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Abstract: Silver nanoparticles were synthesised using peanut shell waste, to 

assess it’s effect on growth, biochemical and anti diabetic activity of Raphanus 

sativus L. The synthesized AgNPs were analyzed by various physicochemical 

techniques such as UV-Visible spectroscopy, Fourier transform infrared  

spectroscopy and Scanning electron microscopy.UV absorption showed a 

characteristic absorption peak of silver nanoparticles at 245nm.FTIR 

measurement was carried out to identify the possible Hydroxyl, carbonyl and CH 

groups The effect of silver nanoparticles  sprayed with a different concentration 

(25%, 50%)  led to increased the growth parameters,  biochemical activity such as 

photosynthetic pigment, folic acid, vitamin C contents and anti diabetic activity of 

radish plant. The concentration of 25% sprayed AgNPs was found to be the most 

effective in the growth of radish plants. 

Keywords: Peanut shell, silver nano particles, FTIR, SEM, plant growth, radish 

plant 

 

Introduction 

Groundnut is a nutritious leguminous crop, grown mainly for seed and oil 

worldwide. Groundnut shells are the leftover product obtained after the removal 

of groundnut seed from its pod and the abundant agro-industrial waste product 

which has a very slow degradation rate under natural conditions (Ahmed Moosa, 

Ali Mousa Ridha, Mustafa Hameed Allawi 2015). However, groundnut shells 

contain various bioactive and functional components which are beneficial for 

mankind. Commercially, it is used as a feedstock, food, filler in fertilizer and even 

in bio-filter carriers. But most of the deserted groundnut shells are burnt or 

buried resulting in environmental pollution (AL-Hachamii  M,  Baqir  SJ,  Aowda  

SA, Hussein  FA,  Alasedi  MK. 2010). Silver nanoparticles are the currently most 

produced engineered nanomaterials found in a wide range of commercial 

products. Silver nanoparticles have been implicated in agriculture for improving 
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cropsfor enhancing the plant growth (Aslani F, et al. 2014). The green synthesis 

approach has been subjected to a reliable, sustainable, and eco-friendly protocol 

to synthesize a variety of nanoparticle metal oxides and metal oxides in some 

cases under exposure to solar radiation to accelerate the synthesis of 

nanoparticles.  Nanotechnology has the potential to be a useful tool for delivering 

pesticides and fertilizers to the target site with accuracy and precision. 

Nanoparticles injected into plants could have a significant impact, in improving 

the plant growth and yield in agricultural applications (Baenas, N., Ferreres, F., 

García-Viguera, C., and Moreno, D. A. 2015). Appropriate concentrations of 

Silver nano particles  plays a crucial role in improving photosynthetic quantum 

efficiency and chlorophyll content  and enhancing seed germinations.and 

increasing water and fertilizer use efficiency.The development and continuous 

improvement of AgNPs to regulate plant growth, soil quality, diseases, 

agrochemical usage, and environmental degradation have substantially 

strengthened soil quality, crop yield, and ecosystem security, which contribute 

greatly to sustainable farming and agro-ecosystems (Chen Y.W., Lee H.V., Juan 

J.C., Phang S.-M. 2016). 

 Radish (Raphanus sativus L.) sprouts are widely consumed worldwide due to 

their nutritional content and antioxidant properties (Danish M, Altaf M, Robab MI, 

Shahid M, Manohara das S, Hussain SA, et al. 2021).  Radish was proposed as a 

model plant for the study of environmental stresses, mainly atmospheric 

contaminants but due to its short growing period, this plant has been considered 

as a model of edible roots for the study of the interaction of plants with soil 

contaminants (Davies JC .2009). Therefore, the aim of this work is to synthesize 

silver nanoparticles using peanut shell extract, an agricultural waste and study 

the impact of using AgNPs in increasing growth, biochemical activity, antidiabetic 

activity of radish plant. 

 

Materials and Methods 

Peanut shells 

Peanut [Arachis hypogaea L] shells were collected from Gummidipoondi local 

market, Tamilnadu, India. The peanut shells were thoroughly cleaned with distilled 

water to remove the contaminated contents and it was dried in sunlight.  

