas chromatography and mass spectroscopy was done for various 

In India nearly,3.56 million hectaresof area is being managed organically (certified) with limited internal inputs to keep fruits and 

vegetables chemical-free. Thepresent study aims to obtain bioactive volatile compounds profile of chili fruits grown under organic and 
conventional farming system in the same climatic conditions. Fields practicing organic farming ORG I (since last 2-3 year), ORG II (5-6 

years) and ORG III (8-9 years) were selected. fruit extracts obtained from three experimental fields and one conventional field were 

analyzed through Gas Chromatography and Mass Spectroscopy. The current experimental study on comparative analysis of nutrient 
content and effect of pesticides on chili fruits has been conducted in the year 2018. Study based on soil quality, temperature condition, 

amount of organic matter, pesticide spray, and year of practicing as an organic field.GC-MS analysis of conventional chili recorded a high 

number of compounds contrasting to organically grown chili which recorded a lesser number of compounds.GC-MS analysis of chili fruit 
samples grown in different agricultural conditions showed various volatile compounds. Comaprative data shows higher compounds in 

conventionally grown samples while lower quantity in organically grown samples. Nutritional compounds like ascorbic acid (Vitamin C) 

were recorded 13.22% in organic fruits in comparison to conventional chili fruits (4.37%).Capsaicinoidsand fatty acid contents were 
reported manyfold in organically grown chili in comparison to conventional chili fruits. Reports are in favor to promote more and more 

organic farming systems for nutritional enhancement in food crops. 
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samples. No proper analysis of effect of agricultural practices on nutritive and 

pesticides level in chili was carried out. The objective of this research was to 

analyzeeffect of conversion of chemical farming to organic farming and its impact 

on bioactive compounds in produce.   

 

MATERIAL AND METHODS 

 

Field area 

 
The study area was located in Jhunjhunu district of Rajasthan (28.1317° N, 

75.4022° E) which is 319 m above the sea level. Total 16 farms were selected for 
study. Four farms practicing conventional farming and 12 farms practicing organic 

methods of farming were approached to grow chili at the same time. The farms 

converted from conventional to organic farming approach take time to modify in 
soil content and environmental conditions. Three types of agriculture farms for 

organic farming were shown significant difference in terms of soil fertility and its 

retention capacity(Choudhary et al., 2020). Seeds of chili variety were distributed 
to farmers of all the farms to grow. Farms were surveyed time to time for proper 

monitoring on farming practices. Fruits in the month of July were harvested and 

used for further analyses.  
The fruit samples named ORG I (harvested from farms practicing organic farming 

from 2-3 years), ORG II (harvested from farms practicing organic farming from 5-

6 years), ORG III (harvested from farms practicing organic farming from 7-8 
years)& CON (harvested from conventional farms) were harvested in July, 2018, 

dried at room temperature in shadow. The whole fruits including the fruit wall 

seeds were grinded in mixer to make powder. 
 

Soxhlet Extraction 

 
The extraction for analyzing bioactive constituents was performed using organic 

solvent extraction method. Soxhlet extraction method was performed by taking 

8gm of dried fruit powder. Methanol was selected as extraction solvent due to its 
high extraction efficiency as compared to other suitable solvents like acetone 

(Attuquayefio and Buckle, 1987; Collins et al. 1995). Fruit powder was placed 

into a muslin cloth thimble then extracted with 80% methanol at boiling point 
(64.7° to 80°) 70° at atmospheric pressure for almost 24 hours. The extraction 

procedure was carried out till the solvent in siphon tube of Soxhlet apparatus 

became colorless. The extract was filtered by syringe filters (MCE membrane, pore 
size 0.45 µ meters). 5ml fruit extract was used for GC-MS analysis. 

