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10. A. Appendix 1 

List of Chemicals  

A F 

ABTS Fast green 

Acetic acid Ferrous chloride 

Acetone Ferric chloride 

Acetonitrile Ferrozine 

Acid ninhydrin Folin-ciocalteu reagent 

Acrylamide Formic acid 

Ammonia G 

Ammonium bicarbonate Gallic acid 

Ammonium persulphate Gibberellic acid 

Arnow’s reagent Glacial acetic acid 

Ascorbic acid Glutathione 

Azure B Glutathione reductase 

B Glycine 

Benzyl adenine H 

Bovine serum albumin HCL 

Bradford reagent Hydrogen peroxide 

Bromophenol Blue Hydroxylamine hydrochloride 

BHT I 

C Indole Acetic Acid 

1-chloro-2,4-dinitrobenzene Iodine 

Calcium Chloride K 

Catechol Kinetin 

Chloroform KOH 

Coomassie Brilliant Blue L 

D Lactic acid 

Diethyl pyrocarbonate M 

Dinitrosalicyclic acid Methanol 

Dithiotreitol (DTT) N 

DPPH N’N’-bis-methylene-acrylamide 

E Nicotinamide adenine dinucleotide  

EDTA Nitroblue tetrazolium chloride 

Ethanol Nutrient agar 

Evan's blue Nutrient broth 
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P 

Phenazine methosulfate 

Phloroglucinol-HCL 

potassium hydroxide 

Potassium iodide 

Potassium phosphate 

Putrescine 

Q 

Quercetin 

S 

Safranin 

Salicylic acid 

Silver nitrate 

Silver thiosulphate 

Sodium azide 

Sodium carbonate 

Sodium dodecyl sulphate 

Sodium hydroxide 

Sodium molybdate 

Sodium nitrite 

Sodium nitroprusside 

Sodium phosphate 

Sodium potassium tartrate 

Sucrose 

Sudan III 

Sulphanilamide 

Sulphuric acid 

Superoxide 

T 

Thiobarbituric acid 

Thiourea 

Tocopherol 

Toluene 

Tri-chloroacetic acid 

Trisol 

Trypsin 

U 

Urea 
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10. B. Appendix 2 

Abbreviations & Symbols 

A   

ABTS
+
 2, 2-azino-bis 3-ethylbenzthiazoline-6-sulphonic acid 

Ag
+
 Silver ion 

AHC Agglomerative Hierarchical Clustering 

ANOVA Analysis of variance 

APX Ascorbate Peroxidase 

ATCC American Type Culture Collection 

B   

bp Base Pair 

BP Biological Process 

BSA Bovine Serum Albumin 

C   

C Carbon 

CAT Catalase 

CC Cellular Component 

CFU Colony Forming Unit 

Cl Chlorine  

cm Centimetre 

CPM Counts Per Million 

D   

ddH2O Double distilled water 

dH2O Distilled Water 

DPPH 2, 2-diphenyl-1-picrylhydrazyl 

E   

ERR Effective Rearing Rate 

F   

FC Fold Change 

FDR False Discovery Rate 

G   

g Gravity 

GI Growth Index 

gm Gram 

GO Gene Ontology 

GPOX Glutathione Peroxidase 

H   

H2O2 Hydrogen Peroxide 
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hr Hour 

hrs Hours 

I   

IC50 Half maximal inhibitory concentration 

J   

JCPDS Joint Committee on Powder Diffraction Standards 

K   

kV Kilovolt 

L   

lux Unit of Illumination 

M   

M Molar 

MC Metal chelating 

MF Molecular Function 

MIC Minimum Inhibitory Concentration 

min Minute 

ml Millilitre 

mM Millimolar 

MR Mortality Rate 

N   

N Normal 

NCBI National Centre for Biotechnology Information 

NO Nitric oxide 

O   

O Oxygen 

O2
•−

 Superoxide  

OHR-LCMS 
Orbitrap High Resolution Liquid Chromatography Mass 

Spectrometry 

P   

PAGE Polyacrylamide Gel Electrophoresis 

PC1 Principal Component 1 

PC2 Principal Component 2  

PCA Principle Component Analysis 

PDI Polydispersity Index 

POD Peroxidase 

ppm Parts Per Million 

PS I Photosystem I 

PS II Photosystem II 

R   

RNA Ribonucleic acid 

ROS Reactive oxygen species 

RT-PCR Real Time Polymerase Chain Reaction 



659 
 

S   

S Sulphur 

SCW Single Cocoon Weight 

SDS  Sodium Dodecyl Sulphate 

SO Superoxide 

SOD Superoxide Dismutase 

SR Shell Ratio 

SRA Sequenced Read Archive 

SSRs Single Sequence Repeats 

SSW Single Shell Weight 

    

Symbols   

% Percent 

~ Approximation 

˚C Degree Celsius  

Å Angstrom 

v/v Volume by Volume Ratio 

μl Microliter 

μm Micrometer 

μM Micromolar 
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10. C. Appendix 3 

Index  

A  

ABTS+ 55, 84, 85, 92, 93, 159, 162, 219, 502, 517 

ANOVA 76, 96, 111, 133 

APX 3, 63, 95, 219, 514, 516, 547, 550 

Ascorbic acid  3, 6, 31, 58, 84, 86, 95, 159, 224, 516, 517, 547 

Azure B 104, 105, 261, 267 

B  

Benzyl adenine  77, 137, 497 

Bradford reagent 104, 105, 261 

C  

Carotenoids 3, 95, 224, 517, 522, 524, 547, 550 

Catalase 3, 60, 62, 93, 103, 112, 238, 246, 247, 485, 520, 521, 522, 

545 

Chlorophyll  3, 22, 39, 57, 59, 60, 61, 64, 75, 89, 90, 137, 202, 206, 209, 

213, 254, 361, 465, 496, 505, 511, 512, 513, 514, 521, 522, 

532, 533, 550 

Correlation matrix 133, 219, 229, 495 

Cytoscape 108, 109, 359, 360, 533 

D  

DLS 44, 52, 83, 87, 88, 154, 169, 170, 182, 186, 195, 501, 507, 

509 

DPPH 55, 84, 92, 93, 159, 162, 219, 501, 517 

E  

EDX 52, 82, 149, 499 

ERR 111, 464, 465, 541 

FESEM 82, 149 

F  

Flavonoid  96, 224, 492, 517 

FT-IR  45, 80 

G  

Gel electrophoresis  8, 62, 63, 97, 98, 99, 107, 112, 229, 247, 470, 518 

Gibberellic acid  77, 437, 496 

GPOX 3, 94, 219, 514, 516, 547, 550 

Growth index 110, 464, 512 

GSR 94, 219, 514, 516, 547, 550 

GST 94, 219, 514, 516, 547, 550 

H  

Heat map 106, 274, 294, 528 
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HR-TEM 82, 149 

Hydrogen peroxide  3, 45, 60, 91, 94, 95, 106, 137, 213, 238, 173, 295, 423, 520, 

524, 535, 536,545 

I  

Illumina sequencing 64, 107, 280 

Indole acetic acid  77, 137, 496 

Isozymes 102, 103, 112, 246, 551 

K  

Kinetin 77, 137, 497 

L  

Lipid peroxidation 61, 62, 91, 92, 513, 514, 535, 545, 547 

M  

MCODE 108, 361, 362, 534, 536, 537, 538, 539 

Metal chelating  84, 85, 86, 92, 159, 219, 502, 517 

Mortality rate 2, 110, 111, 464, 465, 493, 510, 512, 542, 544, 545, 551 

N  

NADPH oxidase  63, 103, 112, 246, 519, 520 

NCBI 108, 180, 282, 294 

Nitric oxide  84, 85, 92, 93, 159, 497, 502 

O  

OHR-LCMS  100, 102, 112, 238, 481, 518, 521, 534, 545 

Orthodihydric phenol  96, 517 

Oxidative stress  55, 60, 61, 106, 246, 361, 362, 423, 424, 492, 502, 511, 512, 

516, 521, 522, 535, 536 

P  

Phloroglucinol-HCl  104, 105, 267 

Plant Metabolic Network 108, 283 

Plant NR database  108, 282, 531 

Proline 59, 91, 96, 213, 518, 535,  

Putrescine 77, 79, 497 

R  

Reducing sugar  91, 137, 213, 518, 536 

RT-PCR 109, 110, 458 

S  

Salicylic acid  77, 79, 423, 497, 538 

SCW 110, 461, 465, 543 

SDS PAGE 16, 62, 63, 97, 102, 112, 229, 519 

SEM 44, 52, 53, 81, 149, 270, 428, 499 

Shell ratio 110, 464, 465, 542 

Silk gland 1, 15, 16, 19, 62, 63, 112, 470, 481, 485, 519, 540, 541, 543, 

544, 545, 546, 549, 551 

Silver thiosulphate  4, 77, 79, 137, 497, 498 
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Sodium nitroprusside  77, 79, 85, 93, 497 

SSW 110, 461, 464, 465, 543 

STRING 102, 108, 238, 359, 360, 481, 521, 533 

Sudan IV 104, 105, 267 

Superoxide 3, 60, 84, 85, 91, 92, 93, 159, 502, 520, 522, 535, 541, 544 

Superoxide dismutase  3, 60, 62, 93, 103, 247, 361, 424, 520, 536, 545 

T  

TEM 44, 82, 53, 88, 149 

Total glutathione  95, 224, 516 

Total phenol  96, 224, 517 

Total soluble sugar  91, 137, 213, 518, 535 

Transcriptome 8, 64, 107, 108, 280, 282, 283, 258, 430, 431, 434, 436, 440, 

447, 451 

U  

UV-Vis spectrophotometer 80, 84, 86, 88, 89, 90, 91, 94, 109, 145, 156, 169, 170, 179, 

182, 186, 191, 498, 504, 506, 507, 510 

X  

XRD 44, 52, 53, 154, 500, 501 

Xylem blockage 57, 104, 260, 261, 270, 273, 274, 497, 523, 524, 539, 550 

Z  

Zeta potential  52, 54, 84, 87, 88, 154, 169, 170, 182, 186, 191, 501, 504, 

508, 509 
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Use of biogenic silver nanoparticles 
in enhancing shelf life of Morus alba 
L. at post harvest stage
Dipayan Das1 & palash Mandal2 ✉

Morus alba is one of the most important cultivated crop in indian sub-continent contributing towards 
production of silk fibre that carries economic importance worldwide. Post harvest preservation of M. 
alba leaves is a challenging factor as decrease in concentration of essential metabolites that needed 
for silk gland development takes place. Decrease in chlorophyll, protein, sugar concentration and 
increase in accumulation of free radicals and RoS takes place at post harvest stage of preservation, 
putting negative impact on larval development indicated by high mortality rate. Silver nitrate and 
nanosilver solution acts as an effective preservative, enhances the activity of enzymatic and non-
enzymatic antioxidants thereby reducing the harmful effect of accumulated free radicals and ROS. The 
effectiveness of nanosilver solution was found to be on the upper site without any significant difference 
than silver nitrate, as higher retention of primary metabolites like pigments, proteins, and sugar takes 
place. the impact of feeding nanosilver preserved leaves on silkworm was found on the positive trend as 
larval growth rate, cocoon weight, shell weight, effective rate of rearing was observed almost same to 
the larvae fed with fresh leaves.

Morus alba an economically important crop, placed by Bentham and Hooker under the family Moraceae. M. alba 
leaves are used for feeding monophagous insect silkworm, which produces raw silk contributing towards world 
economy. Development of silk gland and production of quality silk depends upon leaf protein content. Indeed 
larvae act as an intermediate agent converting leaf protein into silk fibre1. Deviation in leaves nutrient quality puts 
significant impact over larval growth and cocoon formation2.

Silk industry was an agro-based labour intensive industry which generates high employment among rural 
peoples3. Practice of silkworm rearing consists of two important activities: (1) cultivation of M. alba, for fresh 
leaves and (2) rearing of silkworm. Rearing is an indoor practice while cultivation of M. alba leaves is an outdoor 
practice, requiring an open land. Thus rearing practice remains restricted to those farmers those bears marginal 
to small scale lands4. Landless farmers generally migrate from one garden to another or move to urban areas in 
search of work leaving the traditional practice. Some farmers even purchase leaves from others gardens4 but reg-
ular purchasing of leaves and its carrying cost increases the overall cost of production. Preservation by retaining 
the leaf quality on purchasing the leaves once in a while may serve as a solution to this problem.

Wilting, discolouration, senescence, high respiration rate, decay and microbial growth are the main cause 
which limits postharvest extension of shelf life. Fresh leaves are live and are subjected to environmental and 
physiological variables leading to changes in preharvest and postharvest quality5,6. Microbial proliferation causes 
rapid senescence and degradation of macromolecules by rising ROS and free radical percentage7. Decolouration 
by chlorophyll degradation resulting in yellowing of leaves is the most conspicuous indicative phenomenon of leaf 
senescence7. It has been reported that many internal and external factors are generally involved in leaf chlorophyll 
preservation8,9. In presence of light, leaf chloroplast was the major site for ROS generation and during senescence 
disassembly of photosynthetic apparatus causes disturbance of reducing equivalents of electron chain resulting 
enhancement in ROS accumulation10. Excessive ROS accumulation causes cellular damage, evident by degrada-
tion of pigment, proteins, lipids, carbohydrates and even nucleic acid11. To overcome oxidative injury, plant causes 
detoxification of excess generated ROS by activating enzymatic and non-enzymatic enzymological activities12. 
ROS scavenging activity was triggered by the activity of the enzymes like superoxide dismutase (SOD), catalase 
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(CAT), glutathione peroxidase (GPOX), ascorbate peroxidase (APX) which works in a coordinated fashion con-
verting superoxide (O2

•−) to hydrogen peroxide (H2O2) and finally to H2O13,14. Glutathione, ascorbic acid, carote-
noids are mainly involved in non-enzymatic antioxidant activities. Glutathione helps in the generation of ascorbic 
acid which detoxify O2

•− inside chloroplast15, whereas carotenoids protects photosynthetic apparatus from stress 
mediated damages16. Phenolics are also classified as non-enzymatic antioxidants which nullifies the toxic effect 
of free radicals17.

With implementation of stress, auto-activation of defensive enzymatic and non-enzymatic molecules takes 
place. But at post harvest stage with increase in days of preservation these defensive activities decreases. Presence 
of elicitor or preservative may prolong the shelf life by up-regulating the defensive pathways. Silver nitrate (SN) 
was the most applied silver salt as preservative in the field of horticultural crop, as they inhibit microbial prolif-
eration, preventing vascular occlusion18. The impact of SN in prolonging vase life of rose19, tuberose20 has been 
well documented. It has been reported that there might be the possibility of SN causing toxicity to living organ-
ism21, putting a backward thrust towards its application. Nanosilver (NS) may serve as an alternate option as it 
has lowest toxic effect than any other silver forms22. In comparison to ionic form of silver, nanosilver have highly 
developed surface area making it more reactive, besides this its physico-chemical property allows to interact with 
living cell differentially23. Nanosilver at low concentration may act as an effective preservative which not only pre-
vents microbial growth24,25, maintaining xylem integrity but also activates protective enzymological activities26. 
Implementation of NS as preservatives has been reported to extend the shelf life of Dianthus27, Chrysanthemum28, 
tulip29,  Gerbera30. However most of the preservative aspects of SN and NS have been reported to extend shelf life 
of economically important flowering twigs, almost no report was obtained that describes their ability to preserve 
postharvest leaf samples.

Current study was conducted assuming the hypothesis that biosynthesized silver nanoparticles will bear the 
ability to extend the shelf life of S1 cultivar of M. alba leaves at postharvest stage. In the current study three 
attempts were made, first to investigate the effect of NS as preservative solution, in extending shelf life of M. alba 
leaves by retaining valuable metabolite concentration; secondly a comparative aspect of two preservative solu-
tions, NS and SN; and lastly whether there is any adverse effect of feeding preserved leaves on silkworm rearing 
system.

Results
Synthesis of silver nanoparticles and its characterization. Initial confirmation of nanosilver 
formation was obtained by observing the colour change of the solution from transparent to blackish brown. 
Confirmatory validation was done through UV–Visible spectrophotometer which showed plasmon peak at 
~441 nm. Synthesized nanoparticles were spherical in shape with size distribution range from 12–39 nm, as 
revealed by TEM analysis. FT-IR spectra showed almost similar peak positions of biosynthesized nanosilver and 
plant extract used for biosynthesis. The FT-IR absorption peak at 3422.98, 2929.71, 1625.90, 1382.88, 1053.07 
and 921.92 cm−1 corresponds to –OH stress of phenols and alcohols and N–H vibrational stretching, –CH2 and 
–CH3 vibration, C–N vibration of amide I band, C-N vibrational stress, C–O– and C–OH vibration of protein 
and carbohydrate, and C–C bond of branch alkanes respectively. Four major 2θ peaks at 38.312°, 44.402°, 64.579°, 
77.547° were obtained from X-ray diffraction pattern which corresponds to (hkl) values of (111), (200), (220), 
(311) of Bragg’s reflection plane. Electron diffraction (SAED) pattern showed bright diffraction spots of hkl value 
corresponds to (111), (200), (220), and (311) (Fig. 1).

changes in primary metabolites and proline content. With increase in days of preservation, the con-
centration of total chlorophyll, total soluble protein, total and reducing sugar decreases and that of free proline 
content increases (Fig. 2). In distilled water set a greater increase in proline content and greater decrease in con-
tent of total soluble protein and other primary metabolites was observed. Leaves preserved in SN and NS solution 
showed a lower magnitude of increase in free proline content and less depletion in soluble protein and other 
primary metabolites. Leaves preserved in NS solution exhibited greater retention of primary metabolites than 
distilled water set (p ≤ 0.05).

Changes in reactive oxygen species and MDA content. The contents of H2O2, O2
•−, and MDA 

increased rapidly in distilled water set than in leaves preserved in NS and SN solution (Fig. 3). The magnitude of 
increase of these substances in leaves preserved in NS solution showed significant negative difference in compar-
ison to distilled water set (p ≤ 0.05). Overall increase in ROS and MDA content was higher in leaves preserved in 
SN solution than NS solution but lesser than distilled water without any significant difference (p ≤ 0.05) except for 
H2O2, which exhibited large significant (p ≤ 0.05) increase in distilled water set. Increase in ROS and MDA con-
tent with increase in days of preservation bears negative correlation with primary metabolite content (p ≤ 0.01) 
and positive correlation with proline and antioxidant activity (p ≤ 0.01 and 0.05) (Fig. 4).

changes in free radical scavenging activities, and metal chelating activity. With increase in days 
of preservation free radical scavenging activity increased in leaves preserved with NS and SN solution as revealed 
by decreased in IC50 values, while reverse trend was observed in distilled water set (Fig. 5). In distilled water set 
high magnitude of decrease in DPPH and SO scavenging activity was observed from 4DS onwards. Changes in 
DPPH scavenging activity with increase in days of preservation in NS and SN solution differs significantly with 
the observed changes in distilled water set (p ≤ 0.05). Significant difference was also observed for ABTS scaveng-
ing activity between leaves preserved in NS solution as compared to distilled water preservation (p ≤ 0.05). The 
correlation matrix showed negative significant correlation (p ≤ 0.01 and 0.05) between free radical scavenging 
activity and primary metabolite content, but the correlation was actually positive because free radical scavenging 
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activity was expressed in terms of IC50. Leaves preserved in distilled water showed greater metal chelating activity 
than leaves preserved in NS and SN solution without any significant difference.

Changes in enzymatic antioxidant activities. As days of preservation increases, an escalating trend 
in enzymatic antioxidant activity was observed (Fig. 6). A rapid increase in GSR, GST, and APX activity was 
observed in distilled water set up to 4DS, after which gradual decrease in activity takes place, except for GPOX 
which maintained a linear increasing trend till last day. While SOD activity showed declining trend from day one 
of preservation. Antioxidant enzymatic activity of leaves preserved in NS and SN solution increases gradually, 
reaching a maximum at 6DS, after which drop in activity in CAT, and GST was observed for SN. Broadly, antioxi-
dant enzymatic activity in leaves preserved in NS and SN solution increases with days of preservation without any 
significant difference (p ≤ 0.05) between the two preservatives. Correlation matrix reveals that with increase in 
concentration of secondary metabolites, increase in enzymatic antioxidant activity takes place (p ≤ 0.01 and 0.05).

Changes in non-enzymatic antioxidant activities. An increase in content of total glutathione was 
observed from early days, in leaves preserved in NS, reaching a maximum on 6DS, after which rapid decline 
takes place (Fig. 7). In distilled water set decrease in content of total glutathione was observed after 4DS. Leaves 
in NS and SN solution showed significant (p ≤ 0.05) higher ascorbic acid content than distilled water set, where 

Figure 1. Characterization of phyto-synthesized silver nanoparticles through (A) UV-Visible 
spectrophotometer, (B) fourier transform infrared spectroscopy, (C, D) transmission electron microscopy and 
size distribution, (E) X-ray diffraction analysis, and (F) selected area electron diffraction.
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decrease content takes place from 1DS of preservation. Decrease in carotenoids content was observed from 4DS 
onwards in all the preservative solutions, with maximum magnitude of decrease in distilled water followed by SN. 
Leaves preserved in NS showed significant (p ≤ 0.05) retention of carotenoids with increase in days of preserva-
tion in relation to distilled water preservation. Increase in ascorbic acid activity in preserved leaves plays a signif-
icant (p ≤ 0.01) role in retention of chlorophyll, protein, and sugar content as revealed from correlation matrix.

Figure 2. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) total chlorophyll, (B) total protein, (C,D) total and reducing sugar, and (E) proline content. Effect 
of preservative solutions on M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 7D. The 
results were expressed as Mean ± SDEV, n = 3.
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changes in polyphenol contents. The concentration of polyphenol increases with increase in days of 
preservation (Fig. 8). Significant difference (p ≤ 0.05) in phenol content was observed between initial and final 
day of preservation. In NS and SN set increase in phenol content was observed till last day, with greater increase 
in NS than SN, while in distilled water set decrease in content was observed on the last day. Almost similar trend 
of changes was noticed for ortho-dihydric phenol content without any significant difference (p ≤ 0.05) between 
preservative solutions. In distilled water set a greater increase in flavonoid content takes place till 4DS, after which 
a greater decrease was noted, while in NS and SN set increasing trend was observed till last day without any sig-
nificant difference (p ≤ 0.05).

changes in rearing data collection. A significant decrease in growth index was observed when fifth instar 
larvae was fed with leaves preserved in distilled water (Fig. 9). Decrease in GI reaches up to ~71% when fed with 
7DS preserved leaves. On feeding leaves preserved with NS and SN decrease in GI was negligible in comparison 
with fresh leaves, with maximum decrease takes place on feeding 7DS preserved leaves which was ~2% and ~6% 
respectively. Significant (p ≤ 0.05) difference was observed on comparing GI of larvae fed with leaves preserved in 
NS and distilled water. It was observed from correlation analysis that greater the retention of primary metabolite 
(p ≤ 0.01) along with lesser the accumulation of free radicals (p ≤ 0.01) in leaves better was the GI.

After the larvae stops spinning, a significant decrease in SCW and SSW was observed from the larvae fed 
with 4DS, 6DS and 7DS distilled water preserved leaves, with maximum decrease on feeding 7DS preserved 
leaves ~78% and ~88% respectively. Larvae fed with leaves preserved in NS and SN showed significant (p ≤ 0.05) 
retention of SCW and SSW. More over larvae fed with leaves preserved in NS solution showed higher retention 
of SCW and SSW than larvae fed with leaves preserved in SN solution. Significant (p ≤ 0.01) positive relationship 
was observed between the concentration of chlorophyll, protein, sugar present in the leaves and cocoon produced 
by the larvae. Shell ratio of larvae fed with leaves preserved in NS solution was observed to be more elevated than 
larvae fed with leaves preserved in SN and distilled water solution.

Figure 3. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) hydrogen peroxide, (B) superoxide, and (C) malondialdehyde content. Effect of preservative 
solutions on stress content of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 7D. The 
results were expressed as Mean ± SDEV, n = 3.
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The ERR of larvae depends on the amount of stress imposed on leaves with increase in days of preservation in 
different preservative solutions. It was observed that reduction in ERR was less in larvae fed with leaves preserved 
in NS solution, with maximum reduction of ~7%. Consequently larvae fed with leaves preserved in distilled water 
and SN solution showed maximum reduction of 92% and 24% respectively.

A gradual increase in mortality rate was observed on feeding larvae with leaves preserved with distilled water, 
with maximum mortality of ~93% on feeding with 7DS leaves. Consequently larvae fed with leaves preserved 
in NS and SN solution showed high survival rate, with maximum mortality of ~13% and ~30% respectively on 
feeding 7DS preserved leaves.

Discussion
The prime challenge faced during leaf preservation was the gradual appearance of senescence with increase in 
days of preservation. Senescence was primarily characterized by breakdown of photosynthetic pigments resulting 
in gradual reduction in photosynthetic rate and photosynthesis: respiration ratio31. Beside this, differences which 
were observed on feeding senescence leaves include low growth index, decrease in cocoon and shell weight, and 
high larval mortality. Several senescence retardation mechanisms were adopted by the leaves and it’s up and down 
regulation in presence of silver nitrate and nanosilver was evaluated for determining their efficacy. In presence of 
silver nitrate and nanosilver up-regulation of enzymatic and non-enzymatic antioxidant activity and decreasing 
ROS content was observed which eventually resulted in extension of post harvest shelf life.

Our result indicated significant decrease in chlorophyll content in distilled water preserved leaves with 
increase in days of preservation. Decrease in chlorophyll content directly links with less chlorophyll biosynthesis8 
due to the activation of the enzyme chlorophyllase32. We observed significant negative correlation (p ≤ 0.01) 
between chlorophyll degradation and generation of ROS. With increase in days of preservation, excessive accu-
mulation of O2

•− and H2O2, generates oxidative stress. The major site for ROS generation in leaves was chloro-
plast33. During senescence photosynthetic efficiency decreases, as a consequence CO2 fixation reduces and ROS 
generation increases using the unutilized energy of the chloroplast34. It was reported that senescence causes chlo-
roplast isolation and generation of O2

•− through reduction of O2 via photosynthetic electron transport chain35 
and consequently by the action of the enzyme superoxide dismutase, the generated O2

•− get converted into 
H2O2

36. Generated ROS was capable of causing oxidative damage to proteins, carbohydrates, lipids, and nucleic 
acids, while excessive ROS accumulation leads to programme cell death37,38. O2

•−, H2O2 generation in our study 
showed direct correlation with the increase in content of MDA. MDA is considered as an indicator of stress39 
associated with cell and organelle damage40. Multiple regression analysis of positive and negative correlated 
parameters associated with chlorophyll (Table 1) content indicated the major involvement of MDA during stress 

Figure 4. Two tailed Pearson correlation representing interrelationship among the post-preservative quality 
detecting parameters and rearing parameters. Significance level was indicated by “**” and “*” indicating 
correlation was significant at the 0.01 and 0.05 level (2-tailed) respectively. The abbreviation used means 
the following: TC= total chlorophyll, TP=total protein, PRL= proline, TS= total sugar, RS= reducing 
sugar, H2O2= hydrogen peroxide, SOC= superoxide content, MDA= malondialdehyde, SOS= superoxide 
scavenging, NO= nitricoxide, MC= metal chelating, CAT= catalase, GSR= glutathione disulfide reductase, 
GPOX= glutathione peroxidase, GST= glutathione S-transferase, APX= ascorbate peroxidase, SOD= 
superoxide dismutase, CAR= carotenoids, AA= ascorbic acid, TG= total glutathione content, PHNO= phenol, 
OP= ortho-phenol, FLV= flavonoid, GI= growth index, SCW= single cocoon weight, SSW= single shell 
weight, SR= shell ratio, ERR= effective rate of rearing, MR= mortality rate.
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in chlorophyll degradation. Our outcome was supported by the earlier works, indicating increase in lipid peroxi-
dation causes degradation of chlorophyll41,42. Rajinder et al.43 reported that decrease in chlorophyll content during 
leaf senescence was due to the lipid peroxidation of chloroplast membrane. However leaves preserved in NS solu-
tion showed significant (p ≤ 0.05) retention of chlorophyll content than distilled water set. Our result suggest that 
NS and SN both acts as an effective preservative by preventing ROS generation, lipid peroxidation and retention 
of chlorophyll content. In comparison to distilled water, SN showed high efficacy in nullifying generation H2O2 

Figure 5. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) diphenyl-1-picrylhydrazyl, (B) 2,2-azino-bis 3-ethylbenzthiazoline-6-sulphonic acid, (C) 
superoxide, (D) nitric oxide, and (E) metal chelating activity. Effect of preservative solutions on antioxidant 
activity of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 7D. Smaller the IC50 value 
more was the antioxidant activity. The results were expressed as Mean ± SDEV, n = 3.
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(p ≤ 0.05), while NS was proven to be more effective preservative showing its potential in checking O2
•−, and 

H2O2 generation, and lipid peroxidation (p ≤ 0.05). Prevention of ROS generation helps in preventing plastid 
membrane peroxidation and thus maintaining chlorophyll content, extending the shelf life.