 

Aqueous extract preparation 

The dried peanut shell was grind into a fine powder using a mixer grinder and 

then stored in an air tight container for further use.  25g of powdered peanut shell 

was boiled for 15 mins.  The shell extract was cooled and filtered using a whatman 

No. 1 filter paper. 

 

Phytochemical screening of peanut shell extract ((Raaman N, 2006)) 

                      The different chemicals tests were performed for screening the 

phytochemical profile of the peanut shell extract using standard procedures. 



Scopus Indexed Journal                                                                                 March 2025 

 

 
 

44 

Biosynthesis of AgNPs ((Moosa et al. 2015)  

AgNO3 crystals were dissolved in double distilled water to prepare 1 mM AgNO3 

solution. The AgNO3 solutions were mixed with the peanut shell extract at a ratio 

of 150: 100 (v/v) The flask was wrapped with an aluminium foil and  then allowed 

to react in sunlight for 5 min. Samples were then monitored for the formation of 

AgNPs by monitoring the change in the color of the solution . 

 

Optical analysis of AgNPs by UV-visible spectrophotometer  

The synthesized AgNPs were subjected to optical measurements, which were 

carried out by using a UV-Vis spectrophotometer (UV PLUS) instrument and  

scanning the spectra between 200-800 nm. 

 

FTIR analysis 

FTIR analysis was performed to investigate the various functional groups of 

synthesized AgNPs. The FT-IR spectra of silver nanoparticles of peanut shell were 

measured by using IR Affinity-1 instrument. 

 

SEM analysis 

A  SEM is a type of electron microscope used to analyze the sample images with a 

focused beam of electrons. Scanning Electron Microscope (TESCAN VEGA3) was 

used for morphological analysis of silver nanoparticles. The size and shape of 

AgNPs were confirmed by the SEM. 

 

Impact of different concentration of AgNPs on the Raphanus sativus L. plant 

growth  

Seeds of radish plant were obtained from Green choice Nursery, Chennai .The 

seeds of radish plant was sterilized with 0.1% sodium hypochlorite for 5 min and 

then washed with distilled water twice. In this experiment, garden soil and river 

sand used, which was collected from the fields of Gummidipoondi, Tamilnadu, 

India. The soil was autoclaved for 20-25 min, before planting and the seeds were 

grown in the fibre bags.Different concentration (25%, 50%, 100%) of AgNPs 

emulsion were sprayed after 5 days of sowing. One set of plants without spraying 

of AgNPs served as control The experiment results were stopped 30 days of 

spraying silver nanoparticles . Samples ( radish leaves ) was taken after 30 days of 

sowing to study the crop performance in terms of growth parameters and to 

estimate the photosynthetic pigment (chlorophyll a, chlorophyll b, total 

chlorophyll and carotenoids) , folic acid , vitamin C contents and to study 

antidiabetic  activity. The quantitative estimation of chlorophyll-a, chlorophyll-b, 

and total chlorophyll of fresh radish leaves was carried out by the method of 

(Arnon,1949), while carotenoids were determined by following( Duxbury and 

Yentsch,1956; Macalacham and Zalik,1963) . Folic acid content of radish leaves 

were estimated using the method given by (Settaluri et al. 2015). Vitamin C 

content of radish leaves were estimated using the method of (Hachamii M et al. 
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2010). Antidiabetic activity of radish leaves were determined by using the method 

of (Hansawasdi Cet al. 2000). 

 

Results and discussion  

The phytochemical screening test showed that ethanol extract of peanut shell 

contains Tannin, flavonoid and saponin( Risha Fillah Fithria et al . 2019 ). 

Flavonoids and quinones were found positive in Arachis hypogaea shells extract 

(Bella Stevanny et al. 2020).  

 

Table 1: The results of Phytochemical screening of the shell extract of Arachis 

hypogae 

 

 

A  

B     

 

C 

 

Figure-1(A-C): Figures describing (A) Dried peanut shell, (B) Powdered 

peanut shell, (C) Boiled with dis.H2O  

 

Biosynthesis of silver nanoparticles 

In the present study, silver nanoparticles were synthesized using the aqueous 

extract of peanut (Arachis hypogaea L) shells. The formation of silver 

nanoparticles after 10 mins of the synthesis process, was visually confirmed by 

S.No     Phytochemical        Test      Result 

1.        Alkaloids Dragendroff’s test           _ 

2.        Terpenoids Salkowski test           + 

3.        PhytoSterols Libermann- Burchard,s 

test 

          + 

4.        Phenolic compounds Ferric chloride test           + 

5.        Flavonoids Alkaline reagent test           + 

6.       Tannins Lead acetate test           + 

7.       Glycosides Legal’s test           _ 

8.       Carbohydrates Molisch test           + 

9.       Quinones H2SO4 test           _ 

10.       Saponins Foam test           + 

11.       Proteins Xanthoproteic test           + 
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the colour change from yellow to dark brown colour as shown in the (Fig: 2). 