GC-MS Analytical Conditions 

GC-MS analysis was carried out on a Shimadzu GCMSQP2010 Ultra system. The 

temperature of injector was adjusted to 280°C.The samples were injected in the 

split mode with split ratio 1/60. 1 ìL injection volume was used. A capillary column 

Rtx-5MS (5% Diphenyl-95% Dimethyl Polysiloxane), 30 m x 0.25mm x 0.25ìm, 

was used in the conditions. Inert gas Helium was used as career gas with a constant 

flow of 1.00 mL/min. Initial temperature of oven was adjusted to 60°C, held for 2 
min, increased to 10°C/min up to 260°C and held for 10 min. The MS ionization 

potential was 70 eV, and Mass scan range was 40-550. Charomatographs were 

analysed and identified using mass spectroscopy results on NIST database. Four 
samples were analysed for GCMS and standard deviation from mean was 

calculated by statistical methods. 
 

RESULTS 

 
The dried powder of pepper fruits were extracted with methanol in Soxhlet 

apparatus, and analysed for bioactive components in GC-MS. Comparative table 

showing various compounds are presented in Table 1. The GC-MS analysis 
revealed the presence of 52 compounds in extract of conventionally grown chili 

while significantly less i.e. 36, 40 and 39 compounds in ORG I, ORG II and ORG 

III samples respectively. As reported by the analysis the major components peak 
area in organic I, II, III and conventionally grown chili were of capsaicin and 

ascorbic acid (Vitamin C). Ascorbic acid peak area (13.16%, 13.58%, 13.22%) in 

ORG I, II, and III and very low in conventionally grown chili (4.37%) was recorded 
(Fig. 1). The results suggest that organically grown chili were three fold higher in 

vitamin C contents in comparison to conventionally grown fruits of chili. Vitamin 

E was recorded in ORG III samples in traceable amounts and absent in all others.  
Capsaicinoids were recorded significantly high in organic samples. In ORG I 

Capsaicin, dihydrocapsaicin and Nonivamide were recorded (16.60%, 8.16%, and 

0.78% mean quantity peak area. ORG II showed slight decrease in capsaicinoids 
while ORG II samples gained the lost vigour and showed capsaicin 13.98% and 

dihydrocapsaicin at 10.64%. Conventional samples were not able to retain 

capsaicin content as much as ORG samples (10.64 % and 7.04%). 
Dichloroacetic acid, tridec-2-ynyl ester was found absent in organic I, II, and 

conventionally grown chili. It was only present in very high concentration in 

organic chili (ORG III) with peak area of 23.98%. Desulphosinigrin (absent in 
most of organic samples) was recorded with very high peak area of 10.15 % in 

conventionally grown samples.Hexadecanoic acid, methyl ester 

(1.21%,1.90%,1.54% in organic samples and absent in conventional chili), 
Hexadeconoic acid (3.96%,4.76%,5.75% and absent in conventional chili), 

tetradecanoic acid ( 0.78%, 0.71%, 0.64% and reported to be totally absent in 

conventional chili) were significantly present in organic fruit samples(table1). 
 

 
 

Figure 1 Representative gas chromatography/mass spectrometry chromatograms (full scan mode) of the volatile organic compounds (A): Organic-I, (B): Organic-II, (C): 
Organic –III and (D)“ Conventional Chilli. 
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Table 1 Volatile organic bioactive compounds generated from chili powder grown under organic and conventional farming systems using Gas Chromatography/Mass 

Spectroscopy (GC-MS) 

Name of Compounda 

R.Timeb Peak Areac 

ORG I ORG II ORG III CON 

dl-Glyceraldehyde dimer 4.675 - - - 1.21±0.023 

1,2-Cyclopentanedione 5.260 0.58±0.014 - 0.19±0.014 0.61±0.021 

1-Pentanol, 2-methyl-, acetate 8.952 - - - 1.63±0.024 

4H-Pyran-4-one, 2,3-dihydro-3, 5-dihydroxy-6 9.177 0.68±0.017 0.94±0.017 1.88±0.037 11.82±0.027 