Leaves preserved in NS and SN displays appropriate oxidative stress tolerance strategy by enhancing anti-
oxidant enzymological activity. SOD converts O2

•− into H2O2
13, present study demonstrated gradual increase 

in SOD in leaves preserved with NS solution, while reversed trend was observed in distilled water preserved 
leaves. CAT, APX and GPOX are primarily synthesized by the plant for scavenging excess H2O2 produced by the 

Figure 6. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) superoxide dismutase, (B) catalase, (C) ascorbate peroxidase, (D) glutathione S-transferase, 
(E) glutathione peroxidase, and (F) glutathione disulfide reductase content. Effect of preservative solutions 
on antioxidant enzymatic activity of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 
7D. Larger the content, greater was the defensive activity, less was the stress accumulation. The results were 
expressed as Mean ± SDEV, n = 3.
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activity of SOD14. Current study showed an increasing trend of CAT, APX and GPOX activity with increase in 
days of preservation in NS and SN set. While CAT activity increases in leaves preserved in NS and SN up to 6DS, 
in distilled water preserved leaves CAT activity fails to enhance during preservation, indicating its inability to 
nullify the toxic effect of H2O2. Similar results were obtained by application of nitrogenous compound on rose 
and Chrysanthemum cut flower9,31. Moreover CAT activity showed direct correlation with chlorophyll content 
(p ≤ 0.05), indicating H2O2 detoxification by CAT activity helps in chlorophyll retention with increase in days of 
preservation. APX and GPOX activity also showed increasing trend till the last day of preservation in NS and SN 
set. In distilled water set APX activity increases up to 4DS after which rapid decrease in activity was noted, while 
GPOX activity was much higher than leaves preserved in NS and SN solution till the last day. It has been reported 
that if CAT fails to nullify H2O2, APX and GPOX activity increases as a compensatory mechanism14. In distilled 
water set as CAT activity fails to rise during preservation so probably by increasing APX and GPOX activity leaves 
tried to detoxify generated H2O2. Obtained result suggest that in distilled water preserved leaves APX fails to 
detoxify H2O2 from 4DS onwards after which only GPOX plays the role as a single protecting agent against H2O2. 
GSR and GST activity shoot up in distilled water set till 4DS indicating high stress accumulation which the leaves 
tries to nullify by activating its protective measures. GST was reported to counteract the different abiotic damage 
caused during stress44 and also protects cells against oxygen toxicity45. On the contrary GSR was a flavo-protein 
oxidoreductase which plays crucial role in reducing biotic stress by maintaining ascorbate and glutathione pool in 
reduced state inside the chloroplast46. GSR and GST activity gradually increases in leaves preserved with NS solu-
tion till the last day indicating the potential of NS solution in strengthening the biological tissue for withstanding 
both abiotic and biotic stress.

A high increase in glutathione concentration in leaves preserved with NS solution was observed from 4DS till 
6DS after which decrease in concentration takes place while no such high increase takes place for leaves preserved 
in SN solution but a gradual increasing trend was maintained till last day, reflecting an attempt in minimizing 

Figure 7. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) carotenoids, (B) ascorbic acid, and (C) total glutathione content. Effect of preservative solutions 
on non-enzymatic antioxidant activity of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D and 
7D. The results were expressed as Mean ± SDEV, n = 3.
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oxidative stress. Leaves in distilled water set fails to increase the concentration of glutathione and thus faces 
early senescence due to accumulation of oxidative stress. Glutathione was a low molecular weight non-protein 
thiol that performs multiple functions in biosynthetic pathways, detoxification and antioxidant activities which 
the other thiols cannot perform47. The non-enzymatic antioxidant activity of glutathione resides in its ability to 
generate another non-enzymatic antioxidant ascorbic acid, by participating in ascorbate – glutathione cycle48. 
Ascorbic acid, was reported to exist mostly in reduced state inside chloroplast49 and can directly participate in 
scavenging O2

•− and H2O2 via APX activity15. Our study reports increased concentration of ascorbic acid in leaves 
preserved in NS and SN solution indicating their ability to detoxify free radicals by involving APX, reported ear-
lier and thereby enhancing postharvest shelf life. In addition to the pool of ascorbate and glutathione, leaves in 
NS solution also maintained almost steady pool of carotenoids which bears significant difference with decreasing 
content in distilled water set (p ≤ 0.05). Carotenoids belong to the class of lipophilic antioxidants, synthesized in 
plastids and thus might play role in preventing ROS accumulation in chloroplast16.

Besides ascorbic acid, glutathione and carotenoids, phenolics (total phenol, orthodihydric phenol and fla-
vonoid) are another group of non-enzymatic antioxidant actively participates in stress shielding mechanism. 
The prime defensive function of polyphenols resides in lipid free radical scavenging activity48. Polyphenols by 
complexing metal ions prevents metal ion mediated conversion of O2

•− and H2O2 in to highly reactive hydroxyl 
radical and thereby preventing DNA damage50 and thus allowing continuous synthesis of compounds through 
enzymatic mechanism that are involved in enhancing shelf life. Our study reflects almost similar trend as describe 
above, with increase in days of preservation phenol and orthodihydric phenol content increases in leaves present 
in preservative solution reflecting there potentiality to overcome stress. Result of distilled water preserved leaves 
also reflects an increasing trend but the extent of increase in comparison to NS and SN was much less. Flavonoid 
content does not show any significant change with increasing days, however in distilled water set from 4DS 
onward a decreasing trend was observed explaining inability to overcome generated stress.

Free radical scavenging and metal chelating activity was measured for determining the potential of secondary 
metabolites in preventing stress caused by free radicals and metal ions, described above. It was observed that with 

Figure 8. Effect of preservation of S1 genotype of M. alba leaves with distilled water, nanosilver and silver 
nitrate on (A) total phenol, (B) ortho-dihydric phenol, and (C) flavonoid content. Effect of preservative 
solutions on secondary metabolite content of M. alba leaves was observed at regular interval of 0D, 1D, 4D, 6D 
and 7D. The results were expressed as Mean ± SDEV, n = 3.
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increase in days of preservation ABTS+, DPPH, SO and NO scavenging activity increases in leaves preserved in 
NS and SN solution, on contradictory in distilled water set their activity decreases. Biogenic silver nanoparticles 
were reported to show high activity towards scavenging free radicals51,52 and chelating metal ions53. It seems 
that the scavenging potential of NS, as well as SN protects leaf tissue from the intracellular harmful effect of free 
radicals. Because of gradual deterioration at tissue level, secreted secondary metabolites oozes out from leaves 
preserved in distilled water showing high metal chelating activity than leaves preserved in NS and SN solution.

Figure 9. Effect of feeding S1 genotype of M. alba leaves, preserved with distilled water, nanosilver and silver 
nitrate on (A) growth index, (B) single cocoon weight, (C) single shell weight, (D) shell ratio, (E) effective 
rearing rate, and (F) mortality rate. Silkworm larvae were fed with leaves preserved for 0D, 1D, 4D, 6D and 7D. 
The results were expressed as Mean ± SDEV, n = 3.
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At post harvest stage, significant (p ≤ 0.05) retention of total protein content was recorded in leaves pre-
served in NS and SN solution. Retention of total and reducing sugar in NS set was also recorded to be significant 
(p ≤ 0.05). Post harvest shelf life was effected by number of factors and among them water relationship and bal-
ance plays a key role54. Water relation was interrupted mainly due to microbial proliferation, blocking the cut end 
and thereby preventing water channel55,56. NS was reported to enhance post harvest shelf life of flowering twigs 
at low concentration by decreasing microbial load29,57. It has also been reported that both SN and NS acts as an 
effective preservatives, but water conduction rate was high when NS was used as preservative58. Thus NS and SN 
by retaining the concentration of primary metabolite in preserved leaves to optimum level, allowing the synthesis 
of defensive enzymes needed to overcome the generated stress. We observed increased level of proline in all the 
preservative sets indicating activation of ROS scavenging mechanism59 and thereby stabilizing cellular proteins 
and membrane integrity60.

The production of good quality cocoon crop directly depends on quality of M. alba leaves provided during 
rearing phase61. Silkworm bears a special ability of converting ingested leaf protein into silk protein. Variation 
on leaf nutritional level puts significant impact on cocoon production both qualitatively and quantitatively62. 
Protein and carbohydrate are the two most important constituents of M. alba leaves playing crucial role in silk-
worm rearing. While leaf protein was essential for larval growth, silk gland development, and cocoon characters, 
carbohydrate serves as major energy source during accumulation and secretion of silk fibre from silk gland63. Our 
rearing records suggests that GI of larvae fed with leaves preserved in NS and SN solution remains almost same 
as that of larvae fed with fresh leaves. While significant (p ≤ 0.05) decrease in GI was observed when fed with 
leaves of distilled water set. Larval growth depends on protein content of the leaves, and retention of GI indicates 
retention of protein in leaves preserved in preservative solution. Multiple regression analysis of significantly cor-
related parameters associated with protein content (Table 2) in preserved leaves indicates greater the superoxide 
scavenging activity less was the ROS mediated protein oxidation and thus more was the native protein content in 
the leaves. ERR (%) was best observed in NS preserved leaves and thus indicating high viability and low mortality. 
Low ERR in larvae fed with distilled water preserved leaves describes their inability for cocoon production and 
thus high mortality rate. Productivity can be described in terms of three most important commercial parameters 
viz. cocoon weight, shell weight and shell ratio63. Larvae fed with NS preserved leaves showed best cocoon weight, 
shell weight and shell ration than larvae fed with leaves preserved with SN and distilled water. Such result was 
displayed might be due to more ingestion, digestion and conversion ratio of larvae fed with NS preserved leaves, 
demonstrating the ability of nanosilver solution as an effective preservative.

The above experiments and explanations suggest that silver nanoparticles synthesized using M. alba leaf 
extract acts as an effective preservative in extending the shelf life of M. alba leaves at postharvest stage. Thus 
the specification of formed NS becomes an important criterion for leaf preservation. Synthesized NS showed 
SPR band at ~441 nm confirming the presence of nanosilver, as SPR spectra of silver nanoparticles appears in 
the wavelength range of 400–500 nm64. The synthesized nanoparticles are spherical in shape with more than 
50% particles are in monodispersed phase and average particle size of ~14 nm representing high bioactivity, as 
bioactivity was inversely proportional to the size of nanoparticles65–67. Probably because of these bioactive nature 
biosynthesized silver nanoparticles able to retain the shelf life of M. alba leaves at postharvest stage. FT–IR spectra 
showed the involvement of proteins, amino acid, short peptides, carbohydrates and secondary metabolites like 
phenol as capping, stabilizing and bio-reducing agents68. The deviation in peak position between plant extract 
and nanosilver was the indication of bioreduction and was another confirming module of nanosilver formation69. 
From XRD peak at 38.312° corresponds to (111) Bragg’s reflection plane found to be most intensified peak, cor-
responding to this peak 10.071 nm crystalline size was obtained according to Debye-Scherrer’s equation and inter 
planar spacing from Bragg’s law was obtained to be 2.347 Å. XRD result also matches with standard JCPDS library 

Model R R Square
Adjusted R 
Square

Std. Error 
of the 
Estimate

Durbin-
Watson

1 0.988a 0.976 0.974 0.032820

2 0.996b 0.991 0.989 0.021129

3 0.999c 0.998 0.997 0.011702 2.524

Table 1. Statistics summary of multiple regression analysis keeping chlorophyll constant. aPredictors: 
(Constant), MDA. bPredictors: (Constant), MDA, SOD. cPredictors: (Constant), MDA, SOD, FLAVANOL. 
dDependent Variable: TOTAL CHLOROPHYLL.

Model R R Square
Adjusted R 
Square

Std. Error 
of the 
Estimate

Durbin-
Watson

1 0.995a 0.991 0.990 1.212853

2 0.997b 0.994 0.993 1.020261 1.843

Table 2. Statistics summary of multiple regression analysis keeping protein constant. aPredictors: (Constant), 
SUPEROXIDE. bPredictors: (Constant), SUPEROXIDE, MDA. cDependent Variable: TOTAL PROTEIN.
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file no: 04-0783 confirming face centered cubic structure of NS. Crystalline nature was further validated by SAED 
pattern, confirming orientation of nanocrystals around (111) plane.

conclusions
At postharvest stage of preservation, M. alba leaves exhibited decrease in chlorophyll, protein and carbohy-
drate concentration, accumulation of free radicals including ROS causing oxidative damage, lipid peroxidation 
and thus imposing changes in rearing parameters in the present study. Leaves preserved in NS and SN solution 
showed two line of defensive strategy; first the activation and upregulation of antioxidant enzymatic (SOD, CAT, 
APX, GPOX, GSR, GST) and non-enzymatic antioxidant (ascorbic acid, glutathione and carotenoids) activities; 
and secondly enhancement in production of secondary metabolites involved in free radical scavenging activ-
ity. These metabolic alterations allow the leaves at postharvest stage to withstand and extend shelf life. Leaves 
preserved in NS solution exhibits greater retention of photosynthetic pigments and other primary metabolites, 
probably due to greater ability to scavenge ROS both by enzymatic and non-enzymatic pathways. Moreover, 
feeding leaves preserved in NS solution showed better growth and cocoon parameters, indicating the absence of 
any adverse toxic effects. Thus it may be concluded that phytosynthesized silver nanoparticles at 6 ppm concen-
tration bears the potentiality to extent the shelf life of Morus alba L. leaves. Our finding may regain the interest of 
landless farmers towards this wide field of application as they can undergo the process of rearing for some days 
by purchasing the leaves once.

Materials and Methods
Plant sample and experimental system. The experiment was carried out at Department of Botany, 
University of North Bengal, India (26°42′44.11″ N and 88°29′40.09″ E) during April – September of 2017–2018 
and 2018–2019. The most widely grown and used cultivar of Morus alba in this region, namely S1 cultivar was 
used as experimental material and were collected from Matigara Sericulture Complex, Siliguri, India (26°70′40″ 
N and 88°35′37″ E) during daytime between 6 and 7 am, for maintaining fresh texture of leaves. Immature, 
unhealthy and diseased leaves were screened out for maintaining uniform experimental condition. Leaves were 
preserved up to 7 days in preservative solutions and during preservation perforated zipper bags were used for 
retaining moisture content. During experimental process three solutions were used as preservatives viz. phy-
to-synthesized silver nanoparticles (NS) containing 6 ppm colloidal silver, silver nitrate (SN) solution bearing 6 
ppm silver ion which serves as positive control and distilled water serving as negative control; all the solutions 
were maintained at neutral pH (pH 7). Prior to preservation fine oblique section under water was made to the 
petiole of the leaves for maintaining intact water column. The experimental setup was kept at 25 °C maintaining 
light intensity of 260–270 lux and 40% humidity. Preserved leaves were collected at an interval of 1, 4, 6 and 7DS 
for evaluating the potentiality of preservative solutions in extending shelf life through chemical parameters with 
respect to fresh leaves.

Phyto-synthesis of silver nanoparticles and its characterization. For phyto-synthesis 5 ml distilled 
water refluxed M. alba leaf extract (10 g leaf in 100 ml distilled water) was added to 45 ml 10−3 M silver nitrate 
solution (Sigma Aldrich) with continuous stirring in magnetic stirrer for 10 min. The colour of the solution grad-
ually turns yellowish and finally to blackish brown within 20 min span, indicating nano formation70.

Silver nanoparticles formation was recorded in UV – Vis Spectrophotometer (Systronics 2201) as a function 
of wavelength ranges between 300–800 nm. The size and shape of nanoparticles was studied through TEM micro-
graphic (Philips CM 200) operating at an accelerating voltage of 120 kV. The possible involvement of functional 
groups in nano formation was predicted through FT – IR analysis at a wavelength range of 500–4000 nm using 
potassium bromide pellet technique. The crystallinity of nanoparticles was determined through X-ray diffraction 
study (Burker ASX D8). The sample was Cu Kα radiated at an operational speed of 5° sec−1, keeping current, 
voltage, and wavelength constant at 35 mA, 40 kV, and 1.5 Å respectively.

Determination of total chlorophyll, total soluble protein, free proline, total soluble sugar, and 
reducing sugar concentrations. Total chlorophyll content in preserved leaves was determined by Arnon 
method71. For extraction, 1 g leaf sample was homogenized with 20 ml of 80% (v/v) acetone and was centrifuged 
at 10,000 × g for 5 min at 25 °C. Obtained residue was re-extracted twice for complete extraction of pigments. 
The UV-Vis spectrophotometer (Systronics 2201) reading of the supernatants was taken at 663, and 645 nm for 
estimating chlorophyll content.

Total protein content was estimated following the method of Lowry et al.72. For extraction 0.5 g frozen leaf 
samples were crushed using sodium phosphate buffer and centrifuged at 5,000 × g at −10 °C for 5 min. To the 
supernatant 5 ml alkaline copper solution and 0.5 ml Folin-Ciocalteu reagent was added leading to the develop-
ment of blue colour complex. The absorbance was measured at 660 nm after 30 min of incubation and was stand-
ardized using bovine serum albumin for determining the protein content. Free proline content was estimated 
according to the method described by Bares et al.73. For extraction 0.5 g leaf sample was homogenized in 10 ml 
3% sulfosalicylic acid and estimation was done at 520 nm of the upper toluene layer isolated from the reaction 
mixture containing 1 ml extract, 2 ml acid ninhydrin, 2 ml glacial acetic acid, and 4 ml toluene.

Total soluble sugar and reducing sugar content was determined spectrophotometrically following the methods 
of Sadasivam and Manickam74. Using mortar and pestle 0.1 g of leaf samples were extracted twice with 80% hot 
ethanol, 5 ml each time. The ethanol present in the supernatant was heat evaporated and the final volume was 
made up to 10 ml by distilled water. Total soluble sugar was determined using anthrone reagent at 620 nm by 
incubating in a boiling water bath for 8 min. Reducing sugar was estimated at 510 nm using dinitrosalicyclic acid 
and 40% Rochelle salt solution.
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Determination of reactive oxygen species and lipid peroxidation accumulation. Accumulation 
of reactive oxygen species was evaluated by estimating hydrogen peroxide (H2O2) and superoxide (O2

•−) content 
following the method prescribed by Loreto and Velikova75 and Elstner and Heupel76 respectively. H2O2 was esti-
mated by homogenizing 0.5 g leaf sample in 1% (w/v) tri-chloroacetic acid (TCA) and centrifuging at 10,000 × g for 
10 min at 4 °C. The obtained supernatant was spectrophotometrically measured at 390 nm after reacting with 10 mM 
phosphate buffer (pH 7.0) and 1 M potassium iodide. Superoxide content was estimated by homogenizing 1 g leaf 
samples in 65 mM potassium phosphate buffer (pH 7.8) and centrifuging at 5,000 × g for 10 min. The supernatant 
was reacted with 65 mM potassium phosphate buffer (pH 7.8) and 10 mM hydroxylamine hydrochloride, and incu-
bated for 15 min at 25 °C. Then 17 mM sulfanilamide and 7 mM α-anaphthylamine were added and absorbance 
was recorded at 530 nm. Extend of lipid peroxidation was determined by measuring MDA contents following the 
method of Davenport et al.77. Leaf samples (0.2 g) were homogenized in 2 ml 0.5% (w/v) TCA and centrifuged at 
10,000 × g for 10 min at 4 °C. The reaction mixture containing 2 ml supernatant and 2 ml 0.67% thiobarbituric acid 
(TBA) was incubated for 30 min at 95 °C, followed by ice water treatment to stop the reaction. The absorbance of the 
supernatant was recorded at 450, 532, 600 nm and MDA content was calculated using the following formula, MDA 
(µmol g−1) = [6.45 (A532 – A600) − 0.56 A450] × Vt/W, where Vt = 0.0021 and W = 0.2 g.

Determination of free radical scavenging activities, and metal chelating activity. 2,2-diphenyl- 
1-picrylhydrazyl (DPPH), 2,2-azino-bis 3-ethylbenzthiazoline-6-sulphonic acid (ABTS), superoxide (SO), nitric 
oxide (NO) scavenging activity, and metal chelating (MC) activity were determined following the method of 
Sidduraju et al.78, Li et al.79, Fu et al.80, Marcocci et al.81, and Dinis et al.82 respectively. Preserved leaf samples (1 g) 
were homogenized with 10 ml methanol and centrifuged at 10,000 × g for 10 min at 4 °C. The obtained superna-
tants were used as crude extract for the above cited assays.

DPPH scavenging activity was measured at 517 nm by using 0.2 ml methanolic extract against 2 ml DPPH. 
ABTS activity was determined by adding 2 ml ABTS to 1 ml extract and measuring the absorbance at 734 nm 
after 10 min incubation. For measuring superoxide activity absorbance was measured at 560 nm after 30 min 
illuminated light (4000 flux) incubation of the reaction mixture containing 1 ml nitroblue tetrazolium chloride, 
1 ml nicotinamide adenine dinucleotide and 10 μl phenazine methosulphate. To measure nitric oxide scavenging 
activity 20 mM sodium nitroprusside, 0.5 ml phosphate buffer, and 3 ml Griess reagent was mixed with 0.5 ml 
extract and absorbance was measured at 540 nm after 30 min incubation. Metal chelating activity was measured at 
562 nm by reacting methanolic extract with 2 mM FeCl3 and 5 mM Ferrozine. Scavenging activity was measured 
as percent inhibition using the following equation: % inhibition = [(A0 − A1)/A0] 100%, Where A0 and A1 are the 
absorbance of control and sample respectively. Antioxidant activity was expressed as concentration where 50% 
reduction in free radical takes place referred to as IC50 value.

Determination of enzymatic, and non-enzymatic antioxidant activities. Enzymatic antioxidant 
activities were measured in terms of superoxide dismutase (SOD), catalase (CAT), glutathione disulfide reduc-
tase (GSR), glutathione peroxidase (GPOX), glutathione S-transferase (GST), and ascorbate peroxidase (APX) 
activity by following the methods given by Esfandiari et al.83, Hasanuzzaman et al.84, Chen and Asada85. SOD (EC: 
1.15.1.1) activity was estimated by adding 0.05 ml enzyme extract to reaction mixture containing 200 mM methio-
nine, 2.25 mM nitro-blue tetrazolium and 3 mM EDTA. Reaction was initiated by adding 60 µM riboflavin, incu-
bated under light for 10 min, and absorbance was taken at 560 nm. Enzyme activity was expressed as quantity of 
enzyme reducing the absorbance of NBT by 50%. CAT (EC: 1.11.1.6) activity was determined by adding enzyme 
extract to a mixture containing 50 mM potassium phosphate buffer (pH 7.0), and 15 mM H2O2. The reaction was 
monitored at 240 nm for 1 min and the enzyme activity was expressed as unit (1unit = mmole of H2O2 reduced 
min−1 mg protein−1) using extinction coefficient of 39.4 M−1 cm−1. GSR (EC: 1.6.4.2) activity was recorded at 
340 nm for 1 min by adding 1 mM glutathione disulfide to the reaction mixture containing 0.1 M potassium phos-
phate buffer (pH 7.8), 1 mM EDTA, 0.2 mM NADPH, and enzyme solution; the enzyme activity was expressed 
as unit (1unit = µmol (NADPH) min−1 mg protein−1) using extinction coefficient of 6.2 mM−1 cm−1. For meas-
uring GPOX (EC: 1.11.1.9) activity reaction mixture contains 100 mM sodium phosphate buffer (pH 7.5), 1 mM 
EDTA, 1 mM sodium azide, 0.2 mM NADPH, 2 mM glutathione, 1 unit glutathione reductase, 0.6 mM H2O2, 
and 20 µl crude enzyme. Enzyme activity (unit) was recorded through oxidation of NADPH at 340 nm for 1 min 
and was calculated as µmol (NADPH) min−1 mg protein−1 using extinction coefficient of 6.62 mM−1 cm−1. GST 
(EC: 2.5.1.18) activity was expressed using extinction coefficient of 9.6 mM−1 cm−1 at 340 nm for 1 min from 
the reaction mixture containing enzyme solution in 100 mM tris-HCl (pH 6.5), 1.5 mM glutathione, and 1 mM 
1-chloro-2,4-dinitrobenzene (CDNB). APX (EC: 1.11.1.11) activity was determined at 290 nm for 2 min by add-
ing enzyme extract to 3 ml reaction mixture containing 50 mM potassium phosphate buffer (pH 7.0), 0.5 mM 
ascorbate, and 0.1 mM H2O2. One unit of APX was defined as amount of enzyme required to consume 1µmol of 
ascorbate min−1 mg protein−1.

Carotenoids content was determined by homogenizing 1 g samples in 80% acetone and centrifuging at 10,000 
× g for 5 min at 25 °C. The absorbance of the supernatant was determined spectrophotometrically at 470, 645, 
and 663 nm86. For ascorbic acid determination, 0.5 g leaf samples were homogenized in 10% (w/v) trichloroacetic 
acid and centrifuged at 10,000 × g for 20 min at 25 °C. The obtained supernatant (0.5 ml) was incubated at 37 °C 
for 3 h after reacting with 2% 2, 4-dinitrophenyl hydrazine in 0.5 N H2SO4, and 10% thiourea. After incubation 
spectral reading was recorded at 520 nm87. Total glutathione content was determined by reacting 100 µl extract 
with 0.3 mM NADPH in 20 mM potassium phosphate buffer (pH 7.5) and 6 mM 5′-dithio-bis(2-nitrobenzoic 
acid). The reaction mixture was incubated at 25 °C for 3 min, and then 10 µl reduced glutathione was added, after 
the colour was developed absorbance was recorded at 412 nm88.
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Determination of polyphenol contents. For total phenol, ortho-dihydric phenol, and flavonoid esti-
mation, 1 g leaf sample was ground with 80% ethanol and centrifuged at 10,000 × g for 20 min. The residue was 
re-extracted twice using 80% ethanol. The obtained supernatant was evaporated to dryness and the residue was 
dissolved with distilled water. Total phenol content was determined at 650 nm by adding 50% folin-ciocalteu 
reagent and 20% sodium carbonate to the extract following the method of Malick and Singh89, using gallic acid 
as standard. Orthodihydric phenol content was determined at 515 nm by adding 0.05 (N) HCl, Arnow’s reagent 
and 1 (N) NaOH to the aqueous extract following the method of Mahadevan and Sridhar90 using catechol as 
standards. Flavonoid content was determined at 510 nm following the method of Atanassova et al.91 by adding 5% 
NaNO2, 10% AlCl3 and 1 (M) NaOH to the aqueous extract and using quercetin as standard.

Feeding experiment and rearing data collection. The overall rearing process was conducted under 
laboratory condition following the standard process of Krishnaswami et al.92. For rearing purpose healthy and 
disease free 5th instar larvae (Nistari) were collected from Matigara Sericulture Complex. The larvae were dis-
tributed uniformly and randomly in bamboo made trays, each tray bearing 10 larvae. Larvae were supplemented 
with S1 genotype M. alba leaves. In one set freshly collected S1 leaves were given for feeding, while in other sets 
1, 4, 6, and 7DS preserved leaves in distilled water, silver nitrate and nanosilver solution were given for feeding. 
During rearing process larval weight and mortality rate was recorded at regular interval. When the larvae started 
spinning they were left undisturbed. At the end of the trial, larval and cocoon parameters were calculated using 
following formulas:

=
−Growth index GI( ) Final weight of larvae (gm) Initial weight of larvae (gm)

Initial weight of larvae (gm)

=
+Single cocoon weight SCW( ) Weight of 10 male cocoon (gm) Weight of 10 female cocoon (gm)

Total number of cocoon (20)

=
+Single shell weight SSW( ) Weight of 10 male shell (gm) Weight of 10 female shell (gm)

Total number of shell (20)

= ×Shell ratio SR( )% Single shell weight (gm)
Single cocoon weight (gm)

100

= ×Effective rearing rate ERR( )% Total number of cocoon harvested
Total number of larvae brushed

100

= ×Mortality rate MR( )% Number of death larvae
Total number of larvae

100

Data analysis. Using General Linear Model, two-way analysis of variance (ANOVA) was performed to cal-
culate the effect of preservative solutions on preservation of M. alba leaves and on silk worm rearing (P ≤ 0.05) 
using SPSS statistical package (IBM SPSS Advanced Statistics 20.0). Bivariate correlations study using Pearson 
correlation coefficient was done to study interrelationship between different leaf metabolic parameters with rear-
ing parameters (p ≤ 0.01 and 0.05) using SPSS. Multiple regression analysis was conducted using SPSS for deter-
mining the stress parameters that are involved in degradation of major primary metabolites. Figures were plotted 
using OriginPro 2018b software (b9.5.5.409).
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Abstract
The purpose of the current study was to determine the appropriate genotype and concentration of biosynthesized silver nano-
particles effectual in preserving mulberry leaves at the postharvest stage. The preservative effect of silver nanoparticles was
determined by their potentiality to prevent xylem blockage, chlorophyll content retention and inhibition of microbial proliferation
within a preservative solution. For synthesizing silver nanoparticles, a blend of 10−3 M silver nitrate and S1 genotype of the
mulberry leaf was found to be most effective. Silver nanoparticles at 6 ppm were observed to be the least effective concentration
for preserving mulberry leaves for at least 7 days at the postharvest stage, as evident from physical texture and retention of
chlorophyll content. Biosynthesized silver nanoparticles showed negative microbial count during the course of preservation as
evident from no colony-forming unit (CFU) until the last day of preservation, while conventional preservative silver nitrate
showed traces of CFU on a nutrient agar plate. Besides, these leaves preserved in nanosilver solution showed an almost negligible
number of xylem blockage in the petiole, almost equivalent to the blockage nature of fresh leaves caused by the deposition of
macromolecules like protein, lignin and suberin. Nanosilver- and silver nitrate–preserved leaves also displayed insignificant
accumulation of reactive oxygen species (ROS) and greater retention of membrane integrity than leaves preserved in normal
distilled water. Nanosilver solution showed greater durability of preserving mulberry leaves than conventional floral preservative
silver nitrate, useful for feeding silkworm larvae during the rainy season.

Keywords Mulberry . Nanosilver . Postharvest . Xylem blockage .Microbial proliferation .Membrane integrity

Introduction

Mulberry belongs to the genus Morus under the family
Moraceae. The genus Morus was represented by more than
150 different species worldwide (Srivastava et al. 2006),
among them M. alba L., M. indica L., M. serrata Roxb. and
M. laevigata Wall. ex Brandis were reported to grow wild in
India. Among different species ofMorus,M. alba (white mul-
berry) gains special attention as it was exclusively used for
feeding silkworm larvae. Besides being used as fodder, white
mulberry leaves have multidimensional uses. The use of dif-
ferent parts of the white mulberry viz. root, stem, bark, leaf
and fruit has been well documented in Chinese medicine
(Kumar and Chauhan 2008). Mulberry leaves are used to fight
against II diabetes (Łochyńska and Oleszak 2011), due to the
presence of quercetin and 1-deoxynojirimycin. The flavonoids
like quercetin, rutin, isoquercitrin, astragalin, albanol B and
morusin present inside mulberry leaves help to reduce gener-
ated oxidative stress inside the body (Yen et al. 1996). White
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mulberry leaf extract was reported to be effective against
hyperglycaemic, hypertensive, hyperlipidemic activities
(Zafar et al. 2013). Mulberry leaves were also used in the
preparation of tea and juice in some parts of the world
(Wilson and Islam 2015).