(Palanivel Velmurugan et al. 2015) has also reported the same colour change 

while in the synthesis of silver nanoparticles from Arachis hypogaea L shell.  

 

  A 

 

B     

 

C 

 

Figure-2(A-C): Figures describing (A) Shell extract + AgNO3, (B) Reaction of 

Shell extract + AgNO3 after 10 mins, (C) Reaction of Shell extract + AgNO3 

after 24 hrs 

 

Optical analysis of AgPs by UV-visible spectrophotometer  

UV visible absorption spectra for synthesized silver nanoparticle was observed. 

The reaction mixture of aqueous extract of peanut shell and the silver nitrate in the 

solution shows the colour change after 24 hours of incubation. The observed 

colour change of synthesized silver nanoparticle is due to the excitation of surface 

plasmon vibrations. The UV spectrum showed peak λ at 245 nm reveals the 

formation of silver nanoparticles (Fig,3). 

 

 
 

Figure 3: UV-VIS analysis of synthesized AgNPs 
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FTIR analysis 

FTIR were carried out to determine the potential functional groups of 

biomolecules that are responsible for the formation of AgNPs. (Fig,4) shows the 

FTIR spectra of AgNPs  derisved from peanut ( Arachis hypogaea L ) shell 

extract after reaction with AgNO3. The signal that appeared at 3272 cm-1 could 

be attributed to the hydroxyl group and the peak at 1634 cm-1  might be due to 

the C=Ostretching. The peak at 1545 cm-1 could be due to the C=C aromatic 

stretching.The other signals at 1382 cm-1, 1254 cm-1  and 1032 cm-1  belonged 

to the C-O-Cstretching,C-N stretching and Ag-Ostretching, respectively. 

 

 
Figure 4: FTIR analysis of synthesized AgNPs 

 

SEM analysis 

The morphology of the synthesized AgNPs of peanut shell was examined using 

SEM. The Size of the AgNPs of peanut shell from SEM analysis was found to be in 

the range of 47- 96nm (Fig:5).  
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Figure 5: SEM analysis of synthesized AgNPs 

 

Impact of different concentration of silver nanoparticles on the growth of 

radish plant (Raphanus sativus L) 

 

Plant growth 

AgNPs have been prepared from the peanut shell waste and their impact on the 

Raphanus sativas plant was studied (Fig:6,7).  The data presented in the (Table:2) 

shows the effect of different concentrations of AgNPs on the number of root hairs 

and length of arial, root, tuber parts of radish plants. Foliar application of radish 

plants with the concentration ( 25%, 50%) of AgNPs  increased all these growth 

parameters as compared with the untreated plant. At the concentration of 100 %  

AgNPs , all these growth parameters are decreased when compared to the control. 

The highest response in all the growth criteria was obtained by using 25% 

concentration of AgNPs. Higher concentration of silver nanoparticles has resulted 

in a reduction of biomass in the Arabidopsis plant, according to (Kaveh et al.2013) 

. (Thuesombatet al.2014) identified that increased AgNPs concentrations in 

jasmine rice decreased seed germination and subsequent seedling growth. 