5-Hydroxymethylfurfural 10.445 - - - 1.73±0.028 

Diethoxymethyl acetate 10.662 - - 1.16±0.027 - 

1,2,3-Propanetriol, 1-acetate 10.683 - - - 3.87±0.032 

N’-(Diaminomethyllidene)butanehydrazide 11.300 - - - 2.86±0.023 

1,3-Propanediol, 2-(hydroxymethyl)-2-nitro- 13.709 - - - 12.44±0.023 

D-Allose 14.185 - 4.82±0.027 - - 

Desulphosinigrin 15.828 - 5.79±0.033 - 10.15±0.025 

Hydroquinone, acetate 17.152 - - - 0.37±0.031 

Pentadecanoic acid 17.904 0.33±0.024 1.48±0.031 0.80±0.24 0.20±0.027 

3,7,11, Trimethyl-8, 10-dodecedienylacetate 18.727 0.44±0.023 1.10±0.026 1.63±0.038 0.81±0.021 

3,7,11, Trimethyl-8, 10-dodecedienylacetate 18.825 1.07±0.017 2.95±0.034 3.98±0.048 2.16±0.028 

1-(+)-Ascorbic acid 2, 6-dihexadecanoate 19.315 13.16±0.068 13.58±0.172 13.22±0.031 4.37±0.037 

9,12-Octadecadienoic acid (Z,Z)-, methyl ester 20.607 5.03±0.043 5.80±0.024 3.77±0.035 0.31±0.028 

8,11,14-Docosatricnoic acid, methyl ester 20.660 1.86±0.032 1.86±0.032 2.03±0.021 - 

Linoelaidic acid 20.960 12.13±0.073 11.93±0.029 - 1.76±0.025 

7-Tetradecenal, (Z)- 21.015 - 5.84±0.033 - 4.09±0.032 

cis-9-Hexadecenal  21.016 5.73±0.039 - - - 

Dichloroacetic acid, tridec-2-ynyl ester 21.018 - - 23.98±0.023 - 

N-Pentadecylacetamide 21.172 2.28±0.051 1.82±0.030 2.90±0.017 2.46±0.028 

Octadecanoic acid  21.219 - - 1.70±0.026 - 

Thunbergol 21.295 0.55±0.033 2.54±0.022 2.63±0.032 1.15±0.021 

1,6,10,14,18,22-Tetracosahexaen-3-ol,2,6,10 22.052 1.30±0.028 - - - 

(E)-3-Methyl-5-((1R,4aR,8aR)-5,5,8a-trimethyl 22.485 0.73±0.021 1.68±0.034 - 0.44±0.028 

Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(1) 22.754 - 2.92±0.018 0.81±0.020 0.53±0.028 

4-Hexen-1-ol, 6-(2,6,6-trimethyl-1-cyclohexen 22.775 1.30±0.030 - 1.76±0.028 - 

trans-Geranylgeraniol 22.844 2.79±0.034 1.22±0.025 - 1.01±0.021 

Naphthalene, decahydro-1,6-dimethyl-4-(1-me 23.016 0.41±0.025 1.87±0.025 - - 

Nonivamide 24.454 0.78±0.035 0.40±0.023 - 0.56±0.036 

9,12-Octadecadienoic acid (Z,Z), 3-hydroxy-1-(hydroxymethyl) 24.920 3.96±0.044 4.67±0.044 5.75±0.029 2.37±0.041 

Capsaicin 25.618 16.60±0.031 8.16±0.034 13.98±0.048 10.64±0.032 

Dihydrocapsaicin 26.016 15.26±0.116 5.88±0.034 7.37±0.040 7.04±0.030 

trans,trans-9,12-Octadecadienoic acid, propyl 27.819 - 1.27±0.035 - 0.54±0.029 

Octadecanoic acid, 2-hydroxy-1-(hydroxymethyl  28.225 2.40±0.030 2.68±0.018 - - 

Octadecanoic acid, 2,3-dihydroxypropyl ester 28.232 - - 3.10±0.057 1.34±0.027 

Vitamin E 33.877 - 0.60±0.017 - - 

.gamma.-Sitosterol 37.914 - - 1.22±0.027 0.78±0.021 
a Compounds listed in order of elution from SE30 MS column. 
b Retention time (as min). 
c Relative area percentage (peak area relative to total peak area %). 
 