In all the multipurpose uses of white mulberry, leaves can
be dried and stored for a long time to prevent any pathogenic
contamination, except for feeding silkworm larvae which re-
quires freshly collected leaves (Dong et al. 2017). The quality
and quantity of silk production greatly depend on the nutri-
tional quality of the mulberry leaves (Manjula and Kumari
2015). Miyashita (1986) reported that mulberry leaf quality
as an independent factor contributes more than 30% cocoon
production success rate. Depending on this property, a large
number of works were done for developing high-yielding
mulberry genotype bearing high nutritional quality. S1,
S1635, S-146, C-776, BC259, Tr-4, Tr-10, K2, S-36,
RF5135, RF5175, V1, S-13, S-34, AR-11, AR-12, Sahana,
RC-1, RC-2, G-2 and G-4 are the high-yielding cultivars of
mulberry that are mostly used for propagation and larval feed-
ing (Vijayan et al. 2012; Tikader and Kamble 2008).

Preservation of these high-quality mulberry leaves was es-
sential during the rainy season, as feeding wet leaves was not
productive as it increases the larval mortality rate (Das et al.
2020). Conventionally during the rainy season, collected
leaves were preserved by rapping in a moist cotton cloth.
Preservation by this mode causes decreases in moisture and
nutrient content of leaves, leading to the production of low-
quality cocoons. Dong et al. (2017) stated that mulberry leaves
supplement the water and nutritional necessity of silkworm
larvae. So a decrease in leaf natural quality during preserva-
tion will impede the normal growth rate of larvae. An alterna-
tive method bearing the potentiality to overcome the above-
said problem was a pressing demand for improving produc-
tivity during the rainy season. Preservation by the application
of effective preservative solutions may help to keep hold of
the nutritional quality of leaves at the postharvest stage.

The major obstacle faced during preservation was microbi-
al proliferation within the preservative solution which enters
xylem vessels through conducting pathways (Van Doorn
1997). An increase in the number of bacteria inside vessels
causes blockage, alongside microbe’s polymeric compounds
like lignin, suberin and many others also get deposited inside
the lumen blocking the conducting pathways (Jedrzejuk et al.
2012). Nanosilver and silver nitrate were reported to have a
strong antimicrobial property against both gram-positive and
gram-negative microbes (Loo et al. 2018; Tang and Zheng
2018; Pazos-Ortiz et al. 2017). Nanosilver was also reported
to exhibit better antimicrobial activity than silver nitrate
(Mosselhy et al. 2015). Besides, this application of nanosilver
and silver nitrate was also reported to extend the vase life of
many horticultural cut twigs (Malakar et al. 2019; Abdel-
Kader et al. 2017; Park et al. 2017; Ahmad et al. 2016).

The present study deals with the assumption that nanosilver
and silver nitrate will act as effective antimicrobial agents and
will bear the potentiality in preventing xylem vessel occlusion
at the postharvest stage of preservation.

The current study deals with the identification of a suitable
concentration of biosynthesized silver nanoparticles effective
in preserving mulberry leaves at the postharvest stage.
Besides, this comparative analysis of the preservative aspect
of nanosilver and silver nitrate will be evaluated in terms of
blockage number of protein, lignin and suberin deposition,
along with an assessment of membrane integrity and accumu-
lation of hydrogen peroxide.

Materials and methods

Plant sample collection

Five genotypes ofmulberry viz. S1, S1635, TR10, BC259 and
Guangdong were collected from the Matigara sericulture farm
((26° 72′ 40″ N and 88° 35′ 37″ E) Siliguri, West Bengal,
India, and from the mulberry germplasm garden (26° 42′
34″ N and 88° 21′ 06″ E), Department of Botany, University
of North Bengal, Siliguri, West Bengal, India. The area of
sample collection was recorded to maintain an average tem-
perature range between 25 and 38 °Cwith an annual rainfall of
2600–4000 mm, maintaining approximate humidity around
65%. The experimental samples were collected early morning
in between 6:00 and 7:00 am during April–September of
2017–2018 and 2018–2019, for maintaining the fresh texture
of the samples.

Biogenic synthesis of silver nanoparticles

For biosynthesis of silver nanoparticle, 5-ml pale yellow col-
our plant extract obtained by refluxing 10 g finely chopped
leaves in 100-ml distilled water for 60 min at 100 °C was
added in a continuous dropwise manner to 45-ml aqueous
silver nitrate solution (Kuppurangan et al. 2016). The reduc-
tion of silver was confirmed from the gradual change of trans-
parent solution to reddish-brown colour.

Determination of suitable genotype for the
biosynthesis of silver nanoparticles

For predicting the most suitable genotype for nanoformation,
nanosilver was synthesized with five high-yielding and com-
mercially accepted genotypes viz. S1635, TR10, S1, BC259
and Guangdung followed by UV-visible spectrophotometric
analysis (Systronics-2201).
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Determination, validation and stability assessment of
the effective concentration of silver nitrate for the
biosynthesis of silver nanoparticles suitable for
mulberry leaf preservation

The effective concentration of silver nitrate for nanosilver bio-
synthesis was determined by the method proposed by Das
et al. (2019) in which silver nanoparticles were prepared with
five different concentrations of silver nitrate viz. 10−1, 10−2,
10−3, 10−4 and 10−5 M.

Validation of nanosilver formation was indicated through
colour change and UV-visible spectrophotometer in the spec-
tral range of 300–800 nm. By measuring the surface charge of
nanoparticles, nanostability was measured in terms of zeta
potential (Zetasizer Nano-ZS90 ZEN3690). For assisting
long-term stability, UV-visible spectrophotometric reading
was taken at 20 days interval for the period of 60 days and
peak deformation was analysed.

Bioactivity assessment of biosynthesized silver nanoparti-
cles was done by preserving S1 genotype of mulberry leaves
for 7 days in nanosilver solution prepared with 10−1, 10−2,
10−3 M silver nitrate solution, followed by observing physical
changes. Before preservation, the petioles of the leaves were
cut obliquely under water to maintain a continuous water con-
duction column. Further verification of leaf quality was done
through the determination of chlorophyll content (Arnon
1949).

Determination of least effective concentration of
screened silver nanoparticle

The screened silver nanoparticle from the above process was
used for preserving the S1 genotype of mulberry leaves for
7 days at three different dilutions viz. 10x, 20x and 40x for
determining the least effective concentration suitable for
preservation.

Preservative solutions

Three kinds of preservatives were used for postharvest pres-
ervation of mulberry leaf. After determining the least effective
concentration of nanosilver with S1 genotype, the leaves of all
the five genotypes viz. S1, S1635, TR10, BC259 and
Guangdong were preserved in the same, along with the same
concentration of silver nitrate and distilled water serving as the
control.

Determination of microbial load in preservative
solution

For detecting microbial load in preservative solution, nutrient
agar media was used. Different day (day 1 to day 7) preserva-
tive solutions (distilled water, nanosilver and silver nitrate)

were added to sterilized nutrient agar medium and incubated
for 24 h at 37 °C for detecting presence/absence of microbial
colonies.

Histochemical detection of xylem blockage

At the end of the preservation period, the transverse section of
preserved leaf petioles was done and stained with different
histochemical reagents for detecting the blockage and non-
blockage nature of xylem. Histochemical detection of xylem
blockage was conducted with Bradford reagent, azure B,
phloroglucinol-HCL and Sudan III stains. A general account
of the stains used, the process of preparation and bio-
component detected by the stain was enlisted below:

Preparation of Bradford reagent

Coomassie brilliant blue (Himedia-RM344) was used for the
preparation of Bradford reagent following the standard proce-
dure as prescribed by Bradford (1976). The sections of the
petiole were stained for 1–2 min and observed under a micro-
scope for detecting protein accumulation.

Preparation of azure B

Azure B stain was prepared using azure B (Sigma-Aldrich
A4043-5G) following the standard procedure as stated by
Marshall and Lewis (1975). The prepared azure B solution
was diluted to a 1:20 ratio before use. The sections were
stained for 3–4 min and observed under a light microscope
(Olympus CX21iLED) for detecting lignin deposition.

Preparation of phloroglucinol-HCl

Phloroglucinol-HCl stain was prepared by dissolving 0.125 g
phloroglucinol (Sigma-Aldrich 79330-25G) in 5 ml 20% eth-
anol and to it 1.25 ml HCl was added and mixed uniformly
(Liljegren 2010). The sections of the petiole were stained for
2 min and observed under a microscope for detecting lignin
deposition.

Preparation of Sudan IV

For preparing the stain solution, 0.005 g Sudan IV (Sigma-
Aldrich 198102-25G) was dissolved in 10-ml 96% ethanol.
The solution was filtered and to it, 10-ml glycerol was added
before use (Soukup 2013). The petiole sections were first
rinsed in Sudan IV solution for 5 min followed by heating
for a few seconds. The solution was cooled at room tempera-
ture and mounted with glycerol before observing under a mi-
croscope for detecting suberin deposition.
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Scanning electron microscopy

SEM analysis (Jeol JSM-IT 100) was performed for detecting
the xylem blockage within the petioles of all the five geno-
types of mulberry leaves under study after preservation in all
preservative solution and was compared with respect to fresh
leaf petiole. For analysis, the petiole section was dried on a
carbon-coated copper grid and then micrographs were taken
for analysis.

Histochemical detection of oxidative stress

At the end of preservation, the petioles of the leaves were cut
into fine transverse section and stained with an appropriate
solution for studying the accumulation of hydrogen peroxide
(H2O2) and membrane integrity.

Detection of H2O2 localization

For detection of hydrogen peroxide localization in the pre-
served leaves, the petiole sections were kept submerged for
about 45 min in potassium iodide (0.1 M) and starch (4% W/
V) reagent as reported by Olson and Varner (1993). At the end
of the incubation period, the sections were observed under a
microscope.

Detection of plasma membrane integrity

The integrity of the plasma membrane was detected by the
method reported by Yamamoto et al. (2001). Firstly, the pet-
iole section was stained using Evan’s blue (Sigma-Aldrich
E2129-10G) solution (0.025% w/v in 100 mM CaCl2) for
30 min and then was rinsed thrice with double distilled water
to remove the extra stain and observed under a microscope.

Statistical analysis

For determining the relationship among different preservative
solutions with respect to their potentiality to prevent vascular
blockage by group clustering, principal component analysis
(PCA) was conducted using XLSTAT 2017. Agglomerative
hierarchical clustering (AHC) was performed following
Ward’s method of dissimilarity matrix using XLSTAT 2017
to understand the interrelationship among different preserva-
tive solutions suitable for enhancing postharvest shelf life.
Heat map study using R software (version 3.4.0) was conduct-
ed for detecting the nature of colour matrix between the ge-
notypes under study with respect to staining pattern detecting
xylem blockage.

Result

Biogenic synthesis of silver nanoparticles

Bioreduction of silver nitrate to nanosilver was indicated by
the gradual transformation of the transparent solution to
brownish colour product and this colour transformation was
noted after 10 min of initiation of the reaction.

Determination of suitable genotype for the
biosynthesis of silver nanoparticles

UV-visible spectral analysis of biosynthesized silver nanopar-
ticles with five genotypes (S1, S1635, TR10, BC259 and
Guangdong) of mulberry showed two peak values of surface
plasmon resonance (SPR): 438 nm SPR was displayed by S1
and S1635 while 444 nm was displayed by the remaining
genotypes. Furthermore, it was noted that the S1 genotype
showed the highest amplitude of peak (Fig. 1).

Identification, confirmation and stability assessment
of the effective concentration of silver nitrate for the
biosynthesis of silver nanoparticles suitable for
mulberry leaf preservation

On adding plant extract to five different concentrations of
silver nitrate viz. 10−1, 10−2, 10−3, 10−4 and 10−5 M, it was
observed that 10−4 and 10−5 M silver nitrate solutions remain
transparent even after the addition of plant extract while all
other concentrations turn brownish. The intensity of brown
colour increases with an increase in the concentration of silver
nitrate, i.e. 10−1M appeared darkest of all. Furthermore, it was
noted that within 24 h of formation, precipitation appears in
nanosilver solution prepared from 10−1 M silver nitrate solu-
tion. UV-visible spectral analysis showed appearances ofmost
sharpen and intense band from silver nanoparticles synthe-
sized with 10−3 M silver nitrate which gives λmax of 432 nm
(Fig. 2). From the spectral analysis, no absorption spectra

Fig. 1 UV-visible spectral analysis of biosynthesized silver nanoparticles
using leaf extract of S1, S1635, TR10, BC259 and Guangdung genotypes
of mulberry
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were observed for nanosilver prepared with 10−4 and 10−5 M
silver nitrate concentration. No value of zeta potential was
obtained for nanosilver synthesized with 10−1, 10−4 and
10−5 M silver nitrate solution. Zeta potential result was obtain-
ed for the only nanosilver prepared with 10−2 and 10−3 M
silver nitrate solution showing zeta potential value of − 4.67
and + 74.7 mV respectively (Fig. 3).

From long-term stability assessment of biosynthesized sil-
ver nanoparticles (Fig. 4), it was observed that the peak of
nanosilver prepared from 10−1 M silver nitrate gradually got
deformed as revealed by the bluntness of peak with an in-
crease in days of storage. The striking phenomenon notedwith
an increase in days of storage was nanosilver formed with

10−2 M silver nitrate showed high absorption value and its
peak intensity crossed the peak intensity of 10−3 M.

On preserving S1 genotype of mulberry leaves for 7 days in
three different concentrations of nanosilver viz. 10−1, 10−2 and
10−3 M, it was observed that with an increase in days of pres-
ervation, gradual depletion of leaf quality (i.e. yellowing of
the leaves) takes place in leaves preserved with 10−1 and
10−2 M nanosilver solution. The visual appearance of deple-
tion was noted from 4 days onward (Fig. 5), while no visual
change in physical texture was noted in leaves preserved with
10−3 M nanosilver solution.

Further verification of leaf quality was done through the
determination of total chlorophyll content. In leaves preserved
with 10−1 and 10−2 M nanosilver solution, drastic depletion of
chlorophyll content was noted from the 4th day onward
(Fig. 6); however, the extent of depletion in 10−1 M was more
when compared with the other solutions. Leaves preserved
with 10−3 M nanosilver solution showed retention of chloro-
phyll content uniformly until the last day of preservation.

Determination of least effective preservative
concentration of screened silver nanoparticles
(10−3 M)

On preserving S1 genotype of mulberry leaves with 10−3 M
nanosilver at three different dilutions viz. 10x, 20x and 40x, it
was observed that leaves preserved in 10x and 20x dilutions
showed no visual change until the last day of preservation (i.e.
up to 7 days), while traces of yellowish patches along the
midvein toward the lateral veins were observed in leaves pre-
served in 40x dilution from day 4 onward (Fig. 7).

After assessing chlorophyll content, almost no depletion
was noted in leaves preserved with 10x and 20x dilution of
nanosilver, while a drastic decreasing trend was observed in
leaves preserved with 40x diluted nanosilver from day 3 on-
ward (Fig. 8).

Determination of preservative aspect of leaves
preserved in nanosilver, silver nitrate and distilled
water

On preserving the leaves of S1, S1635, TR10, BC259 and
Guangdong genotypes at the postharvest stage in distilled wa-
ter, nanosilver and silver nitrate for 7 days, it was observed
that in comparison with the initial day, leaves of all genotypes
preserved in nanosilver solution retain its natural greenish
physical texture almost similar until the last day of preserva-
tion. While leaves preserved in distilled water showed com-
plete deterioration of chlorophyll content as revealed by the
yellowish texture of last day–preserved leaves. Leaves pre-
served in silver nitrate solution showed a slight deterioration
in physical texture as indicated by the presence of yellowish
patches within the leaves (Fig. 9).

Fig. 2 UV-visible spectral analysis of biosynthesized silver nanoparticles
with five different concentrations of silver nitrate (10−1 to 10−5 M) using
leaf extract of S1 genotype of mulberry

Fig. 3 Stability assessment of biosynthesized silver nanoparticles
through zeta potential. (A–B) Silver nanoparticles synthesized with
10−2 and 10−3 M silver nitrate respectively using leaf extract of S1
genotype of mulberry
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Evaluation of microbial count in preservative
solutions after leaf preservation

Distilled water, silver nitrate and nanosilver solutions were
used as preservatives from day 1 to day 7 when added to
nutrient agar plates (Fig. 10), and after incubation, it was noted
that no microbial growth was present in agar plates incubated

with post preservative solution of nanosilver. Postpreservative
distilled water showed microbial count and the amplitude of
colony count increased with increase in days of preservation,
reaching a maximum value of 169 CFU on the final day, while
silver nitrate solution showed traces of microbial count from
the third day of preservation which increased proportionately
with the increase in days of preservation.

Fig. 4 Long-term stability
assessment by UV-visible spec-
trophotometer of biosynthesized
silver nanoparticles with five dif-
ferent concentrations (10−1 to
10−5 M) of silver nitrate using leaf
extract of S1 genotype of mul-
berry. (A–D) Spectral reading at 0
D, 20 D, 40 D and 60 D interval
respectively
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Anatomical organization of mulberry leaf petiole

Transverse section of the petioles of the mulberry leaf under a
light and electron (Fig. 11) microscope showed the presence
of single-layer epidermis, consisting of rectangular cells.
Epidermis remained covered with a smooth cuticular layer
on the outer side, while the inner side consisted of 4–6 layers

of collenchymatous cells. Vascular bundles were positioned in
the parenchymatous tissue and this tissue occupied the maxi-
mum area of the petiole. The petiole consisted of more or less
8–10 vascular bundles. The vascular bundles were differenti-
ated into protoxylem and metaxylem. At the inner side, the
primary xylem consisted of small vessels of protoxylem and
on the outer side, a wide region of metaxylem with large
diametric vessels was observed. The vascular bundles were
mostly arc shaped and the diameter of xylem vessels ranges
from 8.18 to 48.74 μm. Pith region was wide and parenchy-
matous in nature.

Glandular and eglandular hairs were evident on both the
abaxial and adaxial surfaces of the epidermis. Eglandular hairs
were unicellular, long, slender with a blunt end, while glan-
dular hairs consisted of 1–2 stalk cells and 1–3 head cells. The
specialized foliar idioblast cells were present in between the
parenchymatous cells.

Histochemical study of the transverse section of
petioles at post preservation stage

Staining with Bradford reagent

On staining with the Bradford reagent, the appearance of blue
colour deposition was noted indicating blockage on xylem
pores by protein particles (Fig. 12). Freshly cultivated leaves

Fig. 5 Pictorial view representing physical condition of S1 genotype mulberry leaves preserved for 7 days in three different concentrations of silver
nanoparticles viz. 10−1 (A), 10−2 (B) and 10−3 (C) M

Fig. 6 Graphical representation showing total chlorophyll content of S1
genotype mulberry leaves preserved for 7 days in three different
concentrations of silver nanoparticles viz. 10−1, 10−2 and 10−3 M
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showed blue colour deposition below the epidermis in collen-
chymas, surrounding xylem in the parenchyma and in the
phloem. Traces of protein deposition were also recorded from
xylem pores. It was observed that at the end of preservation,
leaves preserved in distilled water displayed the highest num-
ber of blockage followed by silver nitrate and nanosilver. In
comparison to distilled water–preserved leaves, leaves

preserved in nanosilver and silver nitrate solutions depicted
~ 24 and 36% blocked vessels. It was also noted that leaves
preserved in nanosilver solution displayed ~ 34% less block-
age than silver nitrate solution. It was found that leaves pre-
served in distilled water, nanosilver and silver nitrate solutions
showed ~ 13-, 3- and 4-fold more blocked vessels respectively
than the blockage pattern displayed by freshly collected
leaves. Among the studied genotypes, BC259 depicted the
highest number of blockage, while S1 showed the least num-
ber of blockages. The blockage number of S1 was ~ 41% less
than the average blockage number executed by BC259 under
all preservative conditions. The order of blockage pattern
among the genotypes in decreasing order can be demarcated
as BC259˃TR10˃Guangdung˃S1635˃S1.

Staining with azure B

Azure B staining showed blue colour deposition of lignin par-
ticles on xylem pores indicating the involvement of lignin in
xylem occlusion (Fig. 13). It was observed that among all the
genotypes under study, the highest and least number of lignin
deposition in xylem pore was recorded in BC259 and S1 re-
spectively. S1, S1635, TR10 and Guangdung exhibited ~ 43,
25, 16 and 30% respectively less lignin-mediated xylem block-
age than that exhibited by BC259 under all preservative condi-
tions. In comparison to xylem blockage recorded in distilled

Fig. 7 Pictorial view representing physical condition of S1 genotype mulberry leaves preserved for 7 days in three different dilutions of 10−3 M silver
nanoparticles viz. 10x (A), 20x (B) and 40x (C)

Fig. 8 Graphical representation showing total chlorophyll content of S1
genotype mulberry leaves preserved for 7 days in three different dilutions
of 10−3 M silver nanoparticles viz. 10x, 20x and 40x
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water–preserved leaves, approximately 17 and 25% lignin de-
position was recorded in the lumen of the vessels when
nanosilver and silver nitrate were used as preservatives. While
in relation to freshly collected leaves, leaves preserved in dis-
tilled water, nanosilver and silver nitrate showed ~ 18-, 3- and
3-fold more blockage respectively. On analysing the blockage
pattern among nanosilver and silver nitrate solutions, it was

found that the nanosilver solution exhibited ~ 32% less number
of blockages than the silver nitrate solution.

Staining with phloroglucinol-HCl

Phloroglucinol staining under the microscope showed red col-
our appearances detecting lignin deposition. Phloroglucinol

Fig. 9 Pictorial view representing
physical condition of S1, S1635,
TR10, BC259 and Guangdung
genotypes of mulberry leaves
preserved for 7 days in
preservative solutions in
comparison to initial day. I
represents fresh leaves. II, III and
IV represent 7-day preserved
leaves in nanosilver, silver nitrate
and distilled water respectively
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Fig. 10 Nutrient agar plates representing antimicrobial activity of
preservative solutions at different days of preservation. (IA–IG) CFU
count of distilled water used as preservative from day 1 to day 7. (IIA–

IIG) CFU count of silver nitrate solution used as preservative from day 1
to day 7. (IIIA–IIIG) CFU count of nanosilver solution used as
preservative from day 1 to day 7
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staining also showed similar nature of blockage pattern obtained
while studying azure B–mediated lignin vascular deposition. The
maximum number of blockage was observed in distilled water–
preserved leaves in all studied genotypes. The order of xylem
occlusion in decreasing order under all preservative condition
can be demarcated as BC259˃TR10˃S1635˃Guangdung˃S1
(Fig. 14). The number of partial blockage was found to be higher
than the number of complete blockage in all the cultivars. In
contrast to xylem occlusion under distilled water preservation,
leaves preserved in nanosilver and silver nitrate solutions
depicted ~ 82 and 75% less vascular blockage. The number of
vascular blockage increased by ~ 18-, 3- and 4-fold respectively

in distilledwater–, nanosilver- and silver nitrate–preserved leaves
than the blockage pattern displayed by freshly collected leaves.

Staining with Sudan IV

Sudan IV staining was done for detecting the suberin deposi-
tion within xylem vessels. Transverse section of freshly culti-
vated leaf petiole showed almost negligible number of suberin
deposition in xylem vessels. It was noted that, leaves pre-
served in nanosilver and silver nitrate solutions showed ~ 3-
and 8-fold increase in blocked vessel numbers than fresh
leaves. While leaves preserved in distilled water displayed ~

Fig. 11 Transverse section of the
petioles of mulberry leaf under
light (A) and electron (B) micro-
scope indicating different layers
from outside to inside as follows:
star, trichome; CU, cuticle; EP,
epidermis; CO, collenchyma; P,
parenchyma; ID, idioblast; PH,
phloem; MX, metaxylem; PX,
protoxylem; PI, pith
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Fig. 12 Histochemical identification of protein components in xylem
occlusions by Bradford reagent in the petiole of mulberry leaves. (A)
Fresh leaves. (B) 7-day distilled water–preserved leaves. (C) 7-day

nanosilver-preserved leaves. (D) 7-day silver nitrate–preserved leaves.
I–V represent S1, S1635, TR10, BC259 and Guangdung genotypes of
mulberry leaves used for preservation respectively
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Fig. 13 Histochemical identification of lignins in xylem occlusions by
azure B in the petiole of mulberry leaves. (A) Fresh leaves. (B) 7-day
distilled water–preserved leaves. (C) 7-day nanosilver-preserved leaves.

(D) 7-day silver nitrate–preserved leaves. I–V represent S1, S1635,
TR10, BC259 and Guangdung genotypes of mulberry leaves used for
preservation respectively
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Fig. 14 Histochemical identification of lignins in xylem occlusions by
phloroglucinol-HCl in the petiole of mulberry leaves. (A) Fresh leaves.
(B) 7-day distilled water–preserved leaves. (C) 7-day nanosilver-

preserved leaves. (D) 7-day silver nitrate–preserved leaves. I–V represent
S1, S1635, TR10, BC259 and Guangdung genotypes of mulberry leaves
used for preservation respectively
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33-, 5- and 2-fold increase in blockage number than fresh
leaves and leaves preserved in nanosilver and silver nitrate
solutions. Among all the genotypes, the nanosilver solution
was found to be most effective against the S1 genotype as
indicated by a lesser number of blocked xylem pores while
BC259 showed the highest number of blockage (Fig. 15). The
order of xylem blockage in decreasing order among the stud-
i ed geno t ype s c an be dema r c a t ed a s BC259˃
Guangdung˃TR10˃S1635˃S1. Traces of blockages were al-
so noted in the petioles of fresh leaves.

Scanning electron micrograph

SEM micrograph of the transverse section of the petiole of all
the five studied mulberry genotypes under all preservative
conditions revealed that a maximum number of blockages
were present in the petioles of leaves preserved in distilled
water. The occasional blockage was also noted in leaves pre-
served in silver nitrate solution while leaves preserved in
nanosilver solution showed almost negligible number of
blockage which was equivalent to the nature of blockage
reflected by the petioles of fresh leaves (Fig. 16).

Histochemical study of stress assessment of
transverse section of petioles at post preservation
stage

Hydrogen peroxide localization

Potassium iodide and starch solution were used for detecting
the localization of hydrogen peroxide molecules within pre-
served tissue. The current study revealed that in all the geno-
types, leaves preserved in the distilled water showed dark
colour stain, with BC259 representing the maximum ampli-
tude of stain accumulation. Leaves preserved in nanosilver
and silver nitrate solutions depicted low intense colour stain
which resembled with the colour intensity of fresh petiole
(Fig. 17).

Plasma membrane integrity

Evan’s blue staining pattern depicted dark blue colour depo-
sition in leaves preserved in distilled water. On comparing
with distilled water sets, leaves preserved in nanosilver and
silver nitrate solutions showed lighter stain indicating reten-
tion of membrane integrity (Fig. 18).

Statistical analysis

PCA projects studied parameters into different geometrical
dimensions and separated correlated attributes from uncorre-
lated ones. Principal component 1 (PC1) and principal com-
ponent 2 (PC2) accounts for 98.97% and 0.77% of the total

score respectively (Fig. 19). PC1 is dominated by all the pre-
servative conditions viz. distilled water, nanosilver and silver
nitrate. Leaves preserved in nanosilver and silver nitrate
formed one cluster toward the negative axis of PC1 along with
fresh leaf, while distilled water–preserved leaves formed iso-
lated node toward the positive end of PC1. The positional
distribution of fresh leaves and leaves preserved in distilled
water, nanosilver and silver nitrate was noted to be − 5.4998,
+ 10.0329, − 3.0852, and − 1.4479 respectively. Squared co-
sine observation also reports an accumulation of preservative
conditions around PC1.

All the xylem blockage parameters under different staining
conditions were further taken together to analysed dissimilar-
ity agglomerative hierarchical clustering (AHC). The dendro-
gram (Fig. 20) showed one major cluster consisting of three
preservative conditions viz. fresh, nanosilver and silver nitrate
and an out-group was represented by distilled water–
preserved leaves.

A heat map is a correlated study of graphical illustration
and hierarchical clustering of constant and variable parameters
represented separately by vertical and horizontal axes of the
rectangular plot. The graphical matrix of the current study was
prepared by taking preservative solutions (constant factors) in
the vertical axis while blockage detecting the staining param-
eters (variable factors) was taken alone on the horizontal axis
(Fig. 21). The matrix consists of three colour amalgamations
viz. yellow, green and red denoting low, medium and high
blockage values respectively. In the vertical axis, the constant
factors formed one major group containing three preservative
solutions viz. fresh, nanosilver and silver nitrate and an out-
group of distilled water. In the horizontal axis, the variable
factors formed two major groups “A” and “B”. Group “A”
mostly contains complete blockage staining parameters while
group “B” was the aggregation of partial blockage staining
parameters.

Discussion

Biogenic synthesis of silver nanoparticles and
determination of suitable genotype for nanosilver
biosynthesis

The appearance of the brown colour solution during the re-
duction of silver ion by mulberry leaf extract was the physical
confirmation of silver nanoparticle formation. Development
of brown colour nanosilver solution was also reported when
nanosilver was prepared using Tragia involucrate (Prabu and
Johnson 2015), Azadirachta indica (Ahmed et al. 2016),
Catharanthus roseus (Ponarulselvam et al. 2012), Moringa
oblifera (Moodley et al. 2018) and Memecylon edule
(Elavazhagan and Arunachalam 2011) leaf extract.
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Fig. 15 Histochemical identification of suberins in xylem occlusions by
Sudan IV in the petiole of mulberry leaves. (A) Fresh leaves. (B) 7-day
distilled water–preserved leaves. (C) 7-day nanosilver-preserved leaves.