(Sadak MS, 2019) founded that foliar application of silver nanoparticles at 

different concentrations (20, 40, and 60 mg/L) was found to increase the 

fenugreek plant growth parameters. (Monica RC andCremoniniR,2009) 

investigated that AgNPs were developed as plant-growth stimulators in 

agriculture. (Danish et al.2021) has studied synthesized silver nanoparticles using 

plants and found that the 50 ppm AgNP treatment in Trachyspermum ammi L. 

plant increased plant growth, biochemical, and antioxidant enzyme activities. 
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A B 

 

C  

 

D 

 

Figure-6(A-D): Figures describing Effect of silver nanoparticles on radish 

plant growth (after 15 days) (A) Control (without AgNPs), (B) 25% AgNPs, 

(C)50% AgNPs, (D) 100% AgNPs 

 

A 

 

A 

 

B B 

 



Scopus Indexed Journal                                                                                 March 2025 

 

 
 

50 

C 

 

C 

 

D 

 

D 

 

Figure-7(A-D): Figures describing Effect of silver nanoparticles on radish 

plant growth (after 30 days) (A) Control (without AgNPs), (B) 25% AgNPs, 

(C)50% AgNPs, (D) 100% AgNPs 

 

Table 2:  Effect of different concentration of AgNPs on growth criteria of 

radish plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biochemical parameters of radish plant leaves 

 

Estimation of chlorophyll and carotenoids 

Data in (Table:3) shows the response of photosynthetic pigments of radish plant 

leaves sprayed with different concentrations of AgNPs. The results revealed the 

significant increases in all photosynthetic pigment contents ( chlorophyll a, 

chlorophyll b, carotenoids and total pigments) of radish leaves in response to 

treatment with different concentrations ( 25%,50%) of AgNPs. Treatment with 

100% AgNPs decreased photosynthetic pigment contents, when compared with 

other two lower concentrations of AgNPs and untreated control. The most effective 

treatment was 25% of AgNPs as it gave the highest increases in all photosynthetic 

pigment. 

 

 

 

AgNPs  

(% ) 

Plant Growth  

Arialpar

t 

(cm) 

Root 

(cm) 

Root 

hair 

(cm) 

Tuber 

(cm) 

0 19.7 7 12 3 

25 24.1 11 17 7 

50 23 7.5 15 5 

100 18.2 6.5 9 2 
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Table3: Effect of different concentration of AgNPs on photosynthetic 

pigments of radish plant leaves 

AgNPs (%) Chlorophyll-

a (mg/g) 

Chlorophyll-

b (mg/g) 

 

Total 

chlorophyll 

(mg/g) 

Carotenoids 

(mg/g) 

0 0.404±0.003 0.465±0.003 0.852±0.002 0.271±0.001 

25 0.415±0.004 0.732±0.007 1.146±0.003 0.311±0.001 

50 0.406±0.001 0.602±0.003 1.007±0.004 0.285±0.001 

100 0.387±0.003 0.435±0.004 0.838±0.003 0.224±0.001 

Estimation of folic acid 

 (Table:4) shows the variation in folic acid content in response to spraying with 

different concentration of AgNPs. Spraying radish plants with different 

concentration of AgNPs significantly increased folic acid content in the leaves of 

radish plant. The treatment with 100% AgNPs decreased the content of folic acid 

in the leaves of radish plant, when compared with other two lower concentration 

of AgNPs and the untreated control. The most effective treatment was 25% of 

AgNPs as it resulted in the highest content of folic acid compared with the 

corresponding control plant. 

 

Table 4: Effect of different concentration of AgNPs on folic acid content of 

radish plants leaves 

 

 

 

 

 

 

 

 

Estimation of vitamin C 

(Table:5) shows the variation in vitamin C content in response to spraying with 

different concentration of AgNPs. Spraying radish plants with different 

concentration of AgNPs significantly increased the vitamin C content in the leaves 

of radish plant. The treatment with 100% AgNPs decreased the vitamin C content 

in radish plant leaves , when compared with other two lower concentration and 

untreated control. The treatment with 25% AgNPs was found to be the most 

AgNPs (%) FOLICACID 

CONTENT (µg/mg) 

0 101.78±1.09 

25 153.86±3.40 

50 110.67±1.45 

100 88.61±2.16 
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effective, as it resulted in the highest content of vitamin C in the radish plant 

leaves, when compared with the corresponding control plants. 

 

Table 5: Effect of different concentration of AgNPs on vitamin C content of 

radish plant leave 

 

 

 

 

 

 

 

 

 

 

 

 

 

Anti diabetic activity of radish plant leaves 

Alpha-amylase enzyme inhibition assay 

Diabetes mellitus is a metabolic disorder characterized by chronic 

hyperglycemia and type II is the major form of diabetes. The management of the 

blood glucose level is a critical strategy in the control of diabetes complications. 