DISCUSSION 

 
Various compounds attributing medicinal properties were recorded higher in 

organically grown chili in comparison to conventional produce. The medicinal 

uses of chili fruits have been endorsed to the presence of a large number of 
bioactive compound adapted as free radical scavengers which eventually boosts 

various cellular defense mechanisms (Ertani et al., 2014; Srinivasan, 2016). Role 

of ascorbic acid as an antioxidant agent and its effects on cancer, blood pressure, 
immunity, drug metabolism and urinary excretion of hydroxyproline conditions 

have been discussed earlier (Silencio Barrita and Santiago Sanchez, 2013).In the 

present study Capsaicin, dihydrocapsaicin and Nonivamide were recorded high in 
organically grown chili. Dihydrocapsaicin, one more constituent of capsaicinoids, 

can prompt autophagy in certain transformed cell lines (Choi et al. 2010).  

Comparative analysis of cytotoxicity, genotoxicity and antioxidant activity of 
different Capsicum extracts was reported in non-mammalian model (Bertao, 

2016). 

In some studies Dichloroacetic acid (DCA) was reported to function as a low cost, 
low toxicity anti-cancer drug (Bonnet et al., 2007; Madhok et al., 2010) which 

was recorded in organically grown fruits in higher amount in the present study. 

Esters of fatty acids octodecadienoic acid, pentadecanoic acid, octadecadienoic 
acid, hexadecanoic acid,linoelaidic acid, tetradecenal,butenedioic acid etc. were 

recorded in elevated quantity in organic fruits. Hexadecanoic acid, methyl ester 

and 9,12- octadecadienoic acid (Z,Z)-, methyl ester have shown antioxidant and 
anticancer properties, respectively (Wei et al., 2011). 9, 12 octadecadienoic acid 

show antioxidant, cytotoxic and anti-diabetic activities (Ma et al. 2018). In few 

studies Desuphosinigrin (DSS) promoted the growth of HCT-116 (colon) and NCI 
H460 (lung) human cancer cells as determined by the MTT assay (Weil et al. 

2004). 9, 12, 15-octadecatrienoic acid (Z, Z, Z) - with the retention time at 20.607 

was in higher amounts in all organic samples while it was recorded in minimal 
amount in conventionally grown chili fruits.  The compound hasreportedly 

antimicrobial, anticancer,  antipyretic, analgesic,  hypo-cholestrolemic and 

antiseptic activity(Kalaivani et al., 2012).Study by Shivakummar et al. 

(2011)showed that tetradecanoic acid has significant larvicidal and repellent 

activity against Aedes aegypti and Culex quinquefasciatus mosquitoes.Various 

octa and tetradecanoic acids were recorded high in organic samples providing the 
produce insecticidal property.  The volatile compounds present in higher amounts 

in organic chili contains more vitamins, fatty acids, other important compounds 

like tetradecanoic proves elevated defense related compounds’ synthesis in organic 
chili. GC-MS studies revealed that chili produced in organic farming systems for 

more than 5 years are safe and nutritionally superior.  

 

CONCLUSION 

 

GC-MS studies revealed that chili produced in organic farming systems for more 
than 5 years have advantage to be safe and nutritionally superior over 

conventionally grown chili.Capsaicin,dihydrocapsaicin,ascorbic acid,linoelaidic 

acid, and9,12-Octadecadienoic acid (Z,Z) are major bioactive components 
recorded in higher amount in organically grown chili as compared to 

conventionally grown chili. Plants start synthesizing defensive bioactive 

compounds to manage diseases on its own level which is an important step towards 
sustainable agriculture. Pesticidal residues and its by product are present in 

conventionally grown chili while products become free from such chemicalseven 

in traceable amounts. To infer about these compounds further analysis are 

required.Present study strengthen the importance of organic farming practices in 

vegetable production. 

  

Acknowledgement: Authors are grateful to Department of Botany, University of 
Rajasthan for providing research facilities. 

 

Conflict of Interest: The authors declare that they have no conflict of interest. 



J Microbiol Biotech Food Sci / Choudhary et al. 2022 : 12 (3) e3545 

 

 

 

 
4 

 

  

Compliance with Ethical Standards: NA 

 

Funding: No funding received. 