(D) 7-day silver nitrate–preserved leaves. I–V represent S1, S1635,
TR10, BC259 and Guangdung genotypes of mulberry leaves used for
preservation respectively
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Fig. 16 Scanning electron micrograph showing xylem occlusions in the
petiole of mulberry leaves. (A) Fresh leaves. (B) 7-day distilled water–
preserved leaves. (C) 7-day nanosilver-preserved leaves. (D) 7-day silver

nitrate–preserved leaves. I–V represent S1, S1635, TR10, BC259 and
Guangdung genotypes of mulberry leaves used for preservation
respectively
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Fig. 17 Histochemical detection of hydrogen peroxide localization by
potassium iodide and starch solution in the petiole of mulberry leaves.
(A) Fresh leaves. (B) 7-day distilled water–preserved leaves. (C) 7-day

nanosilver-preserved leaves. (D) 7-day silver nitrate–preserved leaves. I–
V represent S1, S1635, TR10, BC259 and Guangdung genotypes of
mulberry leaves used for preservation respectively
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Fig. 18 Histochemical detection of plasmamembrane integrity by Evan’s
blue in the petiole ofmulberry leaves. (A) Fresh leaves. (B) 7-day distilled
water–preserved leaves. (C) 7-day nanosilver-preserved leaves. (D) 7-day

silver nitrate–preserved leaves. I–V represent S1, S1635, TR10, BC259
and Guangdung genotypes of mulberry leaves used for preservation
respectively
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In sericulture for improving yield, many genotypes of mul-
berry have been developed. The nutritional values and phyto-
chemical constituents of one genotype differ from the other.
So to predict which genotype was most suitable for nanosilver
formation, UV-visible spectral reading of synthesized
nanosilver with all the genotypes under study was taken and
the obtained result suggests S1 and S1635 as suitable
genotypes for nanosilver formation, as they depict low
wavelength SPR peak than others indicating small size
particles. Shaik et al. (2018) stated that the appearance of
SPR peaks at lower wavelength indicates the formation of
nanoparticles with a smaller dimension. Kaya et al. (2016)
stated that the smaller the size of nanoparticles, the better

was the bioactivity, indicating superior efficacy of nanosilver
prepared from S1 and S1635. Furthermore, the peak intensity
and sharpness of S1 were more prominent than S1635 where
the nature of the peak was slightly blunt. Velgosováa and
Mražíkováb (2017) stated that the greater the peak broaden-
ing, the more possibility of forming different sizes and shapes
of nanoparticles, thus rejecting nanosilver formed with leaf
extract of S1635 as it bears probability of forming nanoparti-
cles of variable size and shape. Considering the entire phe-
nomenon, it was found that S1 was the most suitable genotype
for nanosilver formation.

Determination, validation, stability assessment and
bioactivity of the effective concentration of silver
nitrate for the biosynthesis of silver nanoparticles

The appearance of the brown colour product was the primary
indicator for nanosilver formation, denoting completion of the
bioreduction process (Balavijayalakshm and Ramalakshmi
2017). On preparing nanosilver with five different concentra-
tions of silver nitrate, it was observed that 10−4 and 10−5 M
silver nitrate solutions remain transparent at the end of the
reaction indicating the incapability of such low concentrations
to take part in the bioreduction process. UV-Vis spectra also
showed no absorption peak for nanosilver synthesized with
10−4 and 10−5 M silver nitrate solutions. Aggregation of nano-
particles formed with 10−1 M silver nitrate was noted within
24 h of biosynthesis, resulting in nanoparticle instability. A
similar type of observation was also reported by Mohapatra
et al. (2015) while synthesizing silver nanoparticles using a
lemon extract. Instability of nanoparticles synthesized with
10−1 M silver nitrate was supported by zeta potential which
showed no value on analysis indicating highly unstable na-
ture. Zeta instability was also reported with 10−2 M nanosilver
which showed a zeta potential value of − 4.67 mV, as the
values of zeta potential more positive than + 30 mV or more
negative than − 30 mV are considered to remain in stable
condition without coalescence for a longer duration (Kadu
et al. 2011). Further evidence of coalescence nature of
10−2 M nanosilver was obtained from long-term validity as-
sessment which reflects a gradual increase in absorbance val-
ue with increases in days of preservation. Izak-Nau et al.
(2015) reported that agglomeration of silver nanoparticles dur-
ing storage was responsible for an increase in spectral absor-
bance value. Among all the concentrations of silver nitrate
used for nanosilver biosynthesis, 10−3 M concentration was
found to be the most suitable concentration which showed
stable zeta potential of + 74.7 mV and the peak intensity al-
most remains constant during storage, indicating long-term
stability.

Bioactivity assessment by preserving leaves of S1 geno-
type with synthesized silver nanoparticles for 7 days followed
by chlorophyll content assessment revealed that nanosilver

Fig. 19 Score plot analysis of principal components demonstrating
vascular blockage preventing nature of distilled water, nanosilver and
silver nitrate solutions as preservative, in preserving S1, S1635, TR10,
BC259 and Guangdung genotypes of mulberry leaves with respect to
fresh leaves of each genotype

Fig. 20 Agglomerative hierarchical clustering representing vascular
blockage preventing nature of distilled water, nanosilver and silver
nitrate solutions as preservative, in preserving S1, S1635, TR10, BC259
and Guangdung genotypes of mulberry leaves with respect to fresh leaves
of each genotype
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prepared with 10−1 M and 10−2 M silver nitrate was not suit-
able for preservation, as yellowing of the leaves and conse-
quent decrease in chlorophyll content were noted during pres-
ervation from 4th day onward.While nanosilver preparedwith
10−3 M silver nitrate due to its stable nature was able to retain
its bioactive form during preservation and thereby retaining
the fresh texture and maintaining the postharvest shelf life
until the last day of preservation. 10−3 M silver nanoparticles
were also reported to enhance the shelf life of Carnation flow-
er (Koohkan et al. 2014), Chrysanthemum (Carrillo-López
et al. 2016), Gerbera (Mohammadiju et al. 2014) and
Tuberose (Bahrehmand et al. 2014).

Determination of least effective concentration of
nanosilver for postharvest preservation

Assessment of least effective concentration of biosynthesized
silver nanoparticles will be helpful in the applied field as lit-
erature reports suggest that at significant high concentration,
there was even possibility of generation of abiotic stress ham-
pering normal physiology, leading to the induction of oxida-
tive stress (Courtois et al. 2019; Jaskulak et al. 2019). Thus,
preservation using a diluted solution of bioactive silver nano-
particles was more economical and less toxic than using raw
concentrations directly. On preserving mulberry leaves with

bioactive silver nanoparticles (10−3 M) at three different dilu-
tions (10x, 20x and 40x), it was observed that effective pres-
ervation was achieved until the last day of preservation up to
20x dilution as evident by the greenish physical nature of the
leaves and retention of uniform chlorophyll content. Dilution
beyond 20x was found to be ineffective as yellowing of leaves
takes place along the midvein. Thus, 20 times diluted 10−3 M
nanosilver was found to be the least effective concentration at
which preservation was achieved, whose concentration was
found to be 6 ppm.

Evaluation of the preservative potential of
preservative solutions and assessment of microbial
count in nanosilver solution with respect to silver
nitrate and distilled water

On preserving mulberry leaves with 6-ppm nanosilver, 6-ppm
silver nitrate and distilled water for 7 days, it was observed
that nanosilver solution acts as an effective preservative in
extending the shelf life of mulberry leaves, as no characteristic
physical change was noted even at the 7th day of preservation.
The potentiality of nanosilver solution in extending posthar-
vest shelf life was probably due to its strong antimicrobial
activity, as no CFU count was recorded from nanosilver solu-
tion used for preservation. Antimicrobial activity of

Fig. 21 Heat map colour matrix representing inter-relationship between
preservative solutions (vertical axis) with the nature of blockage pattern
detected by staining five genotypes of mulberry (S1, S1635, TR10,

BC259 and Guangdung) with histochemical stains (horizontal axis) after
7 days of preservation
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biosynthesized nanosilver solution was also reported when
bioreduction takes place using the extract of Tectona grandis
(Rautela et al. 2019), Pelargonium sidoides (Kgatshe et al.
2019), Murraya koenigii (Abul Qais et al. 2019) and Melissa
officinalis (de Ruíz-Baltazar et al. 2017). Silver nitrate also
showed preservative potential but it failed to prolong the shelf
life of mulberry leaves to the extent that was exhibited by
nanosilver; this is probably due to the fact that nanosilver
showed better antimicrobial activity than silver nitrate
(Halah 2017).

Anatomical organization and histochemical detection
of stress and xylem blockage

The freshly collected mulberry leaves showed traces of vas-
cular blockage indicating the presence of natural blockage in
all the five cultivars. At the end of the preservation period,
leaves preserved in distilled water showed a large number of
completely and partially blocked lumens, resulting in leaf
senescence. Ieperen et al. (2001) and Hassan (2005) reported
that a major obstacle which was faced during extending post-
harvest shelf life was xylem blockage preventing normal
conducting pathway, thereby causing tissue damage in early
days of preservation. One of the prime reasons of tissue dam-
age was the accumulation of H2O2 at the wounded site. The
current study reports accumulation of H2O2 was followed by
disintegration of the plasma membrane in leaves preserved for
7 days in distilled water. Sharma and Dubey (2005) reported
that the plasma membrane was disintegrated by the presence
of free radicals indicated by the dark deposition of stain.
Jedrzejuk and Zakrzewski (2009) stated that microbial prolif-
eration, accumulation of materials inside xylem vessels and
the formation of an air bubble inside vascular tissue are the
major reasons preventing postharvest shelf life. Meeteren Van
et al. (2006) reported that postharvest shelf life depends on the
size of the xylem vessels, as wider vessels can transport more
fluid and are not completely blocked under stress. The present
study showed a similar anatomical architecture of petioles in
all the five genotypes under study. The only variation lied in
the number and size of xylem vessels, which played a signif-
icant role in extending postharvest shelf life by maintaining a
continuous water column from the bottom (cut end) to the top
(leaf apex). The current study did not display any correlation
between the diameter of xylem vessels with the proportion of
complete and partial blocked vessels. Among the five
genotypes under study, S1 and Guangdung showed the
lowest and highest diameters of xylem lumen respectively,
but maximum blocked vessels were reported for BC259,
which was documented after Guangdung in terms of lumen
diameter. A similar observation was also reported by
Jedrzejuk et al. (2012) while studying the postharvest shelf
life of cut Clematis stem.

Nanosilver and silver nitrate solutions prevented the forma-
tion of xylem obstacles by maintaining a continuous water
column and thereby extending postharvest shelf life.
Another major cause of vascular blockage inhibiting normal
conducting pathway was microbial proliferation (Durkin and
Kuc 1966). Besides microbes, the macromolecules secreted
by bacteria might block pith pores, putting a reduction in
normal conducting rate (De Stigter and Broekhuysen 1986).
Nanosilver solution acts as an effective antimicrobial agent in
preventing bacterial proliferation as revealed by noCFU count
in the preservative solutions. The presence of the antimicrobi-
al agent in the preservative solution reduces the bacterial count
and extends shelf life (Marousky 1976). The microbial inhi-
bition property of silver nanoparticles was due to their avail-
ability to cause structural change within the bacterial mem-
brane, penetrating the cell membrane and interacting with the
phosphate backbone of DNA and sulphur containing amino
acids of protein and there by inhibiting growth and prolifera-
tion of microbes (Nabikhan et al. 2010). Salman (2017)
and Solgi (2014) reported that because of the large surface
area, silver nanoparticles showed better antimicrobial activity
in comparison to other silver salts. The current study reported
similar observations, both nanosilver and silver nitrate showed
potential in extending the postharvest shelf life of mulberry
leaves but the duration of prolongation was more in nanosilver
than silver nitrate. Nanosilver also displayed better antimicro-
bial activity than silver nitrate as revealed from CFU count.
Due to the presence of active potentiality of nanosilver and
silver nitrate as a preservative, leaves preserved in them
showed retention of plasma membrane integrity and less de-
position of H2O2 at the cut end. The current observation was
also supported by PCA analysis, which showed more close
proximity of nanosilver-preserved leaves to fresh cultivated
leaves, than leaves preserved in silver nitrate solution. The
clustering of principal compounds toward the negative axis
of PC1 showed the aggregation of the principal compounds
(nanosilver and silver nitrate) with freshly cultivated leaves.
Such aggregation reflects the blockage number of preserved
leaves almost similar to the number of blockage naturally
observed in fresh leaves. The physical positional distribution
reflects that nanosilver- and silver nitrate–preserved leaves
were situated 2.4146 and 4.0519 units apart from fresh leaves
which clearly reflects more proximity of nanosilver-preserved
leaves toward the blockage number of fresh leaves than leaves
preserved in silver nitrate solution.

Besides microbial-mediated inhibition of xylem transport,
occlusion of lumen takes place by the deposition of different
types of polymeric colloids that are generally present in xylem
sap of plants (Neumann et al. 2010). The current study report-
ed protein-mediated blockage of xylem vessels by Bradford
staining in leaves during postharvest preservation with the
highest number of blockage recorded in distilled water–
preserved leaves. Proteomics study of xylem sap reveals the
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presence of different types of transportable proteins including
proteases, protease inhibitors, glycine-rich proteins, chitinase-
like proteins, peroxidase-like proteins, lipid transfer proteins,
enzymes for wall metabolism and many others (Bhutz et al.
2004). The movement of these proteins through xylem sap
depends upon the rate of flow which when gets reduced leads
to aggregation causing clumping of xylem vessels (Neumann
et al. 2010). Van Doorn (1997) reported that at the postharvest
stage, blockage developed at the cut end was the major reason
creating an imbalance between water uptake and transpiration
rate, thereby decreasing the water pulling efficiency,
hampering flow rate. Biosynthesized nanosilver probably
prevents the formation of plugging at the cut end,
maintaining normal conduction rate and thus able to extend
the postharvest shelf life by 7 days. Nanosilver inhibiting
microbial accumulation at the cut end was also reported by
Liu et al. (2009) while studying postharvest vas life of cut
Gerbera.

Another reason of xylem blockage was the excessive de-
position of an impermeable layer such as lignin and suberin.
Rhodes and Wooltorton (1978) stated that the rate of biosyn-
thesis of lignin and suberin is generally enhanced at the cut
end, while their polymerization from monomer to polymer
leading to the formation of occlusion takes place by the action
of oxidative enzymes. The current study showed the presence
of lignin and suberin as blockage materials in xylem pores
preventing the normal conducting pathways. Among the stud-
ied genotypes, BC259 and TR10 showed the highest number

of lignin deposition, while BC259 and Guangdung showed
the highest number of suberin deposition, indicating greater
activation of polymerizing enzymes in these genotypes lead-
ing to the development of large-sized depository plugs
blocking vessels. The presence of suberin plug in the cut
end was also reported by Cline and Neely (1983) while study-
ing the wound healing process of Geranium stems. Among
the preservative solutions, it was observed that leaves pre-
served in distilled water showed deposition of lignin and su-
berin inside the lumen causing obstacles in the conduction
pathway and thereby enhancing the rate of senescence as re-
vealed by yellowing of the leaves. Lignin- and suberin-
mediated xylem occlusion was also reported in leaves pre-
served in nanosilver and silver nitrate solutions but the num-
ber of blockage was negligible in comparison to the blockage
showed by leaves preserved in distilled water. Agglomerative
hierarchical clustering (AHC) also established a similar inter-
pretation as revealed above. AHC has placed distilled water–
preserved leaves as an out-group due to its dissimilarity with
other preservative solutions in terms of blockage number.
Whereas nanosilver- and silver nitrate–preserved leaves
formed a single cluster along with fresh leaves indicating their
resemblance with one another in terms of blockage number.
The preservative potentiality of nanosilver was further evi-
denced from scanning electron micrograph, which showed
the presence of a sufficient number of complete and partial
blockage inside the lumen of leaves preserved in distilled wa-
ter for 7 days while leaves preserved in nanosilver showed the

Fig. 22 Diagrammatic model of
postharvest vascular blockage (A)
and its inhibition through
nanosilver application (B)

Environ Sci Pollut Res



almost negligible number of blockage. The current observa-
tion clearly indicates the potency of nanosilver in preventing
microbial proliferation inside xylem vessels and thus helps in
maintaining an intact conducting pathway by preventing ag-
gregation of macromolecules. Heat map analysis demonstrat-
ed that along the horizontal axis toward the right side, the
colour matrix was mostly dark, while on the opposite side, it
was lighter, indicating more number of partial blockages than
a complete blockage. Along the vertical axis, the appearance
of the yellow-coloured matrix in the petiole section of freshly
collected leaves revealed very less number of xylem blockage,
as the yellow colour represents a lower value. The colour
matrix of nanosilver- and silver nitrate–preserved leaves ap-
peared in the yellowish-green zone; however, the intensity of
the green colour is more in silver nitrate–preserved leaves than
nanosilver-preserved leaves indicating more number of vas-
cular blockage in the silver nitrate set. While leaves preserved
in distilled water showed a reddish-green matrix indicating
high blockage number, with the intensity of the red colour is
more toward the right side representing more number of par-
tial blockage than a complete blockage. Heat map analysis
clearly indicates that in comparison to distilled water and sil-
ver nitrate, nanosilver acts as a better preservative for preserv-
ing mulberry leaves at the postharvest stage.

Conclusion

Thus, it may be stated that during postharvest preservation,
aggregation of macromolecules inside lumen and bacterial
proliferation cause obstacle in the normal conducting path-
way, leading to accumulation of ROS causing membrane dis-
integration resulting in senescence, as evident by yellowing of
the leaves preserved with distilled water (Fig. 22). Nanosilver
and silver nitrate showed efficiency in preventing microbial
proliferation and ROS generation, thus extending postharvest
shelf life. Furthermore, it was noted that a 6-ppm nanosilver
solution was more effective than an equivalent concentration
of silver nitrate as indicated by less number of partial and
complete blockage and more extension of postharvest shelf
life. Thus, preserving mulberry leaves at the postharvest stage
using a 6-ppm nanosilver solution will help to overcome the
problem of feeding larvae during the rainy season, as the
abovementioned technique will help to maintain the fresh tex-
ture of leaves.
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Abstract
Application of green chemistry towards phytosynthesis of nanoparticles has gained attention of environment friendly world 
due to its simple, rapid, stable, eco-friendly and cost-effective property. But there are limitations to this growing interest, 
as the dimension and geometry of nanoparticles produced through phytosynthesis often varies greatly. To overcome the 
problem, current study deals with the assessment of reducing effect of the plant extract at different light intensity, pH and 
temperatures. Current study reports that the optimal condition for phytosynthesis of silver nanoparticles was neutral pH (pH 
7), 25 °C and diffuse light (230 lx). It was observed that rapid synthesis of silver nanoparticles takes place with increase in 
light intensity, alkalinity and temperature, as revealed by quick appearance of dark brown colouration on addition of extract. 
But rapid synthesis leads to the formation of large size particles with increase in polydispersity as revealed from TEM 
analysis and were found to be instable through zeta potential analysis. It was observed that at acidic pH nanosilver formation 
does not takes place, while at low temperature it takes more time for nanosilver formation, but both conditions were found 
to be unstable. Nanosilver formed at neutral pH and 25 °C under diffuse light gives the size dimension of 18.11 ± 2.55 and 
18.94 ± 5.30 nm with zeta potential of + 36.4 and + 37.4 mV respectively indicating stability, besides that they were found to 
be stable under long storage condition as revealed by UV–Visible spectrophotometric analysis. Silver nanoparticles formed 
under optimized condition of pH 7 and at 25 °C were found to be bioactive as it showed potentiality to extend the shelf life 
of post harvest mulberry leaves by 7 days.

Keywords Silver nanoparticles · Mulberry leaf (Morus alba) · Phytosynthesis · Process variation · Stability · Preservative 
potentiality

1 Introduction

Advancement of technical and engineering deeds has opened 
up a new branch of interdisciplinary science, mounting 
explosively worldwide, compiling nano-science and tech-
nology giving rise to nanotechnology. Global impact of 
nanotechnology has influenced mankind in all aspect in the 
last few years [1]. Nanotechnology produces nanoscale par-
ticles [2], that bear efficiency in the field of drug delivery, 
diagnostics, sensing, imaging, gene delivery, biomarkers, 

cell labelling, artificial implants and tissue engineering [3]. 
Nanotechnology provides an exploring platform to the sci-
entific world for using unexploited properties of different 
metals in the form of nanoparticles [4].

Nanoparticles are basically a compact composition of 
three layers viz. surface layer, shell layer and the core [5]. 
Due to high surface area to volume ratio nanoparticles pos-
sess optical, electronic, magnetic, and catalytic properties 
[6]. In the applied field different metallic nanoparticles viz. 
gold, silver, copper, zinc, iron, aluminium, lead, carbon, 
cadmium and cobalt have gained many important applica-
tions due to their inimitable properties [7]. Metallic nano-
particles and their various composites are gaining practical 
importance due to their day-to-day application in the field of 
biomedical [8, 9], enhanced photocatalysis [10], photodeg-
radation of chemical pollutants [11], inhibiting antifungal 
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activity [12], removal of malachite green dye [13], photo-
degradation of organic dyes [14].

Silver was one of the most universally used metal nano-
particles due to its nontoxic influence on humans and bioac-
tivity at low concentrations [15]. Historical records suggest 
more payback of silver than the hazardous impact, due to 
its medical and therapeutic benefits [16]. Silver nanoparti-
cles have wide application as antimicrobial agents in wound 
dressings, as surface creams to prevent wound infections 
and as anticancer agents [17]. Due to its antimicrobial activ-
ity, extended application of nanosilver was recorded in the 
field of dental practice [18], as coating material in surgi-
cal devices [19], in cosmetic industries [20] and in water 
purification plant [21]. Beside this nanosilver bears wide 
application in the fields of catalysis, electronics, photonics, 
and optics [22]. Due to the ability of silver nanoparticles to 
generate high amount of free-radicals it was considered as 
one of the best metallic nanoparticles suitable for biologi-
cal applications as antimicrobial, antibacterial, antiviral and 
antifungal agents [23].

Different techniques has been proposed by different work-
ers concerning with synthesis of metal nanoparticles viz. 
chemical reduction, photochemical reduction, gamma-ray 
irradiation, microwave irradiation, micro-emulsion, laser 
ablation, electrochemical reduction, and many others [24, 
25]. Application of these traditional methods have many 
drawbacks and often bears hazardous impact over environ-
ment which includes application of flammable organic sol-
vents and harmful chemicals, huge amounts of waste genera-
tion, high toxicity, capital intensive as required expensive 
instruments, energy wastefulness and difficult to purify [26, 
27]. Beside this silver nanoparticles synthesized by chemical 
methods was not suitable for medical application as there 
resides the probability of toxic effect of the chemicals used 
as reducing and capping agent [28]. So in relation to global 
safety, need for development of novel alternative methods 
with controlled shapes and sizes having energy-efficient, 
eco-friendly and non-toxic approach was a general alarm. 
Use of biological materials under the kingdom Plantae may 
serve a valuable weapon for the development of eco-friendly, 
simple, rapid, stable, cost-effective and hygienic nanoparti-
cles, thus opening a new avenue in the form of green chemis-
try often called as biogenic synthesis or green synthesis [29].

Green chemistry utilizes bacteria, fungi, algae, and plants 
which includes bryophyta, pteridophyta, gymnosperm and 
angiosperm [25, 30] for biosynthesis of metallic nanopar-
ticles. Among the various groups of biological organisms, 
green plants gain additional advantage over others as they 
significantly reduce the reaction time from several days to 
few minutes that was required by microbes; besides this they 
are cost effective as they do not require high pressure, high 
energy and toxic chemicals and can be easily scaled up for 
large-scale synthesis at industrial level [31, 32]. Besides 

these plant diversity was a rich source of various phyto-
chemicals like ketones, aldehydes, flavones, amides, terpe-
noids, carboxylic acids, phenols, and ascorbic acids that can 
bear the capable of reducing metal salts into metal nanopar-
ticles [33]. Phytosynthesis of silver nanoparticles has been 
reported using the extract of Flemingia wightiana [34], 
Salvia hispanica [35], Priva cordifolia [36], Abutilon indi-
cum [37], Ziziphora tenuior [38], Tephrosia purpurea [39], 
Withania somnifera [40] and Wrightia tinctoria [41]. Some 
study also reports the application of naturally biodegrad-
able components of plant products including polysaccha-
rides, biopolymers, vitamins, latex, vitamins and enzymes 
for generation of nanosilver [42, 43]. Current study reports 
phytosynthesis of silver nanoparticles using Morus alba leaf 
extract due to its pre-established medicinal and nutraceutical 
importance making it non-toxic to mankind [44].

The major disadvantage of green synthesis resides with 
uncontrolled hold over size and shape of synthesized nano-
particles. As in green chemistry phytochemical constituents 
of plant extract are used which directly acts as reducing and 
capping agent, so it was very difficult to predict their struc-
ture, mode of interaction and nature of association at the 
time of reaction, often leading to the formation of large size 
particle with diverse morphology putting a hold on their uti-
lization at commercial level [45]. As nucleation and growth 
of crystals occur at the same point in time, so it was very dif-
ficult to control size distribution of particles [46]. Thus from 
bioactivity point of view size of phytosynthesized silver 
nanoparticles was very essential, there by putting a demand 
for controlled synthesis leading to the development of novel 
particles of nanosilver. It has been reported that control over 
size and shape of nanoparticles can be achieved by adjust-
ing pH and temperature that brings changes to the nature 
of the reducing agent [47]. Beside this in order to increase 
stability and yield of silver nanoparticles optimization of 
physical parameters viz. light intensity, pH, and temperature 
was fundamental requirement [48]. It has been reported that 
variation in size of nanoparticles can be achieved by vary-
ing the condition viz. time, pH, temperature, and reactants 
concentration of the standard process [49]. Gardea-Torres-
dey et al. [50] reported control over shape and size of the 
nanoparticles by varying the pH that was synthesized using 
alfalfa sprouts. Fayaz et al. [51] reported change in size of 
nanoparticles with increase and decrease in temperature dur-
ing synthesis. Increase in temperature enhances the rate of 
reaction, as well as reduction rate and thereby putting impact 
over particle size distribution [52].

Current study deals with the hypothesis that variation in 
light intensity, pH and temperature during phytosynthesis of 
silver nanoparticles will assist to identify the ideal condition 
for synthesis, give rise to stable bioactive nanoparticles.

Present approach deals with phytosynthesis of silver 
nanoparticles using fresh mulberry leaf extract that acted as 
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capping and reducing agent. The synthesis of nanoparticles 
was conducted by varying parameters like light intensity, 
pH and temperature. Process variation was done for pre-
dicting ideal condition suitable for synthesizing bioactive 
silver nanoparticles. Nanoparticles synthesized by process 
variation were characterized for determining nature, type, 
morphology, shape and stability. Beside these, long term 
storage stability was assessed along with determination of 
preservative potentiality.

2  Materials and Methods

2.1  Phytosynthesis of Silver Nanoparticles

Phytosynthesis of silver nanoparticles was done using 
0.001 M silver nitrate and mulberry leaf extract. For phy-
tosynthesis, 5 ml filtered mulberry leaf extract obtained by 
refluxing 10 g finely chopped leaves in 100 ml distilled water 
for 60 min at 100 °C was added drop wise to 45 ml 0.001 M 
silver nitrate solution with continuous starring (Remi Equip-
ments) for 5–10 min. The phytoconstituents present in leaf 
extract (i.e. the reducing and capping agents) reduced trans-
parent silver nitrate to brownish colour product indicating 
the synthesis of silver nanoparticles.

2.2  Time Kinetics of Nanosilver Formation

Phytosynthesized silver nanoparticles were scanned under 
UV–Vis Spectrophotometer (Systronics-2201) in the wave-
length range of 300–800 nm at an interval of 1 h for deter-
mining actual time period required to complete reduction of 
silver ion  (Ag+) to nanosilver by plant extract.

2.3  Process Variation of Nanosilver Formation

2.3.1  Impact of Light on Nanosilver Synthesis

Phytosynthesis of silver nanoparticles was done at three dif-
ferent luminosity states of affairs. Phytosynthesis was done 
under direct sunlight, diffuse light and dark having light 
intensity of 67,000 lx, 230 lx and 0 lx (LX-101 lx Meter) 
respectively.

2.3.2  Impact of pH on Nanosilver Synthesis

Phytosynthesis of silver nanoparticles was done by modi-
fying the pH of mulberry leaf extract with 0.1 N HCl and 
0.1 N NaOH. Five different pH of leaf extract viz. pH 2, 5, 
7, 9 and 12 was prepared, keeping one at neutral range (pH 
7), two in acidic range (one high acidic pH 2 and one moder-
ate acidic pH 5) and two in alkaline range (one high basic 
pH 12 and one moderate basic pH 9). Initially the pH of 

the prepared leaf extract was measured by using digital pH 
meter (Zesco make) and the exact pH was adjusted by add-
ing HCl or NaOH in drop-wise manner. With the adjusted 
pH of the extract, silver nanoparticles was prepared in the 
ratio of 1:10.

2.3.3  Impact of Temperature on Nanosilver Synthesis

Phytosynthesis of silver nanoparticles was done at different 
temperature range viz. 0 °C, 10 °C, 25 °C, 50 °C and 80 °C. 
At first the temperature of the prepared silver nitrate solu-
tion was adjusted either by cold chilled water or hot water 
and the temperature consistency was maintained by using 
thermometer. To the adjusted temperature of silver nitrate 
solution, plant extract was added leading to the synthesis of 
silver nanoparticles.

2.4  Characterization of Phytosynthesized Silver 
Nanoparticles

2.4.1  Colour Development

Initial confirmation of nanosilver formation was done by 
observing gradual colour change from transparent to brown-
ish with increase in time.

2.4.2  UV–Visible Spectrophotometric Analysis

Synthesis of silver nanoparticles was validated by plotting 
the absorbance spectra of the nano solution against wave-
length range of 300–800 nm using PC-based double beam 
UV–Vis Spectrophotometer (Systronics-2201).

2.4.3  Dynamic Light Scattering

Dynamic light scattering (DLS) gives the graphical repre-
sentation of particle size distribution with respect to inten-
sity in terms of percentage. Size distribution was performed 
through DLS analyzer (Zetasizer Nano ZS90 ZEN3690) 
operated at 25 °C having viscosity of 0.8872 cP and count 
rate of 343.7 Kcps, where water was used as dispersion 
medium having dispersion and material refractive index of 
1.332 and 1.330 respectively.

2.4.4  Zeta Potential

Stability of the synthesized nanoparticles was determined 
through zeta potential analyzer (Zetasizer Nano ZS90 
ZEN3690). Zeta potential analysis was conducted at 25 °C 
having count rate of 4.5 Kcps, measurement position of 
2.00 mm and dispersant dielectric constant of 78.5.
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2.4.5  Transmission Electron Microscopy

Transmission electron microscopic (TEM) analysis was 
done for determining size, shape of phytosynthesized sil-
ver nanoparticles along with their polydispersity index. 
TEM micrograph was obtained at an operational voltage 
of 120 kV (Philips-CM 200). The size distribution pattern 
was analysed through Image J (version 1.50b) and graphi-
cal presentation was made using Origin statistical software 
(Origin Pro 2020). Polydispersity was calculated using the 
following formulation:

α and β stands for standard deviation of particle size distri-
bution and average nanoparticles size respectively.