The inhibition of carbohydrate hydrolyzing enzymes such as α-amylase can be an 

important strategy to lower postprandial blood glucose levels (Tundis et al.2010). 

In the present study, antidiabetic activity of radish leaves extract from different 

concentration of AgNPs treated and untreated plants was studied by using alpha-

amylase enzyme inhibition assay. The maximum α-amylase enzyme inhibition of  

25% AgNPs treated radish leaves extract was 76.08±1.32% , 50% AgNPs treated 

radish leaves extract was 67.95±1.08%, 100% AgNPs treated radish leaves extract 

was 55.08±2.67% and no AgNPs treated radish leaves extract was 65.50±2.49% at 

120 µg/mL concentration (Fig,8). The IC50 of different concentration (25%, 

50%,100%) AgNPs treated and untreated (no AgNPs) radish leaves extract was 

38.918, 64.322, 96.394 and 78.140 μg/mL concentration. 

 

 

 

 

 

 

 

 

 

AgNPs (%) Vitamin-C Content 

(mg/ml) 

0 0.24±0.01 

25 0.27±0.01 

50 0.26±0.01 

100 0.20±0.01 
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Figure 8: Effect of different concentration of AgNPs on antidiabetic activity of 

radish plant leaves 

 

Conclusion 

The present study has shown the biosynthesis route combination of silver 

nanoparticles from seed coat waste of peanut has received increasing attention 

due to the development of eco-friendly technologies in material science. The 

characterization with UV-Visible spectroscopy, FT-IR and SEM is the evidence for 

the formation of nanoparticles. The effect of silver nanoparticles on the radish 

plant has been shown to improve the growth of radish plant at lower concentration 

but higher concentration is toxic to the radish plant. Different concentrations 

(25%,50%) of AgNPs increased plant growth, photosynthetic pigments, folic acid, 

vitamin C contents, and invitro antidiabetic activity of radish plant leaves, when 

compared to the control. Among various concentration used in the study, spraying 

of 25% AgNPs emulsion was found to be the most effective treatment for the 

improvement in growth, biochemical activity, and  antidiabetic activity against 

alpha-amylase enzyme inhibition of radish leaves. 

 

 

References 

1. Ahmed Moosa, Ali Mousa Ridha, Mustafa Hameed Allawi. ( 2015). Green 

Synthesis of Silver Nanoparticles using Spent Tea Leaves Extract with 

Atomic Force Microscopy, International Journal of Current Engineering 

and Technology, Vol.5, No.5 

2. AL-Hachamii  M,  Baqir  SJ,  Aowda  SA,Hussein  FA,  Alasedi  MK. 

(2010). Determination of vitamin C (ascorbic acid) concentrationin 

some of commercial products, by redox titration.  J  Babylon  

University/Pure Appl Sci;18(3):917-24. 

0

10

20

30

40

50

60

70

80

20 40 60 80 100 120

%
 o

f 
in

h
ib

it
io

n

Concentration (µg/mL)

α-Amylase Enzyme Inhibition

Control 25% 50% 100%



Scopus Indexed Journal                                                                                 March 2025 

 

 
 

54 

3. Arnon D. 1949. Copper enzymes isolated chloroplasts, polyphenol 

oxidase in Beta vulgaris. Plant Physiology. 24: 1-15. 

4. Aslani F, Bagheri S, Julkapli NM, Juraimi AS, Sadat F, Hashemi G, (.2014) 

Effects of engineered nanomaterials on plants growth: an overview. Sci 

World J.:: 641759. 

5. Aslani F, Bagheri S, Julkapli NM, Juraimi AS, Sadat F, Hashemi G,( 2014). 

Effects of engineered nanomaterials on plants growth: an overview. Sci 

World J:641759. 

6. Azmir J, Zaidul IS, Rahman MM, Sharif KM, Mohamed A, Sahena F,(2013). 

Techniques for extraction of bioactive compounds from plant materials: 

a review. J Food Eng;117:426–36. 

7. Baenas, N., Ferreres, F., García-Viguera, C., and Moreno, D. A. (2015). 

Radish sprouts—characterization and elicitation of novel varieties rich 

in anthocyanins. Food Res. Int. 69, 305–312.  