 

REFERENCES 

 

APEDA (2018).  

www.apeda.gov.in/http://apeda.gov.in/apedawebsite/organic/Organic_Products.ht

m accessed on 13-06-2020. 
Attuquayefio, V. K., & Buckle, K. A. (1987). Rapid sample preparation method 

for HPLC analysis of capsaicinoids in Capsicum fruits and oleoresins. Journal of 
Agricultural and Food Chemistry, 35(5), 777–779. 

https://pubs.acs.org/doi/pdf/10.1021/jf00077a032 

Barański, M, Średnicka-Tober, D, Volakakis, N, Seal, C, Sanderson, R, Stewart, 
GB, Benbrook, C, Biavati, B, Markellou, E, Giotis, C, Gromadzka-Ostrowska, J, 

Rembiałkowska, E, Skwarło-Sońta, K, Tahvonen, R, Janovská, D, Niggli, U, 

Nicot, P, Leifert, C. (2014). Higher antioxidant and lower cadmium concentrations 
and lower incidence of pesticide residues in organically grown crops: a systematic 

literature review and meta-analyses. British Journal of Nutrition. 112(5), 794–811. 

https://doi.org/10.1017/S0007114514001366 
Bertão, M. R., Moraes, M. C., Palmieri, D. A., Silva, L. P., & da Silva, R. M. G. 

(2016). Cytotoxicity, genotoxicity and antioxidant activity of extracts from 

Capsicum spp. Research Journal of Medicinal Plant,10(4), 265-275. 
https://scialert.net/abstract/?doi=rjmp.2016.265.275 
Bonnet, S., Archer, S. L., Allalunis-Turner, J., Haromy, A., Beaulieu, C., 

Thompson, R.& Michelakis, E. D. (2007). A Mitochondria-K+ Channel Axis Is 
Suppressed in Cancer and Its Normalization Promotes Apoptosis and Inhibits 

Cancer Growth. Cancer Cell, 11(1), 37–51. 
https://doi.org/10.1016/j.ccr.2006.10.020   
Choi, C.-H., Jung, Y.-K., & Oh, S.-H. (2010). Autophagy Induction by Capsaicin 

in Malignant Human Breast Cells Is Modulated by p38 and Extracellular Signal-

Regulated Mitogen-Activated Protein Kinases and Retards Cell Death by 
Suppressing Endoplasmic Reticulum Stress-Mediated Apoptosis. Molecular 

Pharmacology, 78(1), 114–125. https://10.3858/emm.2012.44.2.033 

Choudhary, K., Dayanand, D., & Mishra, P. (2020). Soil Profile Studies of Organic 
and Conventional farms growing Chili, Capsicum annuum. Flora and Fauna, 

26(2), 191-196. https://doi.org/10.33451/florafauna.v26i2pp191-196  

Collins, M.D., Mayer-Wasmund, L., Bosland, P.W. (1995). Improved Method for 
Quantifying Capsaicinoids in Capsicum using High-Performance Liquid 

Chromatography. Hort Science. 30, 137-139. 

https://doi.org/10.21273/HORTSCI.30.1.137 
Deal, C.L., Schnitzer, T.J., Lipstein, E., Seibold, J.R., Stevens, R.M., Levy, M.D., 

Albert, D., & Renold, F.(1991). Treatment of Arthritis with Topical Capsaicin: A 

Double-blind Trial. Clinical Therapy. 13(3), 383-
395.  https://pubmed.ncbi.nlm.nih.gov/1954640/ 

Ertani, A., Pizzeghello, D., Francioso, O., Sambo, P., Sanchez-Cortes, S., & Nardi, 

S. (2014). Capsicum chinensis L. growth and nutraceutical properties are enhanced 
by biostimulants in a long-term period: chemical and metabolomic approaches. 

Frontiers in Plant Science, 5. https://doi.org/10.3389/fpls.2014.00375 

FiBL, IFOAM, 2020. Data on organic agriculture world-wide. In: The World of 
Organic Agriculture. Statistics and Emerging Trends. FiBL, Frick; IFOAM, 

Bonn.https://www.fibl.org/fileadmin/documents/shop/1150-organic-world-

2021.pdf. Accessed on 21 august 2020. 
Hernández-Ortega, M., Ortiz-Moreno, A., Hernández-Navarro, M. D., Chamorro-

Cevallos, G., Dorantes-Alvarez, L., & Necoechea-Mondragón, H. (2012). 