2.5  Long Term Stability Assessment 
of Phytosynthesized Silver Nanoparticles

For determining long term stability, UV–Vis spectral (Sys-
tronics-2201) analysis of phytosynthesized silver nano-
particles was taken at an interval of 10 days for a period 
of 60 days for evaluating changes in terms of graphical 
observation.

2.6  Bioactivity Assessment of Phytosynthesized 
Silver Nanoparticles

Bioactivity assessment was conducted by preserving post 
harvest mulberry leaves with phytosynthesized silver nano-
particles. Fresh and healthy mulberry leaves were collected 
and were allowed to preserve in the solution of phytosynthe-
sized silver nanoparticles. Prior to preservation fine oblique 
cut of the leaf petiole was done for maintaining integrity of 
the conducting column. During preservation regular assess-
ment of physical texture and chlorophyll content was done 
for evaluating the bio-potentiality of phytosynthesized silver 
nanoparticles.

Chlorophyll content was measured following the method 
prescribed by Arnon [53]. For detection, preserved mulberry 
leaves were first homogenized in 80% acetone and the green 
filtrate was collected and the absorbance was measured at 
663 nm and 645 nm for calculating the amount of chloro-
phyll present in the extract. Total chlorophyll content was 
calculated using the following standard formulation:

Percent polydispersity =
{(

�∕�

)

× 100
}

Total chlorophyll
(

�g ml−1
)

= {(20.20 × A645) + (8.02 × A663)}

A645 and A663 are the absorbance value at 645 and 
663 nm respectively

3  Results and Discussion

3.1  Phytosynthesis of Silver Nanoparticles and Time 
Kinetics of Reduction Process

On adding mulberry leaf extract to silver nitrate solution 
appearance of brown colouration takes place within 20 min 
of initiation. First the solution turns pale yellow than it grad-
ually converts into light brown to dark brown with time. This 
gradient of colour change was also reported when nanosil-
ver was biosynthesized using extract of Solanum trilobatum 
[54], Sargassum muticum [55].

Total chlorophyll content
(

mg g−1FW
)

= {(Total chlorophyll × Final volume)∕(Initial weight of tissue × 1000)}

Fig. 1  UV–Visible spectra demonstrating time kinetics of nanosilver 
formation as a function of absorbance and wavelength in the range of 
300–800 nm
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Although brown colouration appeared within 20 min of 
reaction but it does not indicates end of reduction process, 
as UV–Vis spectral observation showed gradual upliftment 
of plasmon peak with time (Fig. 1). It was observed that it 
takes ~ 10–11 h for the entire reduction process to complete. 
It has been stated that biosynthesis of silver nanoparticles 
was a time dependent process [56]. It has been reported 
that longer the reaction time greater is the size dimension 
of biosynthesized silver nanoparticles with large degree 
of polydispersity [57]. It was noted that with increase in 
reaction time, the colour of the solution remained almost 
same that appeared initially, indicating completion of main-
stream reaction during first half hour of initiation. Similar 
observation was also reported by Hasan et al. [58]. While 
studying biological entities responsible for nanomaterials 
synthesis. During the entire reduction process appearance 
of single plasmon peak was noted, indicating formation of 
spherical shape particles, as manifestation of single plasmon 
peak was the indicator of spherical metallic nanoparticles 
while two or more peaks indicate anisotropic particles [59]. 
During the first hour of reaction, plasmon peak appeared at 
429 nm which gradually got shifted to 432 nm as the reac-
tion progressed and finally stabilized at 441 nm indicating 
red shift with time. Red shift of plasmon peak indicated 
large size particles [60]. Shifting of plasmon peak depends 
on number of factors which includes dielectric medium, 
coupling of colloids and absorbed solutes, size and surface 
morphology of the synthesized nanoparticles [61]. Hasan 
et al. [58] reported that extended reaction time greatly affects 
distribution of nanoparticles along with formation of large 
size particles. Large size nanoparticles are biologically less 
active [62], thus implementation of process variation will 
help to demarcate ideal condition for the biosynthesis of 
silver nanoparticles using mulberry leaf extract that will give 
biologically more active nanoparticles.

3.2  Effect of Light Intensity on Nanosilver 
Phytosynthesis

On synthesizing silver nanoparticles at different light inten-
sity viz. 67,000 lx, 230 lx and 0 lx corresponds to sunlight, 
diffuse light and dark respectively, it was observed that rapid 
reduction of silver ion takes place leading to the formation 
of dark brown colour nanoparticles (Fig. 2) within 2 min 
of initiation when nanosilver was synthesized under direct 
sunlight. The rate of formation of nanosilver under sunlight 
was found to enhance by 10 times in comparison with diffuse 
light which took ~ 20 min for colour change to take place. 
While reduction rate of silver ion by phytochemical of the 
extract was very slow under dark state and it took more than 
72 h for nanoparticles to be formed. In the report of light 
mediated green synthesis of silver nanoparticles using aque-
ous extract of Prunus amygdalus, it was stated that no nano 

formation took place under dark condition, while nano for-
mation was enhanced by 60 times under direct sunlight than 
dispersed light [25]. Madhu et al. [63] while synthesizing 
honey-mediated silver nanoparticles reported that induction 
rate of nano formation was to a great extent more under sun 
light than in comparison with dark and dispersed light. Prob-
ably presence of greater number of photons in direct sunlight 
was the driving force for rapid bioreduction of silver nitrate 
leading to the synthesis of silver nanoparticles [25].

UV–Vis spectral analysis showed the appearance of plas-
mon peak at 459 nm, 441 nm and 447 nm (Fig. 3) of silver 
nanoparticles synthesized under sunlight, diffuse light and 
dark respectively. Appearance of spectral peak at different 
wavelengths was a general indication of variation in particle 
size, signifying large particles size with progressive shifting 
in spectral peak towards right [64]. Red shift of plasmon 
peak from 441 to 459 nm as a function of variation in photon 
number indicates large size particles. Appearance of high 
wavelength spectral peak in silver nanoparticles prepared 
under dark was probably because it took long time duration 

Fig. 2  Impact of sunlight (67,000 lx), diffuse light (230 lx) and dark 
(0  lx) on phyto-synthesis of silver nanoparticles mediated by fresh 
extract of mulberry leaves

Fig. 3  UV–Visible spectra depleting plasmon peaks of phytosynthe-
sized silver nanoparticles at different light intensity viz. 67,000, 230 
and 0 lx
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for bioreduction to occur, as particle size distribution was 
inversely proportional to reduction time [59].

Intensity based particle size distribution through DLS 
analysis of phytosynthesized silver nanoparticles under sun-
light, diffuse light and dark showed Z-average nanoparticles 
size of 111.90, 40.03 and 41.52 nm respectively (Fig. 4). 
The increase in DLS mediated particle size largely depends 
on nature of light exposure during biosynthesis [65]. Result 
obtained through DLS analysis was in good agreement with 
the red shift effect detected through UV–Vis spectral analy-
sis. It was observed that greater the wavelength of spectral 
peak more was the Z-average particle size. Zeta potential 
of most intensified peak of phytosynthesized silver nano-
particles under sunlight, diffuse light and dark appeared to 
be + 36.5, + 46.2 and + 25.6 mV covering 19.2, 77.3, and 
41.7% of the total distributional area respectively (Fig. 5). It 
has been reported that on the positive scale of zeta potential, 
particle having potential value of greater than + 30 mV are 
considered as stable [66]. Obtained zeta potential of current 
study clearly indicates that nanosilver prepared under diffuse 
light bears greater stability than the remaining conditions. 
The stability of the nanoparticles prepared under diffuse 
light was mainly due to the presence of large number of 

positive charge particles of the outer surface which repulses 
each other, preventing agglomeration [65].

Transmission electron micrograph showed that the syn-
thesized nanoparticles were spherical in shape with varia-
tion in their size distribution pattern (Fig. 6). The average 
particle size of phytosynthesized silver nanoparticles were 
found to be 27.68 ± 19.91, 21.58 ± 8.72, 21.59 ± 14.36 nm 
under sunlight, diffuse light and dark respectively. Silver 
nanoparticles synthesized under direct sunlight showed 
particle size distribution ranges from 12.41 to 74.24 nm, 
with polydispersity of 71.91%. While nanoparticles syn-
thesized under diffuse light and dark showed size distri-
bution range of 12.44 to 44.22 nm and 12.63 to 36.42 nm 
with polydispersity of 40.40 and 66.48% respectively. 
The particle size obtained from TEM analysis was much 
smaller than that obtained from DLS analysis, this was 
because DLS analysis not only measured metallic core 
but also took into account the biomolecules present on 
the surface [67]. However the trend of particle size distri-
bution appeared same in both the analysis showing large 
size particle under the condition of sunlight followed by 
diffuse light and dark. It has been reported that bioactivity 
of the nanoparticles largely depends on particle size and 

Fig. 4  Dynamic light scatter-
ing (DLS) representing particle 
size distribution as a function of 
percent intensity of phytosyn-
thesized silver nanoparticles at 
different light intensity viz. sun-
light a 67,000 lx, diffuse light b 
230 lx and dark c 0 lx
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monodispersed nature [68]. Present study showed silver 
nanoparticle synthesized under diffuse light represents 
small size particles and greater monodispersed nature 
than other conditions, supporting its selection over other. 
Thus while studying influence of pH and temperature on 
nanosilver formation, nano synthesis was conducted under 
diffuse light.

3.3  Effect of pH Variation of Phyto‑Extract 
on Synthesis of Silver Nanoparticles

On synthesizing silver nanoparticles with mulberry leaf 
extract adjusted to different pH gradient it was observed that 
acidic pH was not suitable for nanosilver synthesis while 
with increase in alkalinity, rate of synthesis was enhanced. 
In case of pH 12 within 2 min of addition of plant extract, 
appearance of dark brown colour was taken place while that 
of pH 7 and 9 it took ~ 20 min and 8 min respectively for col-
ouration to develop. On observing colour development pat-
tern it was noted that a colour scale of pale brown–brown-
dark brown was formed as the pH scale progressed from 
acidic to neutral and towards alkaline zone (Fig. 7). The pale 
brownish solution that was formed in acidic range turned 

transparent within 24 h of synthesis, indicating acidic pH 
range was not suitable for nanosilver synthesis. It has been 
reported that addition of NaOH enhanced the rate of reduc-
tion thereby promoting nanosilver synthesis [69], supporting 
the current observation.

UV–Vis spectrophotometric analysis showed no spec-
tral peak when nanosilver was prepared using mulberry 
leaf extract adjusted to pH 2 and 5 while peak amplitude 
enhanced with increase in alkaline condition (Fig. 8). Simi-
lar observation has been reported when nanosilver was pre-
pared using cyanobacterium Oscillatoria limnetica, showing 
colourless solution without any spectral peak at low pH and 
gradient of brown colouration with acute peak was observed 
as the pH increased [56]. Plasmon peak of 438, 420 and 
426 nm was observed when nanoparticles were synthesized 
using mulberry leaf extract having pH 7, 9 and 12 respec-
tively. At acidic pH, spectral band formation didn’t take 
place due to suppression of nano formation, while intense 
spectral band at neutral and alkaline pH was due to phenolic 
group ionization of leaf extract [70]. Spectral peak at pH 9 
showed blue shift in comparison to spectral peak at pH 7, 
while spectral peak at pH 12 showed red shift in comparison 
to spectral peak at pH 9. So a phenomenon of red-blue-red 

Fig. 5  Zeta potential showcas-
ing stability of phytosynthesized 
silver nanoparticles at different 
light intensity viz. sunlight a 
67,000 lx, diffuse light b 230 lx 
and dark c 0 lx
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Fig. 6  Transmission electron micrograph (i) and size distribution pattern (ii) of phytosynthesized silver nanoparticles at different light intensity 
viz. sunlight a 67,000 lx, diffuse light b 230 lx and dark c 0 lx

Fig. 7  Impact of pH variation of plant extract on phyto-synthesis of 
silver nanoparticles

Fig. 8  UV–Visible spectra depleting plasmon peaks of silver nano-
particles phytosynthesized by varying pH of plant extract
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shift was observed as the pH of the extract progresses from 
neutral-low alkaline-high alkaline stage. Minimal red-blue 
shift in the absorbance peak was mainly due to difference 
in particle size and shape. It has also been reported that 
at acidic pH due to aggregation of particles spectral peak 
became broader showing low absorbance value while maxi-
mum synthesis of nanoparticles took place at alkaline pH 
[48]. Anigol et al. [71] stated that alkaline pH was most 
suitable for nanoparticle synthesis with finest spectral peak 
noted at pH 9, supporting our spectral observation which 
also showed least wavenumber of 420 nm at pH 9.

The hydrodynamic size of phytosynthesized silver nano-
particles at different pH range by DLS analysis was found to 
be 39.13, 45.04, 29.13, 77.12 and 111.80 nm corresponds to 
pH 2, 5, 7, 9 and 12 respectively (Fig. 9). From DLS Z-aver-
age size it was observed that synthesized silver nanoparticles 
were in nanoscale with particle size increased at both acidic 
and basic pH, while least size dimension was observed at 
neutral pH. The DLS technique while measuring the particle 
size takes into consideration the solvent layer and capping at 
the interface [72]. The large particle size at alkaline pH was 
probably due to the presence of large number of reducing 
and capping agents surrounding the nanoparticles.

Obtained zeta potential of most intensified peak at pH 
2 and 5 was reported to be + 14.2 and + 19.5 mV covering 
67.4 and 56.6% of the total distribution respectively, indicat-
ing high instability because the zeta potential value was not 
greater than + 30 mV which was considered as the stable 
zone of silver nanoparticles. Beside this zeta potential at pH 
9 and 12 showed appearance of multiple peaks revealing its 
polydispersity and instability nature which was not fruitful 
from bioactivity point of view. Lack of stability of silver 
nanoparticles under alkaline condition was probably due 
to lack of stabilizing agent resulting in agglomeration [73]. 
The zeta potential of pH 7 was found to be + 36.4 mV and it 
was within the zone of stability, indicating that nanosilver 
prepared with mulberry leaf extract of pH 7, gave best and 
stable nano formation (Fig. 10). It has been reported that 
leaf extract of Aegle marmelos and Psidium guajava medi-
ated biosynthesis of silver nanoparticle showed optimum 
particle size with maximum nanoparticle synthesis at pH 7 
[74, 75], supporting our observation. Similarly silver nano-
particles synthesised with mango leaf extract demonstrated 
optimum pH of 7 for biosynthesis [28]. Maximum stability 
at pH 7 was probably due to surface charge on the nanopar-
ticles which maximizing the repulsive force among particles 
enhancing the stability [29].

TEM imaging of nanoparticles synthesized at pH 7, 9 and 
12 was conducted; rejecting pH 2 and 5 as the particles does 
not remain in suspension after synthesis. From TEM micro-
graph it was observed that synthesized particles were mostly 
spherical in nature (Fig. 11). Further it was observed that 
with increase in alkaline condition dimension of particle size 

increased. It was observed that silver nanoparticle synthe-
sized at pH 7 bears average particle size of 18.11 ± 2.55 nm 
with polydispersity of 8.78%, indicating monodispersed 
nature of most of the particles. Nanoparticles synthesized at 
pH 9 and 12 displayed average particle size of 25.48 ± 12.41 
and 29.04 ± 9.61 nm and polydispersity of 48.70 and 53.90% 
respectively. Obtained result clearly indicated that larger the 
pH more was the particle size and greater was the polydis-
persity. The pH of the reaction medium strongly influenced 
the size and shape of the synthesizing nanoparticles as it 
changed the nature of phytochemical present in the extract, 
affecting their binding potential with the metallic ions [59].

3.4  Effect of Temperature Variation on Synthesis 
of Silver Nanoparticles

With increase in temperature rapid nano formation took 
place. In case of 80 °C within 5 min of addition of plant 
extract appearance of dark brown colour took place, indicat-
ing nano formation. Time duration of nanosilver formation 
at 50 and 25 °C was 15 min and 30 min respectively. While 
at lower temperature range nano formation does occurs but 
takes more time than normal. The intensity of the colour var-
ied greatly, giving a colour gradient with temperature fluc-
tuation i.e. at higher temperature appearance of dark brown 
colour nano solution was observed while at lower tempera-
ture, appearance of pale brown colour nano was observed 
(Fig. 12). Firdhouse and Lalitha [76] while studying green 
synthesis of silver nanoparticles using extract of Amaranthus 
polygonoides noted that with increase in temperature rapid 
biosynthesis took place, supporting our observation.

On plotting UV–Vis spectral observation in the wave-
length range of 300–800 nm against absorbance it was 
noted that with gradual increase in temperature from 0 to 
80 °C, intensity of plasmon peak also increased (Fig. 13). 
The rate of synthesis of silver nanoparticles got elevated 
with increase in temperature as indicated from high absorb-
ance values [48]. It was reported that increase in amplitude 
of spectral peak with increase in temperature was due to 
increase in rate of reaction [77]. On analysing spectral peak 
as a function of wavenumber it was observed that nanopar-
ticles synthesized at all temperature grade gave same λmax 
of 432, indicating uniformity in particle shape as position-
ing of spectral band largely depended on particle size and 
shape [78].

On determining hydrodynamic diameter as a correlation 
function of the scattered intensity of the synthesized nano-
particles through DLS analysis, it was observed that at 25 °C 
lowest Z-average diameter of 29.57 nm was recorded which 
increases in both low and high temperature range (Fig. 14). 
It was observed that in comparison to Z-average diameter 
of 37.54 nm at 50 °C, silver nanoparticle formed at 10 °C 
and 0 °C gave greater dimension of 42.66 and 38.81 nm 



 Journal of Inorganic and Organometallic Polymers and Materials

1 3

particle sizes respectively. However highest hydrodynamic 
size of 57.68 nm was recorded at 80 °C, indicating at high 
temperature particle size increased. For particles in Brown-
ian motion increase in temperature increases the degree of 
momentum resulting in higher degree of collisions between 

nanoparticles causing aggregation and forming of larger 
sized nano particles [79]. Increase in van der Waals force 
of attraction between particles in the nano solution was the 
possible reason behind increase in particle size [80].

Fig. 9  Dynamic light scatter-
ing (DLS) representing particle 
size distribution as a function of 
percent intensity of silver nano-
particles phytosynthesized by 
varying pH of plant extract, a-e 
pH 2, 5, 7, 9 and 12 respectively
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On determining electrostatic stabilization of the nano-
particles through zeta potential, it was observed that at 
temperature 0, 10, 50, 80 °C zeta potential was obtained 
to be + 22.1, + 24.9, + 22.0 and + 7.36 mV (Fig. 15), cover-
ing a proportion of 77.6, 40.2, 65.0 and 48.3% of the total 
distribution respectively, indicating high instability because 

the zeta value was neither greater than + 30 mV nor less 
than − 30 mV which was considered as the stable zone for 
silver nanoparticles [81]. The zeta potential of nanoparticles 
synthesized at 25 °C was found to be + 37.4 mV and it was 
within the zone of stability, indicating that nanosilver pre-
pared at 25 °C was suitable for bioactivity. Particles having 

Fig. 10  Zeta potential demon-
strating stability of silver nano-
particles phytosynthesized by 
varying pH of plant extract, a-e 
pH 2, 5, 7, 9 and 12 respectively
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Fig. 11  Transmission electron micrograph (i) and size distribution pattern (ii) of silver nanoparticles phytosynthesized by varying pH of plant 
extract, a-c pH 7, 9 and 12 respectively

Fig. 12  Impact of temperature variation on phyto-synthesis of silver 
nanoparticles

Fig. 13  UV–Visible spectra depleting plasmon peaks of silver nano-
particles phytosynthesized at different temperature range viz, 0, 10, 
25, 50 and 80 °C
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zeta potential value outside stable range fails to generate 
required repulsive force resulting in aggregation forming 
large size dimension, explaining the possible reason for 
enhanced DLS particle size at low and high temperature 
[82].

TEM micrograph of synthesized silver nanoparticles 
showed the presence of spherical shape particles under 
all conditions (Fig. 16). Image J analysis of TEM micro-
graph displayed minimal variation in average particle size 
of 21.45 ± 8.44, 20.67 ± 6.44, 18.94 ± 5.30, 22.45 ± 7.93 
and 23.55 ± 5.92 nm for nanoparticles synthesized at 0, 

Fig. 14  Dynamic light scatter-
ing (DLS) representing particle 
size distribution as a function 
of percent intensity of silver 
nanoparticles phytosynthesized 
at different temperature range, 
a-e 0, 10, 25, 50 and 80˚C 
respectively
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10, 25, 50, 80 °C respectively. The obtained TEM result 
was in good agreement with the result of DLS analysis, 
showing least particle size at 25 °C. The increase in par-
ticle size with temperature elevation was probably due 

to aggregation of particles resulting from loss of affinity 
between capping molecules and phytosynthesized silver 
nanoparticles [15]. On analyzing variation in particle 
size with respect to polydispersity it was observed that 
from 0 to 80 °C polydispersity ranged between 25.14 and 

Fig. 15  Zeta potential indicating 
stability of silver nanoparticles 
phytosynthesized at different 
temperature range, a-e 0, 10, 25, 
50 and 80 °C respectively
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Fig. 16  Transmission electron micrograph (i) and size distribution pattern (ii) of phytosynthesized silver nanoparticles at different temperature 
range, a-e 0, 10, 25, 50 and 80 °C respectively
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39.33%, indicating least variation among treatments and 
monodispersity of particles by at least 60%. Thus silver 
nanoparticles synthesize under normal environmental tem-
perature range gives the best optimum result which bears 
an additional advantage as it will prevent loss of extra heat 
energy, as well as it will prevent the protein molecules 
present in the extract acting as capping and reducing agent 
from denaturation at high temperature [83].

3.5  Long Term Stability Assessment 
of Phytosynthesized Silver Nanoparticles

For assisting long term stability, UV–Visible spectral read-
ings were taken at 10 days interval for the period of 60 days 
and the nature of peak deformation and stability were stud-
ied, as UV–Vis spectroscopy was considered as valuable 
technique for asserting formation and stability of synthesized 
metal nanoparticles [15]. It was observed that nanosilver 
prepared at pH 12 and 9 are gradually getting deformed with 
storage duration, as revealed by appearance of peak plateau 

with increase in days of storage (Fig. 17), supporting the 
observation of zeta potential described above. Peak deforma-
tion was more prominent for nanosilver prepared at pH 12 
showing gradual bluntness from 20 days onward while that 
for pH 9, visible changes was noticed after 40 days of stor-
age. Nanosilver prepared at pH 7 able to maintain its normal 
peak sharpness almost till the last day of storage, indicat-
ing its high stable nature. With increase in days of storage 
gradual red shift in spectral peak was noticed for nanosilver 
synthesized at alkaline pH indicating aggregation of parti-
cles resulting in large size with instable nature, as red shift 
in the wavelength of plasmon peak indicates instability [84].
On analyzing graphical spectral peaks of nanosilver prepared 
at different temperature, no striking change was noted dur-
ing long term stability assessment, indicating that nanosilver 
prepared at any temperature range able to retain its natural 
texture for a longer period of time (Fig. 18). However slight 
increase in absorbance value with increase in days of storage 
was probably due to precipitation of large size particles over 
time. Silver nanoparticles synthesized by chemical reduction 

Fig. 17  Long term stability assessment as a function of plasmon peak deformation through UV–Vis spectrophotometer of silver nanoparticles 
phytosynthesized by varying pH of plant extract, a-f spectral reading at an interval of 10, 20, 30, 40, 50, 60 days
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process had displayed no significant change in the peak posi-
tion in the reaction mixture till 30 days [85]. Current study 
reports better performance of silver nanoparticles synthe-
sized by green technology showing additional stability under 
defined condition of pH 7 and 50 °C. Long term stability 
of green synthesised colloidal silver nanoparticles has been 
reported by Velgosová and Mražíková [86]. Long term sta-
bility of silver nanoparticles greatly depends on nature of 
associated stabilizing and capping agents [87]. Thus it may 
be stated that the presence of sufficient potentiality in phy-
toconstituents of mulberry leaves was the ensuring factor 
for the long time stability to synthesized silver nanoparticles 
prepared at pH 7 and 25 °C.

3.6  Bioactivity Assessment of Prepared Nanosilver 
Solution

Application of mulberry leaves was well documented in silk 
industry, as they serve as feeding material for lepidopteron 
insect Bombyx mori [88]. Silk farmers stores these leaves 
during rainy season, as feeding wet leaves increases Bombyx 
mori mortality rate. During storage microbial proliferation 

blocks the normal conducting pathway resulting in early 
senescence. Use of preservative solution bearing potent 
antimicrobial agent like nanosilver may solve the quandary. 
On preserving mulberry leaves for 7 days with nanosil-
ver solution phytosynthesized with mulberry leaf extract 
adjusted to pH 2, 5, 7, 9 and 12, it was observed that with 
increase in days of preservation gradual depletion of leaf 
quality (i.e. yellowing of the leaves) takes place in leaves 
preserved in nanosilver solution of pH 2, 5, 9 and 12 respec-
tively. Maximum yellowish texture was noticed in leaves 
preserved in pH 12 followed by pH 2 (Fig. 19), indicating 
that high acidic and alkaline nature was not suitable for post-
harvest leaf preservation. The best quality of leaf preserva-
tion (complete greenish nature was maintained till the last 
day of preservation) was observed in nanosilver solution 
synthesized at pH 7. On preserving mulberry leaves with 
nanosilver solution prepared at different temperature viz. 0, 
10, 25, 50 and 80 °C it was noted that nanosilver synthesized 
at low temperature and at higher temperature was not suit-
able for leaf preservation because in both the cases, decol-
ouration of leaves was observed after 4 days onwards. The 
ideal temperature for nano formation at which best quality of 

Fig. 18  Long term stability assessment as a function of plasmon peak deformation through UV–Vis spectrophotometer of phytosynthesized sil-
ver nanoparticles at different temperature range, a-f spectral reading at an interval of 10, 20, 30, 40, 50, 60 days
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leaf preservation can be achieved was 25 °C (Fig. 20). Leaf 
preserved with nanosilver prepared at 25 °C able to retain 
its natural condition till the last day of preservation, indicat-
ing its bioactive nature. Bioactive silver nanoparticles are 
reported to have significant antimicrobial property as they 
bears the potentiality to alter microbial membrane struc-
ture, as well as causes damage to DNA backbone and inter 
cellular proteins [89]. This antimicrobial property was the 
probable cause for prolonging shelf life of mulberry leaves, 
as this property of silver nanoparticles has previously been 
reported for extending shelf life of post harvest flowering 

twigs like Chrysanthemum [90], Gerbera [91], Polianthus 
tuberosa [92].

Further verification of leaf quality was done through 
determination of chlorophyll content, as changes in chloro-
phyll content can serve as a potential tool for detecting post-
harvest stress that causes membrane changes in plant cells 
[93]. In postharvest physiology, chloroplasts are considered 
as one of the most sensitive membrane systems, equivalent 
to mitochondrial membranes [94]. Chlorophyll estimation 
of preserved leaves in nanosilver solution prepared under 
different pH showed depletion of chlorophyll content from 

Fig. 19  Physical condition of mulberry leaves preserved in nanosilver solution phytosynthesized with mulberry leaf extract adjusted to pH 2, 5, 
7, 9 and 12
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4 day onwards (Table 1). Leaves preserved in nano solu-
tion of pH 12 showed maximum depletion in chlorophyll 
content followed by pH 2, while pH 5 and 9 showed almost 
similar depletion pattern. Leaves preserved in nanosilver of 
pH 7 showed retention of chlorophyll content till the last 
day of preservation. Chlorophyll content decreases sharply 
from 4 day onwards in leaf preserved in nanosilver pre-
pared at 0 °C. Leaves preserved in nano solution prepared 
at 10 °C also showed depletion in chlorophyll content but 
the amount of depletion was less than 0 °C. A little depletion 
in chlorophyll content was also noted in leaves preserved in 

nanosilver solution prepared at 50 and 80 °C. The highest 
retention of chlorophyll content was noted in leaves pre-
served in nanosilver solution prepared at 25 °C. Decrease 
in chlorophyll content during vase life was mainly due to 
accelerated senescence of harvested leaves causing loss 
of metabolic protein and chlorophyll content and thereby 
promoting the process of ageing [95]. Thus by analyzing 
chlorophyll retention pattern in the current study, it is clear 
that nanosilver prepared with plant extract maintaining pH 
7 and 25 °C gives best bioactive nanoparticles effective in 
post harvest preservation of mulberry leaves.

Fig. 20  Physical condition of mulberry leaves preserved in nanosilver solution phytosynthesized at different temperature range viz. 0, 10, 25, 50 
and 80 °C
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4  Conclusion

Current study indicated successful phytosynthesis of silver 
nanoparticles via simple biological protocol at different 
pH and temperature gradient using aqueous leaf extract of 
Morus alba that supplied both reducing and stabilizing agent 
during bioreduction. It was observed that best nanosilver for-
mation takes place under diffuse light giving a size dimen-
sion of 21.58 nm having stable zeta value of + 46.2 mV. It 
can also be concluded that acidic pH was not suitable for 
nanosilver biosynthesis while rapid synthesis of nanosilver 
takes place as the pH progresses towards alkalinity. Minor 
variation in particle size was noted on synthesizing silver 
nanoparticles at different temperature range with least size 
dimension of 18.94 nm at 25 °C. Initial stability assessment 
through zeta potential and long term stability assessment 
through UV–Visible spectrophotometer clearly indicate that 
most stable and durable nanosilver was synthesized under 
diffuse light maintaining pH 7 and temperature of 25 °C. 
Biosynthesized silver nanoparticles at pH 7 and 25  °C 
showed potent bioactivity as they are effective in extending 
post harvest shelf life of mulberry leaves by 7 days.
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Abstract
The present study deals with a current arising problem of landless farmers and a challenge in solving an age-long difficulty 
of silk farmers: feeding of larvae during rainy season. On feeding wet mulberry leaves, the mortality rate of larvae increases, 
as a result of which productivity decreases. Biogenic synthesized silver nanoparticles were found to be effective in preserv-
ing mulberry leaves at the post-harvest stage. A major threat during preservation is the decline in the protein content of 
leaves, putting a negative impact over productivity, as leaf protein content is a major contributor towards silk gland develop-
ment. Another threat resides with the generation of excessive reactive oxygen species (ROS), causing cellular damage and 
thereby enhancing senescence. SDS (sodium dodecyl sulphate) gel analysis of mulberry leaf protein reflects the preservative 
potential of nanosilver solution. Leaves preserved in nanosilver solution showed gel banding pattern almost constant till the 
entire duration of preservation, i.e. for 7 days, and the banding pattern was more prominent and invariable than the banding 
pattern showed by leaf protein preserved in silver nitrate and distilled water. SDS banding pattern of silkworm larvae fed 
with nanosilver-preserved leaves appeared almost similar to that of larvae fed with fresh leaves, which also reflects a high 
preservative potential of nanosilver solution. Through isozyme profiling, superoxide dismutase (SOD) and catalase (CAT) 
activity was found to be active in both nanosilver-preserved mulberry leaves and silk gland of larvae fed with the same 
preserved leaves;also, this up-regulated peroxidase activity was observed in preserved leaves. Isozyme profiling reflects 
the presence of sufficient defensive activity to protect against damage caused by ROS accumulation. OHR-LCMS profiled 
proteins through string analysis detected involvement of photosynthesis-associated proteins and stress-inhibiting proteins, 
helping to prevent senescence and thus enhancing shelf life.