8. Barrena R, Casals E, Colon J, Font X, Sanchez A, Puntes V. (2009). 

Evaluation of the ecotoxicity of model nanoparticles. Chemosphere 

75:850–857 

9. Bella Stevanny, Tungki Pratama Umar, Junoretta Ernanto, Rachmat 

Hidayat. (2020). Peanut (Arachis hypogaea) Shells Extract and Apis 

Dorsata Honey Reduce Matrix Metalloproteinase-3 in Monosodium 

Iodoacetate-Induced Osteoarthritic Rats, Journal of Biomedicine and 

Translational Research 6(3):74-78 

10. Chen Y.W., Lee H.V., Juan J.C., Phang S.-M. 92016).Production of New 

Cellulose Nanomaterial from Red Algae Marine Biomass Gelidium 

Elegans. Carbohydr.Polym. ;151:1210–1219.  

11. Danish M, Altaf M, Robab MI, Shahid M, Manoharadas S, Hussain SA, et 

al. (2021). Green synthesized silver nanoparticles mitigate biotic stress 

induced by meloidogyne incognita in Trachyspermum ammi (L.) by 

improving growth, biochemical, and antioxidant enzyme activities. ACS 

Omega;6:11389–403. 

12. Davies JC (.2009.) Nanotechnology oversight: an agenda for the new 

administration. Project on emerging technologies. Woodrow Wilson 

International Center for Scholars, Washington, DC. 

13. De Barros CH, Cruz GC, Mayrink W, Tasic L. (2018.) Bio-based synthesis 

of silver nanoparticles from orange waste: effects of distinct 

biomolecule coatings on size, morphology, and antimicrobial activity. 

Nanotechnol Sci Appl;11:1–14. 

14. Feregrino-Perez A.A., Magaña-López E., Guzmán C., Esquivel K.( 

2018).A General Overview of the Benefits and Possible Negative Effects 

of the Nanotechnology in Horticulture. Sci. Hortic ;238:126–137. 

15. Hansawasdi C, Kawabata J, Takanori K.(2000). α-amylase inhibitors from 

Roselle (Hibiscus sabdariffa Linn.) Tea. Biosci Biotechnol 

Bioche;64:1041–3. 

https://www.researchgate.net/journal/Journal-of-Biomedicine-and-Translational-Research-2503-2178
https://www.researchgate.net/journal/Journal-of-Biomedicine-and-Translational-Research-2503-2178


Scopus Indexed Journal                                                                                 March 2025 

 

 
 

55 

16. Hatami M, Ghorbanpour M.(2013).Effect of nanosilver on physiological 

performance of pelargonium plants exposed to dark storage. J. Hort. 

Res. 21:15–20 

17. Kaveh R, Li YS, Ranjbar S, Tehrani R, Brueck CL, Van Aken B 

(.2013).Changes in Arabidopsis thaliana gene expression in response to 

silver nanoparticles and silver ions. Environ. Sci. Technol. 47:10637–
10644 

18. Kaveh R, Yue-Sheng L, Ranjbar S, Tehrani R, Brueck CL, Aken BV. (2013). 

Changes in Arabidopsis thaliana gene expression in response to silver 

nanoparticles and silver ions. Environ Sci Technol (47):10637–44. 

19. Kostka-Rick, R., and Manning, W. J. (1993). Radish (Raphanus sativus L.): a 

model for studying plant responses to air pollutants and other 

environmental stresses. Environ. Pollut. 82, 107–138.  

20. Létondor, C., Pascal-Lorber, S., and Laurent, F.( 2015). Uptake and 

distribution of chlordecone in radish: different contamination routes in 

edible roots. Chemosphere 118, 20–28.  

21. Lu C, Zhang C, Wen J, Wu G, Tao M .(2002). Research of the effect of 

nanometer materials on germination and growth enhancement 

of Glycine max and its mechanism. Soybean Sci. 21:168–171 

22. M. Parveen, F. Ahmad, A. M. Malla, and S. Azaz. (2016). “Microwave-

assisted green synthesis of silver nanoparticles from Fraxinus excelsior 

leaf extract and its antioxidant assay,” Applied Nanoscience, vol. 6, no. 2, 

pp. 267–276. 