Antioxidant, antinociceptive, and anti-inflammatory effects of carotenoids 
extracted from dried pepper (Capsicum annuum L.). Journal of Biomedicine and 

Biotechnology, 2012. https://doi.org/10.1155/2012/524019 

Kalaivani, C. S., Sathish, S. S., Janakiraman, N., & Johnson, M. (2012). GC-MS 
studies on Andrographis paniculata (Burm. f.) Wall. Ex Nees—a medicinally 

important plant. Int J Med Arom Plants, 2(1), 69-

74.  https://doi.org/10.1002/0471701343.sdp27767 
Koffi-Nevry, R., Kouassi, K. C., Nanga, Z. Y., Koussémon, M., & Loukou, G. Y. 

(2012). Antibacterial Activity of Two Bell Pepper Extracts:Capsicum annuumL. 
andCapsicum frutescens. International Journal of Food Properties, 15(5), 961–

971. https://doi.org/10.1080/10942912.2010.509896 

Levono & Prasad, M. (2017). GC-MS Profiling of Capsaicinoids Present in 
Capsicumchinense Jacq. cv. (Naga King Chili) and Evaluation of its Antifungal 

Activity. Asian Journal of Chemistry. 29(12), 2674-2678. 

https://doi.org/10.14233/ajchem.2017.20797 
Liao, X., Brock, A. A., Jackson, B. T., Greenspan, P., & Pegg, R. B. (2020). The 

cellular antioxidant and anti-glycation capacities of phenolics from Georgia 

peaches. Food Chemistry, 316, 126234. 
https://doi.org/10.1016/j.foodchem.2020.126234 

Lori, M., Symnaczik, S., Mäder, P., De Deyn, G., &Gattinger, A. (2017). Organic 

farming enhances soil microbial abundance and activity—A meta-analysis and 
meta-regression. PLOS ONE, 12(7), e0180442. 

https://doi.org/10.1371/journal.pone.0180442 

Lotter, D.W. (2003). Organic Agriculture.Journal of Sustainable Agriculture. 
21(4), 59-128. https://doi.org/10.1300/J064v21n04_06 

Ma, J., Xu, R.-R., Lu, Y., Ren, D.-F., & Lu, J. (2018). Composition, Antimicrobial 

and Antioxidant Activity of Supercritical Fluid Extract of Elsholtziaciliata. 

Journal of Essential Oil BearingPlants, 21(2), 556–562. 

https://doi.org/10.1080/0972060X.2017.1409657 

Maeder, P., Fliessbach A., Dubois, D., Gunst, L., Fried, P. & Niggli, U. (2002). 

Soil Fertility and Biodiversity in Organic Farming. Science, 296(5573),1694-1697. 
https//doi: 10.1126/science.1071148 

Madhok, B. M., Yeluri, S., Perry, S. L., Hughes, T. A., & Jayne, D. G. 

(2010). Dichloroacetate induces apoptosis and cell-cycle arrest in colorectal 
cancer cells. British Journal of Cancer, 102(12), 1746–

1752. https://doi.org/10.1038/sj.bjc.6605701 
Madhumathy, A.P., Aivazi, A.A., Vijayan, V.A. (2007). Larvicidal efficacy of 

Capsicum annum against Anopheles stephensi and Culex quinquefasciatus. 

Journal of vector borne diseases. 44(3),223-236. 
https://pubmed.ncbi.nlm.nih.gov/17896626/ 

Panneerselvam, P., Hermansen, J. E., & Halberg, N. (2010). Food Security of 

Small Holding Farmers: Comparing Organic and Conventional Systems in India. 
Journal of Sustainable Agriculture, 35(1), 48–68. 

https://doi.org/10.1080/10440046.2011.530506 

Barrita, J. L. S., & Sánchez, M. D. S. S. (2013). Antioxidant role of ascorbic acid 
and his protective effects on chronic diseases. In: Oxidative Stress Chronic 

Degener. Dis. Role Antioxid, 449, 450-484. https://doi.org/10.5772/52181 

Singh, R. (2000). Environmental consequences of agricultural development: a case 
study from the Green Revolution state of Haryana, India. Agriculture, Ecosystems 

& Environment, 82(1-3), 97–103. https://doi.org/10.1016/S0167-8809(00)00219-

X 
Sivakumar, R., Jebanesan, A., Govindarajan, M., & Rajasekar, P. (2011). 