Keywords Nanosilver · Mulberry leaf preservation · Silkworm · SDS PAGE · Native PAGE · OHR-LCMS

Introduction

Silkworm, a lepidopteron group of insect, is often consid-
ered as “Queen of textiles” for producing economically 
important silk fibre (Soumya et al. 2017). Production of 
high-quality cocoon depends on larval internal metabolism 
and nutritional quality of mulberry leaves (Nagaraju 2002). 
The food habit of silkworm larvae is very sensitive, as it 
requires proper balance of carbohydrate, proteins, amino 
acids, fatty acids, vitamins and various micronutrients for 
normal growth and development of the silk gland (Wani 

et al. 2018). Alebiosu et al. (2013) reported that mulberry 
leaves directly contributes 70% of the total proteins present 
in silk fibre. The ability of silkworm larvae in converting 
mulberry leaf protein to silk protein depends on their dietary 
efficiency, which in turn depends on the quality of mulberry 
leaves they feed upon, their tenderness, thickness and tight-
ness (Sharma et al. 2018). Low-quality feeding results in 
inferior quality small size cocoon and less number of eggs; 
besides these, it also affects larval growth rate, body weight, 
survival rate, longevity, movement and competitive ability 
(Hossain et al. 2016).

The agro-based silk industry is considered as a rural 
lifeline of India, as it generates employment to millions of 
rural and sub-rural people, improving their economic status 
(Bukhari and Kour 2019). The silk industry was divided 
into different sub-categories according to division of labour, 
viz. mulberry cultivation, silkworm rearing, egg production, 
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reeling and weaving and lastly marketing (Bhat and Choure 
2014). In comparison to men, more women participants are 
involved in sericulture practice. Women are actively involved 
in silkworm rearing and management practices. It has been 
reported that in mulberry cultivation and silkworm rearing, 
50% and 60% women participation was involved, respec-
tively (Kasi 2013). The number of people participating in 
this practice has been decreasing regularly due to urbaniza-
tion and increase in cost of articles required for carrying 
out rearing practices. Besides these regular purchasing of 
leaves by the landless farmers, their transportation charges 
also increase the cost of overall rearing, as a result farmers 
leave their ancestral practice and move to urban cities in 
search of employment.

Another major challenge faced by the silk industry is in 
silkworm rearing during rainy season. During rainy season, 
feeding of larvae with wet leaves leads to the development of 
larval disease, resulting in a high mortality rate and decreas-
ing productivity. Traditional practitioners have overcome 
this problem for a long time by adopting the strategy of leaf 
storage. The hurdle that is faced during storage is nutritional 
depletion and dryness of leaves, resulting in inferior-qual-
ity cocoons. Post-harvest leaf preservation in preservative 
solution by retaining the natural conditions of leaves may 
help to overcome this problem. The disadvantage of using 
preservative solution is microbial proliferation resulting in 
blockage of xylem elements, inhibiting normal physiological 
processes and resulting in senescence. Merzlyak and Hen-
dry (1994) reported that microbial proliferation increases 
reactive oxygen species (ROS), and free radical percentage 
inside the tissue causes rapid senescence and degradation of 
macromolecules. Das and Roychoudhury (2014) stated that 
ROS cause damage at cellular level by degrading pigment, 
proteins and nucleic acid.

Nanosilver solution acts as an effective antimicrobial 
agent, as it damages bacterial cellular organization by releas-
ing silver cations (Paszek et al. 2012). The bactericidal activ-
ity of silver nanoparticles was due to the electrostatic force 
of attraction between positively charged nanoparticles and 
negatively charged microbial membrane (Stoimenov et al. 
2000). Due to the presence of antimicrobial property, sil-
ver nanoparticles were used to extend the vase life of horti-
cultural crops such as carnation flower (Naing et al. 2017), 
Chrysanthemum (Carrillo-López et al. 2016), rose (Hashe-
mabadi et al. 2014), Gerbera (Mohammadiju et al. 2014) and 
tuberose (Bahrehmand et al. 2014).

Literature survey reports the application of laser ablation, 
electron irradiation, gamma irradiation, thermal decomposi-
tion, chemical reduction, phytochemical reduction, micro-
wave processing and green technology for silver nanoparti-
cles synthesis (Iravani et al. 2014; Nadagouda et al. 2011; 
Akhbari et al. 2010). Among the different methods of nano-
synthesis, green technology, often called biogenic method 

or biological methods, gains additional advantage over other 
methods as it is environment friendly, nontoxic, economical 
and less time consuming (Parveen et al. 2016). Biosynthesis 
of nanoparticles has been reported using algae, fungi, yeasts, 
bacteria and different plant parts (Shaik et al. 2018; Raja-
gopal et al. 2015; Rauwel et al. 2015). In the present study, 
mulberry leaf extract was used for nanosilver biosynthesis. 
There are two reasons behind selecting mulberry leaf extract 
as a bioreducing agent in the current study. First, the phyto-
constituents present in mulberry leaves extract act as reduc-
ing and capping agent during bioreduction of silver nitrate 
to nanosilver. When this biosynthesized nanosilver is used 
as preservative solution, it will not have any harmful toxic 
effect because the phytoconstituents present in the preserva-
tive solution are the same constituents that are present inside 
the leaves that were preserved. Secondly, the phytochemi-
cal constituents present inside mulberry leaves bear strong 
antimicrobial, antioxidant activity (Wattanapitayakul et al. 
2005; Sohn et al. 2004; Oh et al. 2002), and this property 
will be useful for extending the post-harvest shelf life of 
mulberry leaves using nanosilver solution synthesized by 
mulberry leaf extract.

Application of metallic nanoparticles has been well 
documented at various industrial levels because of their 
environmental-friendly approach, which is crucial under 
the scenario of increasing environmental hazards. Imple-
mentation of nonmaterial for the development of novel 
chemical mechanical polishing (CMP) slurry such as nickel 
alloy (used in semiconductor and microelectronics indus-
try), titanium alloy (used in automobile, aerospace, medi-
cine equipment and phytochemical industry), and copper 
alloy (used in battery and electronic product manufacturing 
industry) has greatly reduced the environmental contami-
nation level caused by traditional industries (Zhang et al. 
2018, 2019,2020). Nanotechnology has been successfully 
implemented for the development of environment-friendly 
nanometer chips of silicon wafers (Yu et al. 2013) and soft-
brittle HgCdTe films (Zhang et al. 2012) by the induction 
of ultrafine diamond grid that significantly reduces the 
surface roughness on the work specimens. Due to the non-
toxic nature and abundance of silicon in the Earth’s crust, 
the nanostructure in silicon is used to manufacture ultrathin 
flexible integrated circuits, solar cell, transistors, electrodes 
and other microelectronics by the application of high-speed 
diamond scratching on silicon wafers at nanoscale depth 
(Wang et al. 2018; Zhang et al. 2015). Industrial application 
of silicon carbide nanowires in high-performance nanowire-
based devices is reported to be highly environment friendly, 
as it helps to avoid catastrophic failure when working in 
extreme environmental condition (Cui et al. 2019a, b). In 
the construction field, bio-friendly carbon nanotubes are 
used in concrete for maintaining the mechanical durability. 
Copper oxide nanoparticles are used in steel for developing 
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corrosion-resistant property and silver nanoparticles are 
used for manufacturing paints due to their biocidal activity 
(Lee et al. 2010). Apart from conventional industrial appli-
cation of metallic nanoparticles, eco-friendly fabrication 
of green biosynthetic metallic nanoparticles has drawn the 
attention of modern day industries. Green synthesized metal-
lic and metallic oxide nanoparticles of gold, silver, lead, 
iron, zinc oxide and titanium oxide hold diverse applica-
tions in the field of biomedical science (viz. wound dressing, 
bone cementing, cancer therapy, medical diagnostic and sen-
sor, antimicrobial activity, antifungal activity and antiviral 
activity), environmental remediation (viz. metal absorption 
and biorecovery), catalytic degradation of organic pollut-
ant (viz. catalytic dehalogenation, catalytic 4-nitrophenol 
degradation, dye removal, catalytic Cr(VI) reduction) and 
wastewater treatment (Madkour 2018; Schröfel et al. 2014). 
Among different biosynthesized metallic nanoparticles, 
silver nanoparticles gain special importance due to their 
diverse sector application. Application of biogenic silver 
nanoparticles was reported in the field of biomedical science 
(viz. antibacterial, antifungal, antiviral, anti-inflammatory, 
antiangiogenic, wound healing, drug delivery and anticancer 
activity), environmental purification activity (viz. ground-
water and biological wastewater disinfection, drinking water 
disinfection and air disinfection), textiles application (viz. 
medicinal textiles—devices and UV rays blocking textile) 
and in food processing and packaging industry (Verma and 
Maheshwari 2019). Due to the presence of antimicrobial 
activity of biosynthesized silver nanoparticles against a wide 
range of microorganisms, it is actively used in the food pack-
aging industry and cosmetic industry as preservative (Sim-
bine et al. 2019; Kokura et al. 2010). Due to the presence of 
bactericidal activity, silver nanoparticles are used as coating 
material or in vase solution to enhance the shelf life of post-
harvest edible fruits, vegetables and flowering twigs (Xing 
et al. 2019; Gao et al. 2017; Carrillo-López et al. 2016; Bah-
rehmand et al. 2014).

The current study was conducted with a hypothesis that 
biogenic silver nanoparticles will act as an effective preserv-
ative in preserving mulberry leaves at post-harvest stage of 
preservation. The preserved leaf will retain normal physical 
and physiological texture as that of fresh leaves, especially 
protein content which is required for silk gland development 
and cocoon formation.

The present approach deals with the evaluation of the pro-
tein profile of preserved mulberry leaves, as well as assess-
ment of larval growth and cocoon parameters on feeding 
with the same preserved leaves. The preservative potential of 
nanosilver was evaluated with respect to silver nitrate (posi-
tive control) from which it was prepared with distilled water 
serving as negative control. The evaluation of the protein 
profile of preserved leaves was conducted through sodium 
dodecyl sulphate–polyacrylamide gel electrophoresis (SDS 

PAGE) with respect to fresh leaves to assess whether there 
is any protein depletion during preservation. SDS PAGE 
analysis of silk gland, fat body, haemolymph and stomach 
protein of silkworm larvae was also conducted to assess 
the changes in protein content on feeding preserved leaves. 
Besides this, OHR-LCMS analysis was conducted to iden-
tify proteins present in differentially expressed SDS bands. 
Isozyme pattern of mulberry leaves and silk gland protein 
was also conducted to assess antioxidant defensive activity 
present inside preserved leaves and silkworm larvae fed with 
the same preserved leaves.

Materials and methods

Leaf sample collection

S1 genotype of mulberry leaves were collected from mul-
berry germplasm garden (26°50′58.3′′N 88°26′26.9′′E), 
Department of Botany, University of North Bengal, Siliguri, 
West Bengal, India.

Biogenic synthesis of silver nanoparticles

Plant extract preparation

For preparing extract, 10 g leaf sample was measured (Sarto-
rious Lab Instruments GmbH & Co. KG, Model No. QUIN-
TIX224–10IN), washed well with distilled water, and then 
finely chopped into small pieces. Chopped leaves were trans-
ferred to a conical flask (Borosil Make) containing 100 ml 
double distilled water and was allowed to reflux for 1 h at 
100 °C. At the end of refluxing, pale yellowish coloured 
plant extracts were collected.

Preparation of silver nitrate  (AgNO3) solution

For biogenic synthesis of silver nanoparticles preparation, 
 10–3 M silver nitrate (v800358-25G, Batch # 0,000,003,756, 
VETEC) solution was prepared.

Nanoformation and validation

To the prepared silver nitrate solution, mulberry leaf extract 
was added dropwise in the ratio of 10:1. For uniform mix-
ing, a magnetic stirrer (REMI Equipments) was used. The 
appearance of a brown colour solution indicates silver nano-
particles formation.

The obtained nanosolution was further evaluated using 
UV–visible spectrophotometer (SYSTRONICS-2201) in a 
wavelength range of 300–800 nm.
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Leaf preservation

Fresh, healthy and disease-free leaves were collected from 
mulberry germplasm garden during daytime between 6 and 
7 am. Collected leaves were preserved in 6 ppm nanosilver 
solution and, for assisting the nature of preservation, 6 ppm 
silver nitrate was taken as positive control and double dis-
tilled water as negative control. Before leaf preservation, a 
fine oblique cut of petiole under water was made for main-
taining an intact water column. Leaves were preserved in 
superior-quality plastic glasses containing 20 ml preserva-
tive solutions. For retaining moisture content, glasses con-
taining the leaves were inserted into a perforated zipper bag, 
through which gaseous exchange can also be maintained.

The preserved mulberry leaves were used for SDS gel 
electrophoresis and isozyme analysis. Preserved leaves were 
also used for larval rearing for studying the impact of feed-
ing preserved leaves through larval parameters. Preserved 
leaves fed larvae were also used for analysing SDS PAGE 
and native PAGE.

Larval rearing and cocoon parameters

Fifth instar larvae were collected from Matigara Sericulture 
farm (26˚70′40″N and 88°35′37″E), Matigara, Siliguri, West 
Bengal. The rearing process was done in laboratory condi-
tion following the standard procedure of Krishnaswami et al. 
(1978). The larvae were distributed in different bamboo trays 
for different treatments and each tray contained 13 larvae. 
Three replica plates for each treatment were used. In one set, 
freshly collected (S1 variety) mulberry leaves were provided 
for feeding, while in other sets distilled water, silver nitrate 
and nanosilver-treated preserved leaves were provided. At 
the end of the rearing process, single shell weight (SSW), 
shell ratio (SR) (%), single cocoon weight (SCW), effective 
rate of rearing (ERR) (%), and mortality rate (MR) (%) were 
calculated using the following formulae:

SCW=
weight of the cocoons (gm)

total number of cocoons
,

SSW =
weight of the shells (gm)

total number of shells
,

SR (%) =
single shell weight (gm)

single cocoon weight (gm)
× 100,

ERR (%) =
total number of cocoon harvested

total number of larvae brushed
× 100,

MR (%) =
number of death larvae

total number of larvae
× 100.

SDS gel electrophoresis

Extraction of leaf protein

Liquid nitrogen treatment of the preserved and fresh leaves 
was done in a mortar and pestle. To the fine powder of the 
sample which was obtained through cryocrushing, lysis 
buffer was added containing trichloroacetic acid, dithi-
otreitol and acetone and mixed thoroughly. The lysate was 
added to fresh Eppendorf tube with some more lysis buffer 
for proper lysis of the cells. The Eppendorf tube was vor-
texed for uniform mixing of the content. After vortexing, 
the tube was incubated at – 20 °C for 40 min, so that the 
proteins were precipitated in the buffer solution. At the end 
of incubation, the tube was centrifuged at 14,000 rpm for 
30 min, maintaining temperature at 4 °C. The supernatant 
obtained from centrifugation was carefully discarded with-
out disturbing the pellet. To the pellet, 1 ml wash buffer con-
taining dithiotreitol and acetone was added and incubated 
at − 20 °C for 30 min. Following incubation, centrifugation 
at 14,000 rpm for 15 min was done and the supernatant was 
carefully removed. The pellet was air dried and added to the 
rehydration buffer containing CHAPS and urea to solubilize 
and denature the protein, respectively.

Extraction of larval protein

On the final day of the fifth instar, i.e. before the larvae 
starts spinning, some larvae were selected for dissection. 
After anatomical dissection, different body parts of larvae 
were isolated, viz. silk gland, haemolymph, stomach and fat 
body. Dissected body parts were crushed with phosphate 
buffer (pH = 7.5) to extract the proteins and stored at -20 ̊ C.

Sodium dodecyl sulphate–polyacrylamide gel 
electrophoresis (SDS PAGE)

SDS PAGE was done in Bio Rad Mini PROTEAN Tetra Cell 
following the standard protocol of He (2011).

Preparation of acrylamide and bisacrylamide

For SDS gel electrophoresis, 29.2% (w/v) acrylamide and 
0.8% (w/v) N′N′-bis-methylene-acrylamide were dissolved 
in 100 ml double distilled water. The prepared stock solution 
was filtered and stored in a dark glass bottle at 4˚C.

Sodium dodecyl sulphate (SDS) preparation

For resolving gel and stacking gel 0.4% (w/v) 0.8% 
(w/v),respectively, SDS solution was prepared and stored 
at room temperature.
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Tris–HCl (pH = 8.8) preparation for resolving gel

1.5 M Tris–HCl was prepared by adding Tris free base into 
15 ml of double distilled water and the pH was adjusted to 
8.8 using 1(N) HCl. The final volume was made up to 25 ml 
and stored in 4 ˚C.

Tris–HCl (pH = 6.8) preparation for stacking gel

1 M Tris–HCl was prepared by adding Tris–hydrochloride 
into 15 ml of double distilled water and the pH was adjusted 
to 6.8 by using 1(N) HCl. The final volume was made up to 
25 ml and stored at 4 ˚C.

Sample loading buffer preparation

For loading buffer preparation, 24 mg Tris free base, 5 mg 
EDTA, 200 mg SDS and 1 g sucrose were dissolved in 19 ml 
of double distilled water and adjusted to pH 8. Then 20 mg 
Bromophenol blue was added and the solution filtered by 
filter paper. Finally, 1 ml β-mercaptoethanol was added and 
stored in a dark bottle at 4˚C.

Electrophoresis running buffer (pH = 8.3) preparation

A running buffer was prepared by dissolving 3.03 g Tris 
base, 14.4 g glycine and 1 g SDS into 800 ml double distilled 
water and the pH adjusted to 8.3. The final volume was made 
up to 1000 ml and stored at 4˚C.

Ammonium persulphate preparation

10% APS was freshly prepared.

Sample preparation

Sample loading buffer and sample was mixed in the ratio of 
1:2 and heated at 95 ˚C for 1 min and was gently loaded into 
the wells of stacking gel.

Gel formulations

Stacking and resolving gels were prepared using distilled 
water, 30% acrylamide-bisacrylamide, gel buffer and SDS 
in the ratio of 5% and 10%, respectively.

Electrophoresis setup

At the onset of running, the electrode containing the gel was 
transferred into the electrophoresis tank (Bio Rad, model 
no. Mini PROTEAN Tetra Cell, serial no. 552BR 0 2 8 2 
4 7) and running buffer was added. Then the protein sam-
ples were loaded to their respective lanes, after which the 

entire setup was eletrophoresed at 50–60 V using electro-
phoresis power (GeNei, Model no: SLM-LVP-300, Sl no. 
20091011185).

Stain preparation

For staining the gel after electrophoresis, a solution consist-
ing of methanol, acetic acid and double distilled water in 
the ratio of 5:1:4 was prepared and to it 0.25% Commassie 
brilliant blue R-250 was added, dissolved and filtered. The 
gel was transferred into the stain and was incubated for 6 h 
at room temperature.

Destain preparation

The gel was transferred to the destaining solution consisting 
of methanol, acetic acid and double distilled water, leading 
to the appearance of protein bands.

The protein banding pattern obtained through gel elec-
trophoresis was scanned under GS-800 calibrated densitom-
eter (Model no. Powerlock 2100XL-USB) and was analysed 
using Image Lab Software var. 5.1.

Native PAGE

Preparation of plant extract and larval extract

For analysing isozyme pattern, preserved leaves were first 
cryocrushed and then mixed with phosphate buffer specific 
for different isozymes. The buffer containing the sample 
was incubated for 30 min at – 20 °C and then cold centri-
fuged to collect the supernatant. The collected superna-
tant was stored at – 20 °C and was used for detecting the 
presence of specific isozyme through gel electrophoresis. 
As silk gland is responsible for silk production, isozyme 
analysis (Catalase, NADPH Oxidase and Superoxide 
dismutase) of only silk gland protein was done. The silk 
glands were crushed with phosphate buffer (pH = 7.5) to 
extract the proteins and stored at -20 ̊C.

Electrophoresis setup

Isozyme patterning was conducted under freezer condi-
tion for protecting protein present in the collected super-
natant from denaturation following the standard protocol 
of Williams and Reisfeld (1964). Native PAGE was almost 
similar to SDS PAGE mentioned above, but with slight 
differences which are as follows: no SDS was used, sample 
was not heat destabilized prior to use and the entire setup 
was maintained at cold condition (4 °C).
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At the end of electrophoresis, specific staining of the 
obtained gel was done according to the nature of the isozyme 
to be detected.

Staining of isozymes

NADPH oxidase (NOX)

Isozyme pattern analysis of NADPH oxidase was performed 
under ice-cold condition as described by Frahry and Schop-
fer (2001). The gel was stained in a solution mixture consist-
ing of 10 mM Tris buffer (pH = 7.4), 0.05 gm nitroblue tetra-
zolium (NBT) and 134 μM NADPH. The gel was soaked 
in this staining solution in ice cold condition until the band 
was developed.

All the isozyme gel banding patterns were scanned under 
GS-800 calibrated densitometer (Model no. Powerlock 
2100XL-USB) and analysed using Image Lab Software var. 
5.1.

Superoxide dismutase (SOD)

According to the method prescribed by Pereira et al. (2002), 
the isozyme pattern of superoxide dismutase was detected. 
After completing the electrophoresis process, the gel was 
transferred to the staining solution containing a mixture of 
0.05 M potassium phosphate buffer (pH = 7.0), 1 mM EDTA, 
0.05 mM riboflavin, 0.1 mM NBT, and 300 µl TEMED (N, 
N, N, N-tetramethylenediamine) and incubated in dark at 
room temperature for 30 min. After incubation, the gel was 
rinsed with double distilled water and kept in a light box 
until the bands became visible.

Catalase (CAT)

The staining of catalase isozyme was done by following the 
procedure of Woodbery et al. (1971). The gel was soaked in 
5 mM  H2O2 (hydrogen peroxide) and incubated for 10 min. 
After incubation, the gel was washed with double distilled 
water and then incubated in a solution containing equal vol-
ume of 2% pottasium ferricyanide (w/v) and 2% ferric chlo-
ride in dark at room temperature until bands were developed.

Peroxidase (POD)

Peroxidase activity was detected following the procedure 
prescribed by Janda et al. (1999). The gel was soaked in a 
solution of 0.05 M borate buffer containing 5 mM benzidine. 
To this solution mixture, 5 mM  H2O2 was added and incu-
bated in dark ice-cold condition until the bands were visible.

Orbitrap liquid chromatography mass spectrometry

The most prominent differentially expressed SDS band 
of mulberry leaf preserved in nanosilver solution and 
differentially expressed silk gland protein of larvae fed 
with nanosilver-preserved leaves were selected for liq-
uid chromatography mass spectroscopy (Q-Exactive Plus 
Biopharma-High Resolution Orbitrap, Thermo Fisher Sci-
entific Pte. Ltd.).

Column details

Analytical column

Ultrahigh-resolution separation was done on PepMap RSLC 
 C18 2um column, 100A × 50 cm. Pre-column: Acclaim Pep-
Map 100, 100um × 2 cm nanoviper.

Mobile phase

Solvent ‘A’: 0.1% formic acid (FA) in MilliQ water and sol-
vent ‘B’: 80:20 (ACN:MilliQ water) + 0.1% FA was used.

Run time

The sample was run for 1 h.

Data analysis software

Thermo Proteome Discoverer 2.2 was used for analysing the 
obtained peptide sequences.

Databases used

Morus alba database and Bombyx mori database were used 
for identifying the leaf peptides and silk gland peptides 
sequences obtained from OHR-LCMS analysis, respectively.

STRING analysis

The obtained proteins were grouped and their possible rela-
tions were analysed using STRING (Version 11.0) under 
multiple protein category to obtain the network of pro-
tein–protein interaction, which helped to identify the pro-
teins involved in extending the shelf life of mulberry leaves 
and preventing larval mortality on feeding leaves preserved 
with nanosilver solution.

In‑gel digestion of differentially expressed SDS 
band

First, the differentially expressed gel pieces were rinsed 
with 100  µl 25  mM ammonium bicarbonate (ABC) 
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solution. The gel was then dehydrated with 100 µl mixed 
solution of acetonitrile (ACN): 50 mM ABC for 5 min in 
the ratio of 2:1 (Solution ‘A’). On removing supernatant, 
100 µl 25 mM ABC was added and incubated for 5 min, 
followed by dehydration in solution ‘A’. This process was 
repeated two times before proceeding towards reduction 
steps for possible breakage of disulphide bonds. Dur-
ing rehydration, the gel slices were rehydrated in 50 µl 
10 mM dithiothreitol (DTT) and incubated at 56˚C for 
1 h. Then, DTT was removed, and gel slices were rinsed 
with 100 µl 25 mM ABC. The gel slices were incubated 
in dark for 30 min with 100 mM IAA. After 30 min, IAA 
was removed, and the gel slices were rinsed with 100 µl 
ABC. After reduction, the gel slices were again dehydrated 
in the same manner described above. Then the gel slices 
were rehydrated with trypsin (Promega sequencing Grade 
trypsin) at 0˚C, mixed with 25 mM ABC and incubated 
for 30 min, until trypsin was absorbed. The gel slices were 
transferred in a tube and incubated at 37˚C for 16 h with 
25 mM ABC. At the end of incubation, extraction was 
done by removing the supernatant and the gel slices were 
vortexed with 100 µl extraction buffer having 50% ACN 
and 0.1% TFA for 10 min and pooled into a single tube. 
Again, 100 µl extraction solution was added having 60% 
ACN and 0.1% TFA and was allowed to sonicate for 1 min 
(2 s pulse, 1 s gap, 25% amplitude), followed by vortexing 
for 10 min and finally the supernatant was added to the 
previously pooled sample. Extraction was repeated with 
80% ACN and 0.1% TFA and vortexed for 10 min and the 
supernatant was collected. The vacuum concentration of 
supernatant was done to 20 ul.

Zip Tip C18 for MS Analysis

The supernatant obtained from in-gel digestion was used 
for Zip Tip analysis. 10 µl 100% HPLC-grade acetonitrile 
was aspirated into the tip to get rid of waste, followed by 
addition of washing solution (0.1% TFA in MilliQ water) 
into the tip and dispensed to waste. The bound peptides 
with Zip Tip pipette tip were aspirated and dispensed up 
to ten cycles. After that, the washing solution was added 
to dispense the waste. The process was repeated five times. 
Finally, 3–5 μl of elution solution (50% acetonitrile in 
0.1% TFA) was added into a clean Eppendorf tube. The 
eluent present in the Zip Tip was aspirated and dispensed 
eight times without introduction of air.

Results and discussion

Formation of silver nanoparticles

Reduction of silver ion by the addition of plant extract was 
primarily characterized by observing the colour changes 
from transparent to dark brown, which was the basic indi-
cation of silver nanoparticles formation (Annamalai et al. 
2014).

The formed silver nanoparticles were further validated 
by using UV–visible spectrophotometer. The scan was done 
in the range of 300–800 nm and the appearance of peak at 
435 nm (Fig. 1) confirmed nanosilver formation, as appear-
ance of surface plasmon resonance in the wavelength range 
of 400 – 500 nm indicates silver nanosynthesis (Sastry et al. 
1997). Similar absorbance peak was also reported by Das 
et al. (2012) and Shaik et al. (2018) using Sesbania gran-
diflora and Origanum vulgare leaf extract, showing absorb-
ance at 422 nm and 430 nm, respectively.

Assessment of physical condition of preserved 
mulberry leaves

At the end of the preservation period, it was noted that 
nanosilver-treated mulberry leaves showed better preserva-
tive aspect for 7 days as compared to distilled water and 
silver nitrate-treated leaves. Leaves preserved in nanosilver 
solution were able to retain their fresh texture up to 7 days, 
whereas silver nitrate-treated leaves start displaying signs 
of deterioration after 5 days, while leaves preserved in dis-
tilled water showed yellowish patches from the fourth day 
onwards, indicating senescence (Fig. 2). Nanosilver-treated 
flowers showed better post-harvest shelf life because of 
their antibacterial activity (Liu et al. 2009a, b). As a potent 
antimicrobial agent, silver nanoparticles were reported to 
extend the shelf life of cut Gerbera (Liu et al. 2009a, b) 

Fig. 1  UV–Vis spectra of biogenic synthesized silver nanoparticles 
synthesized from extract of mulberry leaf
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and Chrysanthemum (Carrillo-López et al. 2016). The cur-
rent study reports the absence of microbial proliferation 
in nanosilver solution that was used during preservation, 
indicating the presence of strong antimicrobial property in 
biosynthesized silver nanoparticles, while distilled water 
used for leaf preservation turns turbid and emits pungent 
smell with increase in the days of preservation, indicating 
microbial proliferation leading to inhibition of post-harvest 
retention of fresh texture.

Larval rearing parameters

Silkworm larvae fed with nanosilver-preserved leaves 
showed growth pattern almost similar to the larvae fed with 
fresh leaves, while larvae fed with distilled water-preserved 
leaves showed decreasing trend of growth rate with increase 
in days of feeding. Larvae fed with silver nitrate-preserved 
leaves showed enhanced growth rate, but the degree of 
enhancement was less in comparison to larvae fed with 
nanosilver-preserved leaves (Fig. 3). The obtained result 
clearly indicated the effectiveness of nanosilver solution in 
preserving mulberry leaves by retaining their fresh greenish 
and nutritive texture for 7 days post-preservation. Besides 
these, the obtained result also indicates the non-toxic nature 
of mulberry leaves preserved in nanosilver solution.