23. Ma, Y., Kuang, L., He, X., Bai, W., Ding, Y., Zhang, Z.,(.2010). Effects of rare 

earth oxide nanoparticles on root elongation of plants. Chemosphere 78, 

273–279.  

24. Monica RC, Cremonini R. Nanoparticles and higher plants. Caryologia. 

(2009). ;62:161–5. 

25. Palanivel Velmurugan  , Subpiramaniyam Sivakumar , Song Young-Chae  

, Jang Seong-Ho  , Yi Pyoung-In  , Suh Jeong-Min  , Hong Sung-Chul 

.(2015). Synthesis and characterization comparison of peanut shell 

extract silver nanoparticles with commercial silver nanoparticles and 

their antifungal activity. Journal of Industrial and Engineering Chemistry 

31:51-54. 

26. Pérez C, del Castillo ML, Gil C, Blanch GP, Flores G.(2015). Supercritical 

fluid extraction of grape seeds: extract chemical composition, 

antioxidant activity and inhibition of nitrite production in LPS-stimulated 

Raw 264.7 cells. Food Funct;6:2607–13. 

27. Raaman,N. (2006). Phytochemical techniques. New India Publishing 

Agency, New Delhi., 306. 

28. Risha Fillah Fithria1, Mella Dwi Krisdiana, Etika Muslimah, Sarif Musyafa, 

Nining Sugihartini.(2019).Anti-Tyrosinase Activity From Various Solvents 



Scopus Indexed Journal                                                                                 March 2025 

 

 
 

56 

Of Peanut Shell (Arachis Hypogaea L.) Extracts In Vitr0. Int J App Pharm, 

Vol 11, Special Issue 5. 

29. Sadak MS. (2019). Impact of silver nanoparticles on plant growth, some 

biochemical aspects, and yield of fenugreek plant (Trigonella foenum-

graecum). Bull Natl Res Cent;43:1–6. 

30. Settaluri, V. S.,( 2015). "Novel spectroscopic methods for determination 

of folic acid in pharmaceutical formulations." Biomedical and 

Pharmacology Journal 2.2 : 317-320. 

31. Sharma P, Bhatt D, Zaidi MG, Saradhi PP, Khanna PK, Arora S.(2012).Silver 

nanoparticle-mediated enhancement in growth and antioxidant status 

of Brassica juncea. Appl. Biochem. Biotechnol. 167:2225–2233 

32. Sheelendra, M.B., Shilpa.(2014). Bioethanol production from economical 

agro waste (groundnut shell) in SSF mode. Res. J. Pharmaceut. Biol. 

Chem. Sci. 5 (6), 1210–1218 

33. Thuesombat P, Hannongbua S, Akasit S, Chadchawan S. (2014). Effect of 

silver nanoparticles on rice (Oryza sativa L. cv. KDML 105) seed 

germination and seedling growth. Ecotoxicol Environ Saf;104:302–9. 

34. Tundis R, Loizzo MR, Menichini F. (2010) . Natural products as alpha-

amylase and alpha-glucosidase inhibitors and their hypoglycaemic 

potential in the treatment of diabetes: an update. Mini Rev Med 

Chem;10(4):315-31. 

35. V.K. Sharma, R.A. Yngard, Y. Lin. (2009). Silver nanoparticles: green 

synthesis and their antimicrobial activities Adv. Colloid Interface 

Sci., 145 (1-2) , pp. 83-96 

36. Vannini C, Domingo G, Onelli E, Prinsi B, Marsoni M, Espen L, Bracale 

M.(2013). Morphological and proteomic responses of Eruca 

sativa exposed to silver nanoparticles or silver nitrate. PLoS 

One 8:e6875 

37. Xiao, Z., Luo, Y., Lester, G. E., Kou, L., Yang, T., and Wang, Q. (2014). 

Postharvest quality and shelf life of radish microgreens as impacted by 

storage temperature, packaging film, and chlorine wash treatment. LWT-

Food Sci. Technol. 55, 551–558.  

38. Zheng, W., Phoungthong, K., Lü, F., Shao, L.M., He, P.J. (2013). Evaluation of 

a classification method for biodegradable solid wastes using anaerobic 

degradation parameters. Waste Manag. 33 (12), 2632–26 

 

 

 

 

 