Larvicidal and repellent activity of tetradecanoic acid against Aedes aegypti (Linn.) 

and Culex quinquefasciatus (Say.) (Diptera:Culicidae). Asian Pacific Journal of 
Tropical Medicine, 4(9), 706–710. https://doi.org/10.1016/S1995-7645(11)60178-

8 

Srinivasan, K. (2015). Biological Activities of Red Pepper (Capsicum annuum) 
and Its Pungent Principle Capsaicin: A Review. Critical Reviews in Food Science 

and Nutrition, 56(9), 1488–1500. https://doi.org/10.1080/10408398.2013.772090 

Wei, L. S., Wee, W., Yong Fu Siong, J., &Syamsumir, D. F. (2011). 
Characterization of antimicrobial, antioxidant, anticancer properties and chemical 

composition of Sauropusandrogynus stem extract. Acta Medica Lituanica, 18(1), 

12–16. https://doi.org/10.6001/actamedica.v18i1.1808 
Weil, M. J., Zhang, Y., & Nair, M. G. (2004). Colon Cancer Proliferating 

Desulfosinigrin in Wasabi (Wasabia japonica). Nutrition and Cancer, 48(2), 207–

213. https://doi.org/10.1207/s15327914nc4802_11 
Zewdie, Y., & Bosland, P. W. (2000). Evaluation of genotype, environment, and 

genotype-by-environment interaction for capsaicinoids in Capsicum annuum L. 

Euphytica, 111(3), 185-190. https://doi.org/10.1023/A:1003837314929 

http://www.apeda.gov.in/http:/apeda.gov.in/apedawebsite/organic/Organic_Products.htm
http://www.apeda.gov.in/http:/apeda.gov.in/apedawebsite/organic/Organic_Products.htm
https://pubs.acs.org/doi/pdf/10.1021/jf00077a032
https://doi.org/10.1017/S0007114514001366
https://scialert.net/abstract/?doi=rjmp.2016.265.275
https://doi.org/10.1016/j.ccr.2006.10.020
https://doi.org/10.3858/emm.2012.44.2.033
https://doi.org/10.33451/florafauna.v26i2pp191-196
https://doi.org/10.21273/HORTSCI.30.1.137
https://pubmed.ncbi.nlm.nih.gov/1954640/
https://doi.org/10.3389/fpls.2014.00375
https://www.fibl.org/fileadmin/documents/shop/1150-organic-world-2021.pdf
https://www.fibl.org/fileadmin/documents/shop/1150-organic-world-2021.pdf
https://doi.org/10.1155/2012/524019
https://doi.org/10.1002/0471701343.sdp27767
https://doi.org/10.1080/10942912.2010.509896
https://doi.org/10.1016/j.foodchem.2020.126234
https://doi.org/10.1371/journal.pone.0180442
https://doi.org/10.1300/J064v21n04_06
https://doi.org/10.1080/0972060X.2017.1409657
https://doi.org/10.1126/science.1071148
https://doi.org/10.1038/sj.bjc.6605701
https://pubmed.ncbi.nlm.nih.gov/17896626/
https://doi.org/10.1080/10440046.2011.530506
https://doi.org/10.5772/52181
https://doi.org/10.1016/S0167-8809(00)00219-X
https://doi.org/10.1016/S0167-8809(00)00219-X
https://doi.org/10.1016/S1995-7645(11)60178-8
https://doi.org/10.1016/S1995-7645(11)60178-8
https://doi.org/10.1080/10408398.2013.772090
https://doi.org/10.6001/actamedica.v18i1.1808
https://doi.org/10.1207/s15327914nc4802_11
https://link.springer.com/article/10.1023/A:1003837314929