Table 1 represents the rearing parameters of silkworm 
larvae fed with preserved and fresh mulberry leaves. 
Bothikar et al. (2014) stated the importance of leaf qual-
ity on larval rearing and cocoon formation. Variation of 
leaf nutritional content has significant impact on cocoon 
production (Gawade and Medhe 2010). Single cocoon 
weight (SCW) of larvae fed with nanosilver-preserved 

Fig. 2  Morphological change pattern of mulberry leaves preserved 
for seven days at post harvest stage in a distilled water, b nanosilver 
and c silver nitrate solution. Image plates in each horizontal axis (a, b 

and c) denotes day wise (day 1 to day 7: left to right) change in physi-
cal texture of the leaves

Fig. 3  Average growth rate of larvae fed with preserved mulberry 
leaves



Applied Nanoscience 

1 3

leaves decreased 1.07%, respectively, compared to the 
larvae fed with fresh leaves, while the larvae fed with 
silver nitrate and distilled water-preserved leaves showed 
4.36% and 34.73% decrease in SCW. Single shell weight 
(SSW) of the larvae fed with nanosilver-preserved leaves 
decreased by 1.23% compared to the larvae fed with fresh 
leaves, whereas the larvae fed with distilled water and 
silver nitrate-preserved leaves showed decreased SSW by 
54.32% and 9.05%, respectively. Shell ratio (SR) of lar-
vae fed with nanosilver, silver nitrate and distilled water 
decreased by 0.19%, 4.63% and 16.557%, respectively. Use 
of high protein diet effectively increases the quality of the 
cocoon shell (Nguku et al. 2007). The present study also 
reflects a similar observation, as maximum decrease in leaf 
quality was observed in distilled water-preserved leaves; 
so on feeding these leaves to larvae, both cocoon quality 
and quantity decreased.

The effective rate of rearing (ERR) in negative control set 
decreased to 53.85%, indicating the incapability of larvae 
in forming cocoon. ERR of larvae fed with nanosilver and 
silver nitrate was reported to be 94.87% and 84.62%, which 
were 2.65% and 13.17% lesser in comparison to larvae fed 
with fresh leaves. On assessing the mortality rate (MR), it 
was observed that larvae fed with distilled water-preserved 
leaves showed maximum mortality of 46.15%, indicating 
accumulation of toxic metabolic components inside leaves 
leading to larval death on feeding. Nanosilver and silver 
nitrate-preserved leaves on feeding show 5.13% and 15.39% 
mortality rate, while fresh leaves-fed larvae showed 2.56% 
death rate.

SDS PAGE of larval protein

On analysing the SDS band pattern of silk gland proteins, 
16 major bands were observed (Fig. 4). Raman et al. (2007) 
reported that, following protein gel electrophoresis, 10–15 
gel bands were detected in the fifth instar male larvae of 
silkworm supplemented by hydrolysed soy protein, P-soy-
atase, which supports our observation. Differences in rela-
tive density of protein bands were observed after analysing 
the graphical representation (Fig. 5a–c). From the graphi-
cal representation, it was observed that most of the protein 
bands in nanosilver and silver nitrate set appeared almost 
similar to that of larvae fed with fresh leaves, while a low 
expression of protein bands was observed in the negative 
control, indicating failure in the proper development of silk 
gland on feeding senescent leaves. Silk gland protein band 
number 2 in larvae fed with nanosilver-preserved leaves 

Table 1  Rearing parameters of silkworm larvae fed with preserved 
mulberry leaves

SCW single cocoon weight; SSW single shell weight; SR shell ratio; 
ERR effective rate of rearing; MR mortality rate

Preservation Solution Cocoon parameters

SCW SSW SR ERR MR

Fresh 1.215 0.243 19.965 97.436 2.564
Distilled water 0.793 0.132 16.660 53.846 46.154
Silver nitrate 1.162 0.221 19.041 84.615 15.385
Nanosilver 1.202 0.240 19.927 94.872 5.128

Fig. 4  a SDS gel portrait and 
b scanned image of silk gland 
protein obtained from larvae 
fed with (1) fresh leaves, (2–4) 
distilled water, nanosilver and 
silver nitrate preserved leaves
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was the most differentiated band among all the treatments. 
The protein content was the most important nutritive com-
ponent of mulberry leaves, helping in the growth form of 

silkworm larvae, as well as in the development of silk gland 
(Mahmoud 2017). Decrease in band intensity in distilled 
water set clearly indicates depletion in protein content in 

Fig. 5  a–c Graphical represen-
tation depicting relative density 
of silk gland proteins obtained 
from SDS PAGE analysis. 
Numerical (1, 2, 3,…) at the top 
of graphical bars denotes band 
numbers
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silk gland,m which may be due to the decrease in leaf quality 
with increase in the days of preservation, as evident from the 
physical condition of leaves. The obtained result was also 
supported by the result of SSW and SCW, which also shows 
decreasing trend in comparison to other treatments.

Haemolymph band pattern showed the presence of eight 
visible bands (Fig. 6). It was observed that the larvae fed 
with nanosilver and silver nitrate-preserved leaves showed 
retention of protein band pattern almost similar to that of the 
larvae fed with fresh leaves, while the larvae fed with dis-
tilled water-preserved leaves showed less expression of the 
protein band. On analysing the graphical representation with 
respect to the relative density, it was noted that band number 
2, 3 and 6 showed better expression in the larvae fed with 
silver nitrate and nanosilver-preserved leaves than larvae 
fed with distilled water-preserved leaves (Fig. 7a–c). Hou 
et al. (2010) reported that haemolymph surrounds the tissue 
system and acts as a vital depository for energy and nutri-
tion. This open circulatory system helps by delivering nutri-
ent and energy content to silkworm body. Hemolymph also 
plays a crucial role in innate immune response by protecting 
silkworm body from fungal and bacterial attack. The current 
study reveals that the energy content and nutrient efficiency 
of haemolymph was lesser in the larvae fed with distilled 
water-preserved leaves. This decrease in energy content 
may be the prime reason for larvae fed with distilled water-
preserved leaf failing to spin during cocoon formation and 
increase in their mortality rate. Thus, it may be stated that 
larvae fed with fresh, nanosilver and silver nitrate-preserved 

mulberry leaves showed better innate immune response than 
the larvae fed with distilled water-preserved leaves.

On analysing the SDS band pattern of silkworm stomach, 
ten protein bands were detected (Fig. 8). From gel analysis, 
it was observed that larvae fed with nanosilver and silver 
nitrate-preserved leaves showed greater intensified bands 
than larvae fed with distilled water-preserved leaves. On ana-
lysing the graphical representation with respect to the rela-
tive density, a similar trend was noted where band numbers 
3, 8, 9 and 10 showed higher level of expression in larvae 
fed with nanosilver-preserved leaves (Fig. 9a, b). The guts 
of the larvae contain different types of digestive enzymes, 
which bear the efficiency to convert the organic molecules of 
the mulberry leaves into useful biomolecules (Lokesh et al. 
2012). Zhang et al. (2011) reported that the midgut protein 
plays role in growth and metamorphosis. The obtained result 
indicates that the larvae fed with nanosilver-treated leaves 
might produce high amount of digestive enzymes for food 
digestion, leading to maintenance of nutrient efficiency.

On analysing the SDS band pattern of fat body-associ-
ated protein, eight protein bands were observed (Fig. 10). 
It was found that the larvae fed with nanosilver and silver 
nitrate-preserved leaves showed high level of fat protein 
expression than the larvae fed with fresh leaves. From 
graphical representation, it was noted that the protein band 
number 1, 2 and 5 of nanosilver set showed greater level 
of expressions than fresh and distilled water set (Fig. 11a, 
b). Meng et al. (2017) stated that the function of fat body 
is similar to that of mammalian liver. The fat body plays an 

Fig. 6  a SDS gel portrait and b 
scanned image of haemolymph 
protein obtained from larvae 
fed with (1) fresh leaves, (2–4) 
distilled water, nanosilver and 
silver nitrate preserved leaves
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important role in nutrient storage, immune system, homeo-
stasis and metabolic detoxification (Arrese and Soulages 
2010). High amplitude of expressed protein in nanosilver 

set indicates high level of nutrient contents and better 
homeostatic regulation.

Fig. 7  a–c Graphical repre-
sentation depicting relative 
density of haemolymph proteins 
obtained from SDS PAGE 
analysis. Numerical (1, 2, 3,…) 
at the top of graphical bars 
denotes band numbers
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Fig. 8  a SDS gel portrait and 
b scanned image of stomach 
protein obtained from larvae 
fed with (1) fresh leaves, (2–4) 
distilled water, nanosilver and 
silver nitrate preserved leaves

Fig. 9  a, b Graphical represen-
tation depicting relative density 
of stomach proteins obtained 
from SDS PAGE analysis. 
Numerical (1, 2, 3,…) at the top 
of graphical bars denotes band 
numbers
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Fig. 10  a SDS gel portrait and 
b scanned image of fat body 
associated protein obtained 
from larvae fed with (1) fresh 
leaves, (2–4) distilled water, 
nanosilver and silver nitrate 
preserved leaves

Fig. 11  a, b Graphical represen-
tation depicting relative density 
of fat body associated proteins 
obtained from SDS PAGE 
analysis. Numerical (1, 2, 3,…) 
at the top of graphical bars 
denotes band numbers
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SDS PAGE of leaf protein

On analysing the SDS band pattern of silkworm larvae, it 
was observed that biosynthesized silver nanoparticles act 
as a potential preservative solution in preserving mulberry 
leaves at the post-harvest stage. Feeding nanosilver-treated 
leaves to silkworm larvae, protein banding pattern appeared 
almost similar to that of larvae fed with fresh leaves. Observ-
ing the above trend, SDS PAGE analysis of preserved leaves 
in nanosilver solution was done along with distilled water 
and silver nitrate-preserved leaves, which served as the nega-
tive and positive control, respectively. The entire banding 
pattern was compared with the banding pattern of fresh 
leaves to demarcate notable changes in the preserved leaves.

On analysing the SDS band pattern (Fig. 12) of nanosil-
ver-preserved leaves from the first day till the seventh day 
and through graphical representation (Fig. 13a, b), it was 
noticed that the band intensity remains almost constant till 
the last day of preservation. Band numbers 5, 6, 7, 8 and 9 
in graphical representation showed relative density almost 
constant from day 1 to day 7 of preservation. On comparing 
the obtained result with the negative control, i.e. distilled 
water-preserved leaves, it was noted that there was a gradual 
decrease in band intensity with increase in the days of pres-
ervation (Fig. 14). Graphical representation also visualizes a 
similar observation, i.e. gradual depletion in relative density 
with increase in days of preservation (Fig. 15a, b), whereas 
in case of positive control, i.e. silver nitrate-preserved leaves, 
it was observed that the intensity of bands remains almost 
constant till the fifth day of preservation (Fig. 16), after 
which gradual deformation in protein content was observed. 
On analysing the banding pattern with respect to the rela-
tive density, it was observed that the maximum density was 
exhibited by band numbers 6 and 7 (Fig. 17a, b), which also 
showed decreasing trend from the fifth day onwards, sup-
porting the observation made through gel analysis.

It has been reported that the balance between water 
uptake and transpiration rate plays a key role in extending 
the post-harvest shelf life (Jowkar et al. 2013). Interruption 
in the post-harvest water uptake takes place mainly due to 
microbial proliferation and blockage caused at the cut end 
(Liu et al. 2009a, b; Van Doorn 1997). Microbial blockage 
enhances ROS accumulation, causing inter- and intracel-
lular damages leading to senescence (Das and Roychoud-
hury 2014; Merzlyak and Hendry 1994). Byczyńska (2017) 
reported the potentiality of nanosilver solution to extend 
the post-harvest shelf life of flowering twigs by reducing 
the microbial count. Hatami et al. (2013) reported that both 
nanosilver and silver nitrate solution bear the potentiality of 
extending vase life through activation of defensive enzyme 
and by retaining primary metabolite content, but the water 
conduction capacity was found to be more when nanosilver 
was used as preservative. The current study also reflects the 
retention of post-harvest shelf life of mulberry leaves by 
7 days and 5 days when nanosilver and silver nitrate were 
used as preservatives, respectively, as evident by gel band-
ing pattern. Uniformity in gel banding pattern of leaves 
preserved in nanosilver solution till the last day of preserva-
tion clearly indicates the presence of strong antimicrobial 
activity in biosynthesized nanoparticles, which by reducing 
microbial load maintains the continuity of the xylem col-
umn. Xylem integrity prevents ROS accumulation through 
uniform distribution of antioxidants and defensive enzymes 
and thus prevents degradation of macromolecules such as 
proteins, pigments and nucleic acid, delaying senescence.

On comparing SDS banding pattern of 7 day preserved 
mulberry leaves in nanosilver, silver nitrate and distilled 
water with fresh leaves, seven distinguishable bands were 
observed (Fig. 18). The protein bands in the negative control 
lane were much less prominent than those of other lanes, 
indicating depletion in protein content during preservation. 
Retention of protein content after preservation in nanosilver 

Fig. 12  a SDS gel portrait and b 
scanned image of protein bands 
obtained from mulberry leaves 
preserved in nanosilver solution. 
Lane 1–7 denotes SDS banding 
pattern of day 1 to day 7 pre-
served leaves respectively
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and in silver nitrate-preserved leaves was also evident from 
graphical representation (Fig. 19a, b), which showed relative 
density almost similar to that of fresh leaves.

The nutritional quality of mulberry leaves greatly influ-
enced larval growth and development and subsequent 
cocoon formation (Krishnaswami 1978). Mulberry leaves 
contain water, protein, carbohydrate, minerals and crude 

Fig. 13  a, b Graphical represen-
tation depicting relative density 
of protein bands in nanosilver 
preserved mulberry leaves from 
day 1 to day 7. Numerical (1, 
2, 3,…) at the top of graphical 
bars denotes band numbers

Fig. 14  a SDS gel portrait and b 
scanned image of protein bands 
obtained from mulberry leaves 
preserved in distilled water. 
Lane 1–7 denotes SDS banding 
pattern of day 1 to day 7 pre-
served leaves respectively
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Fig. 15  a, b Graphical represen-
tation depicting relative density 
of protein bands in distilled 
water preserved mulberry leaves 
from day 1 to day 7. Numerical 
(1, 2, 3,…) at the top of graphi-
cal bars denotes band numbers

Fig. 16  a SDS gel portrait and 
b scanned image of protein 
bands obtained from mulberry 
leaves preserved in silver nitrate 
solution. Lane 1–7 denotes SDS 
banding pattern of day 1 to day 
7 preserved leaves respectively
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Fig. 17  a, b Graphical represen-
tation depicting relative density 
of protein bands in silver nitrate 
preserved mulberry leaves from 
day 1 to day 7. Numerical (1, 
2, 3,…) at the top of graphical 
bars denotes band numbers

Fig. 18  a SDS gel portrait and b 
scanned image of protein bands 
in seven day preserved mulberry 
leaves. Lane 1 and 2 represents 
fresh leaves; 3 and 4 represents 
7 day distilled water preserved 
leaves; 5 and 6 represents 7 day 
nanosilver preserved leaves; 7 
and 8 represents 7 day silver 
nitrate preserved leaves
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fibre, imbalance of which brings changes in metabolic activ-
ity inside larval body, hampering growth and other meta-
bolic processes (Srivastava and Elangovan 2011). Silkworm 
requires sugars, amino acid, protein and vitamins for normal 
growth and development (Sengupta et al. 1972). Mulberry 
leaf protein acts as a primary requisite during all the stages 
of larval development, especially during the fifth instar 
which led to the development of silk gland that produces 
silk cocoon during spinning (Sekar et al. 2016). The cur-
rent study reveals the potentiality of nanosilver solution as 
preservative in extending post-harvest shelf life of mulberry 
leaves up to 7 days. Nanosilver solution as preservative helps 
to retain the protein content of the leaves as revealed by SDS 
PAGE analysis and which when used as larval fed showed 
larval and cocoon parameters almost similar to that of larvae 
fed with fresh leaves, as evident from rearing parameters. 
Besides this, SDS gel pattern of larvae fed with nanosilver-
preserved leaves showed banding pattern almost similar to 
larvae fed with fresh leaves, which also furnished strong 
evidence towards the preservative aspect of nanosilver solu-
tion at post-harvest stage.

Fig. 19  a, b Graphical represen-
tation depicting relative density 
of protein bands in seven day 
distilled water, nanosilver 
and silver nitrate preserved 
mulberry leaves in relation with 
fresh leaves

Fig. 20  On-gel a image and b scanned photograph showcas-
ing NADPH oxidase activity inside silk gland of silkworm larvae 
fed with (1) fresh leaves, (2–4) leaves preserved in distilled water, 
nanosilver and silver nitrate solution for 7 days
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Isozyme analysis of silkworm larvae and preserved 
mulberry leaves

One of the specialized enzyme complexes responsible for 
the generation of ROS inside tissue system is NADPH 
oxidase (Marschall et al. 2016). NOX complex donates 
electrons to molecular oxygen across membrane from 
NADPH, leading to the generation of ROS (Lambeth 
2004). One of the most common and frequent ROS which 
is produced by NADPH oxidase on transferring electron 
to molecular oxygen is superoxide (Bedard and Krause 

2007). The superoxide produced further reacts to form 
other ROS such as hydrogen peroxide  (H2O2), peroxide 
anion  (HO2−) and hydroxyl radical (•OH) (Soneja et al., 
2005). On analysing NOX isoforms in silkworm larvae, 
it was noted that NOX enzyme was well expressed in the 
silk gland protein of silkworm larvae fed with preserved 
as well as fresh leaves (Fig. 20). On comparing differ-
ent treatments, it was observed that larvae fed with dis-
tilled water-preserved leaves showed greater expression 
of NOX isoforms except band numbers 1 and 3, which 
showed greater expression in larvae fed with silver nitrate 

Fig. 21  a, b Graphical represen-
tation depicting relative density 
of NADPH oxidase activity 
inside silk gland of silkworm 
larvae fed with fresh leaves 
and 7 day preserved leaves in 
distilled water, nanosilver and 
silver nitrate solution. Numeri-
cal (1, 2, 3,…) at the top of 
graphical bars denotes band 
numbers

Fig. 22  On-gel a image and b scanned photograph showcasing NADPH oxidase activity of (1–2) fresh leaves and 7 days preserved mulberry 
leaves in (3–4) distilled water, (5–6) nanosilver and (7–8) silver nitrate solution
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and nanosilver-preserved leaves (Fig. 21a, b). From the 
degree of NOX expression in silk gland of silkworm lar-
vae, it may be stated that greater ROS generation takes 
place in the silk gland of larvae fed with distilled water-
preserved leaves, leading to decrease in cocoon quality. On 
studying the isozyme pattern of NOX enzyme in preserved 
and fresh leaves, two isoforms were observed (Fig. 22). 
From relative density analysis, it was observed that leaves 
preserved in distilled water showed greater amplitude of 
NOX activity than leaves preserved in other preservative 

solutions (Fig. 23). Beckman and Ames (1998) reported 
that during the ageing process, the major contributor to 
cell damage was ROS generation and accumulation. The 
obtained gel pattern clearly indicates that in distilled 
water-preserved leaves, greater accumulation of ROS takes 
place, leading to cellular damage, promoting senescence. 
The obtained result further indicates that on feeding dis-
tilled water-preserved leaves, accumulation of ROS takes 
place in silk gland leading to increase in mortality rate and 
low-quality cocoon formation.

Fig. 23  Graphical representa-
tion depicting relative density 
of NADPH oxidase activity 
of fresh mulberry leaves and 
7 days preserved mulberry 
leaves in distilled water, 
nanosilver and silver nitrate 
solution. Numerical (1, 2, 3,…) 
at the top of graphical bars 
denotes band numbers

Fig. 24  On-gel a image and b scanned photograph showcasing superoxide dismutase activity of (1–2) fresh leaves and 7 days preserved mul-
berry leaves in (3–4) distilled water, (5–6) nanosilver and (7–8) silver nitrate solution

Fig. 25  Graphical representa-
tion depicting relative density 
of superoxide dismutase activity 
of fresh mulberry leaves and 
7 days preserved mulberry 
leaves in distilled water, 
nanosilver and silver nitrate 
solution. Numerical (1, 2, 3,…) 
at the top of graphical bars 
denotes band numbers
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During leaf preservation, the stress generated results 
in the production of superoxide  (O2

−) either by the action 
of NOX enzyme or through the electron transport chain 
(Alscher 2002). To overcome the damage caused by  O2

−, 
the plant and animal system produces an enzyme, namely 
superoxide dismutase (SOD) which converts  O2

− to  H2O2 
and  O2 (Fukai and Ushio-Fukai 2011). On analysing the 
SOD banding pattern of preserved and fresh leaves through 
gel electrophoresis, two isoforms were detected (Fig. 24). 
The relative density of isoform 1 of nanosilver and silver 
nitrate-preserved leaves appeared almost similar to that of 
fresh leaves, while isoform 2 showed maximum intensity in 
nanosilver-preserved leaves indicating high potentiality in 
nullifying generated superoxide (Fig. 25). On analysing the 
SOD pattern of silk gland protein, it was noted that larvae 
fed with nanosilver-preserved leaves showed banding pat-
tern almost similar to that of larvae fed with fresh leaves 

(Fig. 26), while larvae fed with distilled water-preserved 
leaves showed low amplitude of SOD activity (Fig. 27), 
indicating low potentiality to overcome stress, generated on 
feeding preserved leaves. Segal et al. (2000) reported the 
presence of different antioxidant enzymes such as peroxi-
dase, thioredoxin, and superoxide dismutase in the silk pro-
tein that provide defensive response against ROS generated 
during spinning. Superoxide dismutase activity in larvae fed 
with leaves preserved in nanosilver solution appeared almost 
parallel to that of larvae fed with fresh leaves, reflecting the 
presence of equivalent amount of defensive activity even 
after 7 days of preservation.

The hydrogen peroxide which is produced by the 
enzymatic action of SOD is toxic for living tissue sys-
tem and is considered as an active reactive oxygen spe-
cies. To overcome the toxic effect of  H2O2, an antioxi-
dant enzyme namely catalase (CAT) acts to break  H2O2 

Fig. 26  On-gel a image and b 
scanned photograph showcasing 
superoxide dismutase activity 
inside silk gland of silkworm 
larvae fed with (1) fresh leaves, 
(2–4) leaves preserved in 
distilled water, nanosilver and 
silver nitrate solution for 7 days

Fig. 27  Graphical representa-
tion depicting relative density 
of superoxide dismutase activity 
inside silk gland of silkworm 
larvae fed with fresh leaves 
and 7 day preserved leaves in 
distilled water, nanosilver and 
silver nitrate solution. Numeri-
cal (1, 2, 3,…) at the top of 
graphical bars denotes band 
numbers

Fig. 28  On-gel a image and b 
scanned photograph showcas-
ing catalase activity inside silk 
gland of silkworm larvae fed 
with (1) fresh leaves, (2–4) 
leaves preserved in distilled 
water, nanosilver and silver 
nitrate solution for 7 days
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in two steps into two molecules of  H2O and one molecule 
of  O2 (Nandi et al. 2019).Two isoforms of CAT isozyme 
were detected in the silk gland protein of silkworm lar-
vae fed with nanosilver, silver nitrate and distilled water-
preserved leaves (Fig. 28). The activity of CAT isozyme 
was more in the larvae fed with preserved leaves than 
larvae fed with fresh leaves. The obtained result indi-
cates generated  H2O2 on feeding preserved leaves inside 
larval body was nullified by the upregulated activity of 

CAT enzyme. Graphical representation of the obtained 
result indicates greater enhancement of CAT activity in 
treated sets (Fig. 29). Through graphical representation, 
it was observed that one of the isoforms of CAT in the 
nanosilver set expressed more than other sets, indicating 
greater activation of defensive strategy to nullify the stress 
caused by generation of  H2O2. On analysing CAT activ-
ity of mulberry leaves, only one isoform was obtained 
(Fig. 30). CAT activity was found high in leaves preserved 

Fig. 29  Graphical representa-
tion depicting relative density 
of catalase activity inside silk 
gland of silkworm larvae fed 
with fresh leaves and 7 day 
preserved leaves in distilled 
water, nanosilver and silver 
nitrate solution. Numerical (1, 
2, 3,…) at the top of graphical 
bars denotes band numbers

Fig. 30  On-gel (a) image and (b) scanned photograph showcasing catalase activity of (1–2) fresh leaves and 7 days preserved mulberry leaves in 
(3–4) distilled water, (5–6) nanosilver and (7–8) silver nitrate solution

Fig. 31  Graphical representa-
tion depicting relative density 
of catalase activity of fresh 
mulberry leaves and 7 days 
preserved mulberry leaves in 
distilled water, nanosilver and 
silver nitrate solution. Numeri-
cal (1, 2, 3,…) at the top of 
graphical bars denotes band 
numbers
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in nanosilver and silver nitrate solution (Fig. 31), while it 
failed to increase in leaves preserved in distilled water. 
Probably during preservation the stress which was gener-
ated in the form of  H2O2 to overcome that leaves preserved 
in nanosilver and silver nitrate solution gains potential-
ity to synthesize adequate CAT enzyme which the leaves 
preserved in distilled water fails to do so, leading to ROS-
mediated tissue damage.

Another important antioxidant enzyme which protects 
cellular damage besides catalase is peroxidase (POD). 
POD shows its defensive activity by converting  H2O2 and 
ROOH into  H2O and R-OH (Liu et al. 2010). The activ-
ity of POD enzyme was not detected inside silk gland of 
larvae. but the activity was present inside leaf tissue. On 
analysing POD banding pattern, one isoform was detected 
to be more prominent in preserved leaves than fresh leaves 
(Fig. 32) Through graphical representation, it was noted that 
the defensive activity of POD was greater than that of CAT 
activity (Fig. 33). In comparison to fresh leaves, preserved 
leaves reflect greater POD activity, indicating their defen-
sive strategy to nullify ROS generated during preservation. 
Among preservative solutions, leaves preserved in nanosil-
ver and silver nitrate solution manifest better POD activ-
ity, indicating there defensive activity to quash stress and 
thereby maintaining healthy texture of leaves which when 
fed by larvae produces good-quality cocoon.

OHR‑LCMS and string analysis

Differentially expressed SDS band of nanosilver‑preserved 
mulberry leaves

The obtained OHR-LCMS (Fig. 34) result when run through 
software-based evaluation (Thermo Proteome Discoverer 
2.2) leads to the identification of peptides of the concerned 
proteins. Table 2 lists the identified proteins obtained from 
OHR-LCMS analysis. Through OHR-LCMS analysis, 34 
protein types were identified, among them important pro-
teins that might be involved in post-harvest preservation 
belong to photosystem I and II, subunits of Rubisco, subu-
nits of ATP synthase, actin, catalase, ribosomal protein and 
heat shock protein 70 kDa. The obtained proteins were fur-
ther analysed through string networking for understanding 
possible involvement of pathways and interaction among 
enzymes. String analysis of identified proteins was done 
with Arabidopsis thaliana database.

Through string (Fig. 35) enrichment analysis, seven 
KEGG pathways were identified, namely photosynthesis, 
metabolic pathways, MAPK signalling pathway in plant, 
oxidative phosphorylation, terpenoid backbone biosyn-
thesis, carbon fixation in photosynthetic organisms and 
carbon metabolism (Table 3). Five identified proteins pro-
mote photosynthesis, out of which PSBB and PSBC are 

Fig. 32  On-gel a image and b scanned photograph showcasing peroxidase activity of (1–2) fresh leaves and 7 days preserved mulberry leaves in 
(3–4) distilled water, (5–6) nanosilver and (7–8) silver nitrate solution

Fig. 33  Graphical representa-
tion depicting relative density 
of peroxidase activity of fresh 
mulberry leaves and 7 days 
preserved mulberry leaves in 
distilled water, nanosilver and 
silver nitrate solution. Numeri-
cal (1, 2, 3,…) at the top of 
graphical bars denotes band 
numbers
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the components of PSII, while PSAB, PSAA and PSAJ 
are the components of PS I. PSBB and PSBC are 47 and 
44 kDa protein of photosystem II, respectively, each of 
which remains associated with 15 chlorophyll a and 2–3 
β-carotene molecules and cross the membrane six times, 
showing remarkable structural homology with six N-ter-
minal helices of PsaA and PsaB of photosystem I. Both 
PSBB and PSBC participate in dual functioning of light 
harvesting and water oxidation process, thereby cultivating 
photons and generating electrons required to run the pro-
cess of photosynthesis (Barber et al. 2000). PSAB, PSAA 
and PSAJ are 3 of the 15 core subunits of photosystem I. 
PSAB and PSAA are 83.2 and 82.5 KDa proteins, respec-
tively, and are directly involved with electron transport 
cofactors, namely P700, chlorophyll dimer;  A0, modified 
chlorophyll a molecule; A1, phylloquinone;  Fx,  FA and 
 FB, 4Fe–4S molecule each (Jensen et al. 2007). PSAJ is a 
5 kDa protein, consisting of two chlorophyll a molecule as 
cofactor primarily involved in stabilization of core antenna 
system (Fromme et al. 2001). Lu and Zhang (1998) stated 
that during loss of function of chloroplast, decrease in 
activity of PS I and II takes place, and among the two 
photosystems, PS II was more affected than PS I. Kotakis 
et al. (2014) stated that gradual decrease in PS II activ-
ity takes place during chlorophyll degradation, leading to 
senescence. Identification of five differentially expressed 
photosynthetic proteins in the current study clearly indi-
cates the ongoing process of photosynthesis inside post-
harvest mulberry leaves preserved in nanosilver solution, 
thereby signifying healthy status of chlorophyll, delaying 
senescence.

In MAPK signalling pathway, three proteins were identi-
fied, out of which RAN 1 through ethylene response pathway 
activates defensin-like protein 16 that takes part in defence 
response. CAT 1 encodes catalase enzyme, which comes 
under the category of antioxidant enzymes that mitigates 
oxidative stress by nullifying the generated hydrogen perox-
ide to water and oxygen (Nandi et al. 2019). Upregulation of 
catalase enzyme clearly indicates the activation of stress tol-
erance activity inside mulberry leaves during preservation. 
Upregulated catalase activity was also detected in nanosil-
ver-preserved leaves during on-gel assay which was in strong 
agreement with the current observation. CAM 5 encodes 
calcium-dependent calmodulin protein, which participates 
in activation of various calmodulin-dependent proteins that 
take part in different stress-associated signal transduction 
pathways. It has been reported that CAM activates serine 
threonine protein kinase that helps to maintain homeostasis 
of reactive oxygen species, thereby preventing excess accu-
mulation of ROS during stress (Virdi et al. 2015). Thus pres-
ence of CAM 5 in elevated quantity prevents accumulation 
of excessive reactive oxygen species, prolonging shelf life.

Three subunits of proteins were identified from oxida-
tive phosphorylation, and AT5G08680 belongs to subunit 
C of V-type of ATPase. ATP1 represents subunit alpha of 
F-type ATPase and NDHH encodes subunit H of NAD(P)
H-quinone oxidoreductase. The subunit C of V-type of 
ATPase is a 37 to 52 KDa protein that is primarily involved 
in stabilizing  V1-stalk of the pump. In plant V-ATPase is the 
primary-active proton pump that works at sub-cellular level, 
functioning as housekeeping enzyme during stress (Ratajc-
zak, 2000). The alpha chain is a regulatory subunit of F-type 

Fig. 34  OHR-LCMS spectra 
of differentially expressed SDS 
band obtained from protein of 
7 day post harvest mulberry 
leaves preserved in nanosilver 
solution
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Table 2  Differentially expressed nanosilver-preserved mulberry leaf proteins identified by OHR-LCMS analysis

Accession Description Coverage [%] # Peptides # PSMs # Unique 
Peptides

# AAs MW [kDa] calc. pI

A0A165PKU7 ATP synthase subunit beta OS = Morus alba 
var. multicaulis OX = 170,012 GN = atpB 
PE = 3 SV = 1

77 25 56 25 498 53.7 5.59

W8SI98 Ribulose bisphosphate carboxylase large chain 
(Fragment) OS = Morus alba OX = 3498 
PE = 3 SV = 1

55 12 35 1 184 20.3 7.81

A0A165PKT8 ATP synthase subunit alpha OS = Morus alba 
var. multicaulis OX = 170,012 GN = atpA 
PE = 3 SV = 1

45 20 42 18 507 55.4 5.21

P28431 Ribulose bisphosphate carboxylase large chain 
(Fragment) OS = Morus alba OX = 3498 
GN = rbcL PE = 3 SV = 1

42 22 77 3 459 50.9 6.68

E5FR85 Actin OS = Morus alba OX = 3498 PE = 3 
SV = 2

34 9 15 3 377 41.6 5.71

Q8GUS0 Catalase (Fragment) OS = Morus alba 
OX = 3498 GN = CAT1 PE = 2 SV = 1

23 4 6 4 195 22.2 6.65

E5DKD5 ATP synthase subunit alpha (Fragment) 
OS = Morus alba OX = 3498 GN = atp1 
PE = 4 SV = 1

23 8 12 6 349 37.4 7.37

A0A068C8F5 Actin OS = Morus alba OX = 3498 GN = ACT 
PE = 2 SV = 1

21 7 12 1 377 41.7 5.49

A0A159YMW6 Photosystem II CP47 reaction center pro-
tein OS = Morus alba var. multicaulis 
OX = 170,012 GN = psbB PE = 3 SV = 1

20 11 14 11 508 56.1 6.89

A0A172R2U4 50S ribosomal protein L14, chloroplas-
tic OS = Morus alba var. atropurpurea 
OX = 1,453,101 GN = rpl14 PE = 3 SV = 1

19 1 2 1 122 13.6 9.91

A0A1S6PVK8 Glyceraldehyde 3-phosphate dehydrogenase 
(Fragment) OS = Morus alba OX = 3498 
GN = g3pdh PE = 4 SV = 1

12 1 1 1 127 13.4 7.25

A8QIH7 Chloroplast ribulose-1,5-bisphosphate 
carboxylase/oxygenase activase (Frag-
ment) OS = Morus alba var. multicaulis 
OX = 170,012 PE = 2 SV = 1

12 2 2 2 246 27.2 4.92

A0A159YMN6 Photosystem I P700 chlorophyll a apopro-
tein A1 OS = Morus alba var. multicaulis 
OX = 170,012 GN = psaA PE = 3 SV = 1

12 9 14 9 750 83.1 7.17

X2BZV1 Pre-mRNA-splicing factor (Fragment) 
OS = Morus alba OX = 3498 GN = SYF1 
PE = 2 SV = 1

11 1 1 1 274 31.4 7.05

A0A172R2U2 Photosystem II CP43 reaction center pro-
tein OS = Morus alba var. atropurpurea 
OX = 1,453,101 GN = psbC PE = 3 SV = 1

10 4 4 4 473 51.8 7.18

D3KE88 Photosystem I psaE OS = Morus alba var. 
multicaulis OX = 170,012 GN = psaE PE = 2 
SV = 1

9 1 1 1 145 15.4 9.94

A0A172R2R6 Photosystem I P700 chlorophyll a apoprotein 
A2 OS = Morus alba var. atropurpurea 
OX = 1,453,101 GN = psaB PE = 3 SV = 1

8 5 14 5 734 82.3 7.4

A0A172R2X2 30S ribosomal protein S18, chloroplas-
tic OS = Morus alba var. atropurpurea 
OX = 1,453,101 GN = rps18 PE = 3 SV = 1

7 1 1 1 101 12 11.8

A0A0M3SH25 1-deoxyxylulose-5-phosphate synthase 
OS = Morus alba OX = 3498 PE = 2 SV = 1

5 1 1 1 714 76.7 7.09
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ATPase belonging to component  F1. This ATPase uses elec-
trochemical proton gradient for the synthesis of ATP from 
ADP and Pi. The generated ATP provides energy-rich phos-
phate bonds for running of different metabolic processes that 
probably helps to extend the shelf life during preservation 
(Okamoto and Futai 2018).  H+ ATPase plays a diversified 
role, as it helps in nutrient transport through root, phloem 
loading, stomatal opening, maintenance of membrane poten-
tial and secondary transport (Okumuraa et al. 2016). Besides 
these,  H+ ATPase activates the Calvin cycle by maintaining 
the alkaline condition of stroma during daytime (Peters and 
Berkowitz 1998). Thus, the identified ATPase on one hand 
maintains photosynthetic processes and on other hand pro-
motes cellular processes, indirectly delaying senescence dur-
ing preservation. NAD(P)H-quinone oxidoreductase bears 
antioxidant activity, which, by catalysing the reduction of 
quinones, protects the cellular membrane against oxidative 

stress. Besides these, NAD(P)H-quinone oxidoreductase 
directly participates in superoxide scavenging process, 
ensuring additional protection at tissue level (Atia et al. 
2014). This property of NAD(P)H-quinone oxidoreductase 
was significant, as it will work equivalently with antioxidant 
defensive enzymes to ensure nullification of oxidative stress 
generated during preservation.

In terpenoid backbone biosynthesis first 1-deoxy-D-xylu-
lose-5-phosphate synthase and an intermediate 4-hydroxy-
3-methylbut-2-enyl-diphosphate synthase enzyme of methyler-
ythritol-4-phosphate pathway were identified. The precursors 
for biosynthesis of carotenoids, gibberellins and chlorophylls 
are provided through the methylerythritol-4-phosphate path-
way (Yang et al. 2012). Thus, the identified enzymes indirectly 
promote chlorophyll biosynthesis, retaining the greenish tex-
ture of leaves at post-harvest stage of preservation in nanosil-
ver solution.

Table 2  (continued)

Accession Description Coverage [%] # Peptides # PSMs # Unique 
Peptides

# AAs MW [kDa] calc. pI

A0A159YMY2 Photosystem II D2 protein OS = Morus alba 
var. multicaulis OX = 170,012 GN = psbD 
PE = 3 SV = 1

5 2 2 2 353 39.6 5.55

E2J9M1 Chitinase OS = Morus alba var. multicaulis 
OX = 170,012 PE = 2 SV = 1

5 2 2 2 358 38.5 4.77

C7EXG9 Calmodulin OS = Morus alba var. multicaulis 
OX = 170,012 PE = 2 SV = 1

5 1 1 1 149 16.8 4.27

A0A0A0QYC5 Auxin efflux carrier component OS = Morus 
alba var. multicaulis OX = 170,012 PE = 2 
SV = 1

4 1 1 1 624 67.7 9.04

A0A172R2S8 NAD(P)H-quinone oxidoreductase subunit 5, 
chloroplastic OS = Morus alba var. atropur-
purea OX = 1,453,101 GN = ndhF PE = 3 
SV = 1

4 2 2 2 757 86 9.1

A0A0G2SJA8 14–3-3e protein OS = Morus alba OX = 3498 
PE = 2 SV = 1

3 1 1 1 263 29.2 4.97

A0A059U3G8 Latex protein MLX56-6 OS = Morus alba var. 
alba OX = 229,046 PE = 2 SV = 1

3 1 1 1 415 45.1 6.99

A8DUA7 Chloroplast sedoheptulose-1,7-bisphos-
phatase OS = Morus alba var. multicaulis 
OX = 170,012 PE = 2 SV = 1

3 1 1 1 392 42.5 6.44

A0A0K1P7S8 Heat shock 70 kDa protein (Fragment) 
OS = Morus alba OX = 3498 GN = hsp70 
PE = 2 SV = 1

2 1 1 1 317 34.9 5.39

A0A455M543 HMA7 protein OS = Morus alba OX = 3498 
GN = HMA7 PE = 2 SV = 1

2 1 1 1 999 106.4 5.21

Q948V5 Mitochondrial processing peptidase alpha 
subunit OS = Morus alba OX = 3498 
GN = a-MPP PE = 2 SV = 1

2 1 1 1 506 54.7 8.25

A0A075WHK2 Transport inhibitor response 1 OS = Morus 
alba var. multicaulis OX = 170,012 
GN = TIR1 PE = 2 SV = 1

1 1 1 1 585 65.4 6.71

A0A0M5KAI5 4-hydroxy-3-methylbut-2-enyl diphosphate 
synthase OS = Morus alba OX = 3498 PE = 2 
SV = 1

1 1 1 1 740 81.8 6.24
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In carbon fixation and carbon metabolism pathway, impor-
tant enzymes besides catalase that were identified belong to 
Calvin cycle. GAPC2 encodes glyceraldehyde-3-phosphate 
dehydrogenase and catalyses the conversion of glyceralde-
hydes-3-phosphate to glycerate-1,3-bisphosphate and SBPASE 
encodes sedoheptulose-bisphosphatase which catalyses sedo-
heptylose-1,7-bisphosphate to sedoheptulose-7-phosphate. 
The identification of two intermediate enzymes of Calvin cycle 
through protein profiling clearly indicates the ongoing process 
of photosynthesis inside mulberry leaves preserved in nanosil-
ver solution. This potentiality of nanosilver solution helps to 
extend the shelf life of mulberry leaves by 7 days. The proteins 
detected under the metabolic pathway comprise all the identi-
fied proteins described above. Thus metabolic pathway was a 
broad summation of all the remaining six pathways identified 
through KEGG.

Differentially expressed SDS band of silk gland 
protein fed with leaves preserved in silver 
nanoparticles

Table 4 enlists the silk gland proteins identified from OHR-
LCMS analysis (Fig. 36). Protein identification was done 
from Bombyx mori database using Thermo Proteome Dis-
coverer 2.2 software. Among the identified proteins actin, 
arylphorin and sex-specific storage-protein 2 account for 
maximum coverage of 26%, 14% and 12%, respectively. On 
analysing the identified proteins through string (Fig. 37) 
using Bombyx mori database, 18 nodes and 21 edges were 
identified with average node degree of 2.33. Through string 
analysis, functional identification of the obtained proteins 
was done. The identified actin-related protein 2/3 complex 
subunit (Sop2) participates in actin polymerization. It was 
mainly involved in the formation of branched actin networks. 
Couble et al. (1984) stated that the posterior silk gland cells 
contain abundant microfilament of 50–70 Å diameter located 

Fig. 35  STRING analysis 
representing protein–protein 
interaction of differentially 
expressed mulberry leaves 
proteins obtained from OHR-
LCMS analysis
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Table 3  Enrichment analysis of string-identified mulberry leaf proteins through the KEGG pathway

KEGG ID Term descrip-
tion

Observed 
gene 
count

Back-
ground 
gene count

False discovery 
rate

Matching pro-
teins network 
(STRING Ids)

Matching 
proteins

UniProt ID Protein descrip-
tion

ath00195 Photosynthesis 5 76 4.44E-07 ATCG00280.1
ATCG00340.1
ATCG00350.1
ATCG00630.1
ATCG00680.1

PSAA
PSAB
PSAJ
PSBB
PSBC

P56766
P56767
P56769
P56777
P56778

Photosystem I 
P700 chloro-
phyll a apopro-
tein A1 Photo-
system I P700 
chlorophyll a 
apoprotein A2

Photosystem I 
subunit IX

Photosystem II 
47 kDa protein

Photosystem II 
44 kDa protein

ath01100 Metabolic 
Pathways

12 1899 2.13E-06 AT1G13440.1
AT3G55800.1
AT4G15560.1
AT5G08680.1
AT5G60600.1
ATCG00280.1
ATCG00340.1
ATCG00350.1
ATCG00630.1
ATCG00680.1
ATCG01110.1
ATMG01190.1

AT5G08680
ATP1
CLA1
GAPC2
HDS
NDHH
PSAA
PSAB
PSAJ
PSBB
PSBC
SBPASE

Q9C5A9
G1C2Z0
A0A1I9LTC7
Q9FX54
F4K0E8
P56753
P56766
P56767
P56769
P56777
P56778
P46283

ATP synthase 
subunit beta-3, 
mitochondrial

ATP synthase 
subunit alpha

1-deoxy-D-xylu-
lose-5-phos-
phate synthase

Glyceraldehyde-
3-phosphate 
dehydrogenase, 
cytosolic

4-hydroxy-3-
methylbut-2-
enyl diphos-
phate synthase 
NAD(P)
H-quinone 
oxidoreductase 
subunit H, 
chloroplastic

Photosystem I 
P700 chloro-
phyll a apopro-
tein A1

P700 chlorophyll 
a apoprotein A2

Photosystem I 
subunit IX

Photosystem II 
47 kDa protein

Photosystem II 
44 kDa protein

Sedoheptulose-
bisphosphatase

ath04016 MAPK Signal-
ing Path-
way—Plant

3 127 0.0023 AT1G20630.1
AT2G27030.3
AT5G44790.1

CAM5
CAT1
RAN1

P0DH96
Q42547
B5AXI8

Calmodulin
Catalase
Heavy metal 

atpase 5
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towards the cellular apex. Another identified protein was 
tubulin alpha chain (BGIBMGA002103), a component of 
microtubule. Microtubules are also reported to be concen-
trated in the cells of posterior silk gland, which was also 
reported to be the major site for production of fibroin protein 
(Tashiro et al. 1968). Both microtubule and microfilament 
inside the silk gland of mature fifth instar larvae play an 
active role in protein secretion, leading to the formation of 
cocoon (Sasaki and Tashiro 1976). BGIBMGA000970-TA 
encodes mediator of RNA polymerase II subunit 7. Media-
tors are present in all eukaryotic systems and are involved 
in the regulation of the transcriptional system (Blazek 
et al. 2005). The identified mediator remained associated 
with RNA polymerase II and involved in regulation of 
RNA polymerase II specific genes, which may be useful 
in silk gland development. LOC692991 encodes glycine-
tRNA ligase which catalyses the attachment of glycine to 
glycine-specific tRNA, promoting the process of transla-
tion. Tf stands for transferrin protein which binds and trans-
fers iron at cellular and sub-cellular level in the  Fe3+ state. 
Besides transferring iron, transferrin plays an important 
role in antioxidant defence, reproduction and development 
(Geiser and Winzerling 2012). Thus through the antioxidant 

defence mechanism, transferrin protects the damage caused 
by metallic compounds and thereby promotes development. 
Another important protein identified was pyridoxal phos-
phate homeostasis protein (LOC693086) which was active 
form of vitamin B6. Pyridoxal phosphate acts as cofactor 
for more than 100 types of vitamin B6-dependent enzymes 
that take part in various metabolic processes, viz. lipid syn-
theses, amino acid metabolism and glucose metabolism 
(Chen et al. 2019). Thus presence of pyridoxal phosphate in 
silk gland protein leads to the expression of a large number 
of proteins, which might play an active role in silk gland 
development. PPO1 encodes phenoloxidase subunit-1 which 
was responsible for the synthesis of various polyphenolic 
compounds involved in defensive response (Ankola and 
Puttaraju 2017). Phenoloxidase also protects larval body 
from infection against microorganisms (Eleftherianos and 
Revenis 2011). Sp1 and Sp2 are sex-specific larval storage 
protein, which was synthesized inside larval fat body and 
its synthesis relates directly to the nutritional condition of 
the body (Sumio Tojo and Kobayashi 1980). Detection of 
sex-specific larval storage protein indicates that nanosilver-
preserved leaves bear sufficient nutritional content that will 
be useful for larval development and moulting.

Table 3  (continued)

KEGG ID Term descrip-
tion

Observed 
gene 
count

Back-
ground 
gene count

False discovery 
rate

Matching pro-
teins network 
(STRING Ids)

Matching 
proteins

UniProt ID Protein descrip-
tion

ath00190 Oxidative Phos-
phorylation

3 149 0.0027 AT5G08680.1
ATCG01110.1
ATMG01190.1

AT5G08680
ATP1
NDHH

P83483
P92550
P56753

F-type H + -trans-
porting ATPase 
subunit beta

F-type H + -trans-
porting ATPase 
subunit alpha

NAD(P)
H-quinone 
oxidoreductase 
subunit H

ath00900 Terpenoid 
Backbone 
Biosynthesis

2 59 0.0076 AT4G15560.1
AT5G60600.1

CLA1
HDS

A0A1I9LTC7
F4K0E8

1-deoxy-D-xylu-
lose-5-phos-
phate synthase

4-hydroxy-3-
methylbut-2-
enyl diphos-
phate synthase

ath00710 Carbon Fixation 
in Photosyn-
thetic Organ-
isms

2 69 0.0085 AT1G13440.1
AT3G55800.1

GAPC2
SBPASE

Q9FX54
P46283

Glyceraldehyde 
3-phosphate 
dehydrogenase

Sedoheptulose-
bisphosphatase

ath01200 Carbon Metabo-
lism

3 261 0.0085 AT1G13440.1
AT1G20630.1
AT3G55800.1

CAT1
GAPC2
SBPASE

Q42547
Q9FX54
P46283

Catalase
Glyceraldehyde 

3-phosphate 
dehydrogenase

Sedoheptulose-
bisphosphatase
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Conclusion

SDS PAGE analyses lead to the evidence that nanosilver 
solution acts as an effective preservative for mulberry leaves 
at the post-harvest stage, as it is able to retain gel band inten-
sity till the last day of preservation. SDS PAGE analysis 
was supported by rearing and cocoon parameters, which also 
predicted minimal depletion in rearing and cocoon attributes 

in larvae fed with leaves preserved in nanosilver solution in 
comparison to larvae fed with fresh leaves. Isozyme analysis 
also indicates activation of antioxidant defensive activity in 
leaves, helping them to overcome stress during preserva-
tion. Activation of defensive enzymological activity was 
also observed in silk gland of larvae fed with nanosilver-
preserved leaves, indicating demolishing of any kind of 
stress generated inside the body. Thus from the above study, 

Table 4  Differentially expressed silk gland protein of larvae fed with nanosilver-preserved mulberry leaves identified by OHR-LCMS analysis

Accession Description Coverage [%] # Peptides # PSMs # Unique 
Peptides

# 
Protein 
Groups

# AAs MW [kDa] calc. pI

P04829 Actin, cytoplasmic A3 OS = Bombyx 
mori OX = 7091 PE = 3 SV = 3

26 6 7 6 1 376 41.9 5.59

Q1HPP4 Arylphorin OS = Bombyx mori 
OX = 7091 GN = 733,005 PE = 1 
SV = 1

14 6 7 1 1 703 83.4 6.01

P20613 Sex-specific storage-protein 2 
OS = Bombyx mori OX = 7091 
GN = SP2 PE = 2 SV = 2

12 6 6 1 1 704 83.4 6.46

F8UN44 Heat shock protein 70–3 OS = Bom-
byx mori OX = 7091 PE = 2 SV = 1

9 4 4 3 1 655 72.7 5.26

G9I6Y1 Arylphorin OS = Bombyx mori 
OX = 7091 PE = 2 SV = 1

6 3 3 3 1 696 82.8 6.27

Q2F645 Transketolase OS = Bombyx mori 
OX = 7091 PE = 2 SV = 1

7 2 2 2 1 622 67.3 6.87

A0A1Q0AL85 Homeostasis protein OS = Bombyx 
mori OX = 7091 GN = IHoP PE = 2 
SV = 1

5 1 2 1 1 693 77.5 5.3

Q8N0P2 Heat shock cognate protein; Heat 
shock protein 70 OS = Bombyx 
mori OX = 7091 GN = BmHSC70-4 
PE = 2 SV = 1

5 2 2 1 1 649 71.1 5.47

H9JP12 Sex-specific storage-protein 1 
OS = Bombyx mori OX = 7091 
PE = 4 SV = 1

4 2 2 2 1 747 87.2 7.14

H9JV50 Tubulin alpha chain OS = Bombyx 
mori OX = 7091 PE = 3 SV = 1

9 2 2 2 1 450 49.9 5.14

G1UIS8 Apolipophorin protein OS = Bombyx 
mori OX = 7091 GN = I PE = 2 
SV = 1

2 3 3 3 1 3317 369 7.81

Q2F5I5 Glycyl-tRNA synthetase OS = Bom-
byx mori OX = 7091 PE = 2 SV = 1

4 1 1 1 1 732 83 7.37

A1E9B3 Vacuolar ATP synthase catalytic 
subunit A OS = Bombyx mori 
OX = 7091 PE = 2 SV = 1

3 1 1 1 1 617 68.3 5.39

H9JTA1 Phenoloxidase subunit 1 OS = Bom-
byx mori OX = 7091 PE = 4 SV = 1

4 1 1 1 1 685 78.7 6.71

H9JQN8 Protein disulphide-isomerase 
OS = Bombyx mori OX = 7091 
PE = 3 SV = 1

3 1 1 1 1 494 55.6 4.7

O97158 Transferrin OS = Bombyx mori 
OX = 7091 PE = 2 SV = 2

2 1 1 1 1 681 75.7 7.2

Q9XXZ6 Polyubiquitin OS = Bombyx mori 
OX = 7091 GN = UBI3 PE = 2 
SV = 1

2 1 1 1 1 913 102.4 7.99
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it might be suggested that biosynthesized nanosilver solu-
tion acts as an effective preservative and this technique of 
preservation might be helpful for preserving mulberry leaves 
on long-term basis during rainy season. By implementing 
this technique, landless farmers will also be benefited as it 
will reduce the day to day transport cost, thus increasing the 
overall profit margin.
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Abstract
Present study deals with synthesis and assessment of antimicrobial and antioxidant activity of silver nanoparticles using 
aqueous extract of mulberry leaves. The optical study showed the appearance of SPR peak in the range of 423–450 nm 
affirming nanosilver formation. FTIR analysis indicates the possible involvement of proteins, carbohydrate and secondary 
metabolites as reducing and capping agents. SEM, TEM and HR-TEM analysis reveals that the synthesized nanoparticles 
were spherical in shape with particle size ranges between 12 and 39 nm. EDX spectra showed maximum intensity at 
3 keV, affirming silver crystal. XRD analysis showed silver nanoparticles were preferentially oriented along (111) reveal-
ing crystalline structure. DLS analysis confirms the stability of silver nanoparticles with zeta potential of + 37.4 mV. Silver 
nanoparticles showed effective antimicrobial activity against both gram positive and gram negative bacteria with highest 
activity against Salmonella typhimurium with MIC 40 µg/ml. Further silver nanoparticles also showed dose dependent 
antioxidant activity against free radicals like DPPH,  ABTS+, superoxide and nitric oxide; besides this nanosilver also per-
formed significant metal chelating activity.

Keywords Silver nanoparticles · Mulberry leaf extract · Characterization · Antimicrobial · Antioxidant

1 Introduction

Biogenic method of synthesis of metal nanoparticles are 
increasingly becoming popular in present day world due 
to their simplicity, less toxic, effortless and eco-friendly 
nature. Copper, zinc and silver are mostly used metals for 
synthesis of nanoparticles because of their biomedical 
properties [1]. Silver nanoparticles is increasingly becom-
ing popular and faces an annual demand of five hundred 
tons [2] due to its non-toxic, optical, catalytic, bio-sensing, 
drug delivery, antioxidant, cytotoxic and antimicrobial 
activities [3, 4]. Literature study reports several techniques 
including chemical reduction [5], thermal decomposition 
[6, 7], photochemical reduction [8], heat evaporation [9] 
and microwave irradiation [10] for the formation of silver 

nanoparticles. Most of these techniques are costly, toxic 
and requires chemical compounds which put harmful 
effect on living system, imposing an extra demand for 
finding alternative technique that utilizes nontoxic natural 
compounds for nanosilver production.

Biogenic method uses microorganism both living and 
dead [11, 12], fungi [13], leaf extract [14], root extract [15], 
fruit extract [16, 17], latex [18], enzymes [19–21] and many 
others for the preparation of bio-friendly silver nanoparti-
cles. Plant extract gain extra advantage over microorgan-
ism, as isolation and maintenance of microbial culture 
under aseptic condition was not cost effective [22]. Besides 
the rate of production of nanoparticles using microorgan-
isms was much slower than plant mediated synthesis [23]. 
Plant extracts that were reported recently in biosynthesis 
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of silver nanoparticles included Datura stramonium [24], 
Moringa stenopetala [25], Cymbopogon citratus [26], Cas-
sia roxburghii [27], Bergenia ciliata [28], Cardiospermum 
halicacabum [29], Carica papaya [30], Eclipta alba [31] and 
many others.

We have selected leaf extract of Morus alba (Mulberry), 
plant which bears not only economic importance but also 
having medicinal importance. Wild and cultivated species 
of mulberry are distributed throughout India [32], making 
their easy availability. Global importance of mulberry is the 
utilization of its leaves for the feeding of monophagous 
insect Bombyx mori. Mulberry is also used for its anti-dia-
betic [33], antimicrobial [34], antioxidant [35, 36], neuro-
protective [37], anticancerous [38] and hepatoprotective 
[39] activity. Because of its high medicinal importance, 
mulberry leaves along with its root and stem are con-
sumed directly as tea in different parts of world [40, 41].

Earlier workers have biosynthesizing silver nanoparti-
cles using dried mulberry leaf extract, which was either 
sun dried [42] or shade dried [43, 44]. Oxidative change 
in phytochemical constituents may occur during drying 
process, which may put significant impact in reduction 
process during nano formation. To avoid such possibility, 
we aimed in using aqueous decoction of fresh mulberry 
leaves through refluxing for nanosilver formation.

Current work is based on the hypothesis that synthe-
sized nanoparticles will bear effective antimicrobial and 
antioxidant activity. Present approach deals with biosyn-
thesis of silver nanoparticles using mulberry leaf extract 
that will act as reducing and stabilizing agent. The synthe-
sized nanoparticles will be characterized for determining 
nature, type, morphology, shape and functional groups 
involved in nanoparticles formation. The antimicrobial 
activity of synthesized nanoparticles will be screened by 
studying the zone of inhibition and MIC of both gram posi-
tive and gram negative bacteria and antioxidant scaveng-
ing potential will be screened through DPPH,  ABTS+, nitric 
oxide, superoxide and metal chelating activity.

2  Materials and methods

2.1  Preparation of plant extract

Fresh, mature and disease free S1 genotype of mulberry 
leaves were collected from Matigara Sericulture Complex, 
Siliguri, West Bengal, India (26°70′40″N and 88°35′37″E). 
The leaves were surface cleaned with double distilled 
water several time to remove the debris and organic con-
taminants and were then air dried for 45 min to remove 
the water content at room temperature. About 10 g leaves 
were finely chopped and refluxed with 100 ml double dis-
tilled water for 60 min. The yellowish aqueous extract was 

filtered out with Whatman No. 1 filter paper (GE Healthcare 
UK Ltd, China make) and then centrifuged at 2000 rpm for 
5 min to remove suspended impurities. The supernatant 
was used for biogenic synthesis of silver nanoparticles.

2.2  Synthesis of silver nanoparticles

For synthesizing silver nanoparticles, 10 ml plant extract 
was added drop wise to 90 ml aqueous solution of silver 
nitrate (SIGMA-ALDRICH Batch # 0000003756) with con-
tinuous uniform stirring for 10 min using magnetic stirrer 
(REMI EQUIPMENTS). The reducing and capping agents 
present in the extract changes the colour of the solution 
from transparent to reddish or blackish brown, indicating 
the formation of silver nanoparticles.

2.3  Characterization of silver nanoparticles

2.3.1  UV–visible spectra analysis

Initial characterization of reduction of  Ag+ ion was done 
after 12 h of reaction by diluting the nano solution in 1:4 
ratio and by plotting absorption spectra against wave-
length range of 300–800 nm using UV–Vis Spectropho-
tometer (SYSTRONICS-2201).

2.3.2  Fourier transformed infrared spectroscopy (FTIR)

Detection of functional groups for predicting the involve-
ment of organic molecules as reducing and capping 
agents for reduction of silver ion was done using Fourier 
Transformed Infrared Spectroscopy (THERMO NICOLET, 
AVATAR 370), with a wavelength range of 4000–500 cm−1 
and a resolution of 4 nm. Dried nanoparticles and plant 
extract were incorporated directly on potassium bromide 
crystals to obtain the spectra in transmittance mode.

2.3.3  Scanning electron microscopy (SEM) and field 
emission scanning electron microscope (FESEM)

SEM and FESEM analysis was conducted for studying the 
shape and surface morphology of synthesized nanoparti-
cles. SEM analysis was done using JEOL Model JSM-6390LV 
SEM machine. For analysis, drop of sample was dried on a 
carbon-coated copper grid and then images were taken 
at different magnification. FESEM was analyzed with JEOL 
Model JSM-7600F at an accelerating voltage of 10 kV and 
at 50,000× magnification.

2.3.4  Energy dispersive X‑ray spectroscopy (EDX)

EDX analysis was performed for determining the elements 
present in the synthesized nanoparticles. EDX analysis was 
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done on dry sample through Oxford-EDX system that uses 
80 mm2 SDD detector that detects element under high 
resolution.

2.3.5  High resolution transmission electron microscopy 
(HR‑TEM)

HR–TEM was analyzed was done using FEI TECNAI G2, 
F30 by operating at an accelerating voltage of 300 kV. 
HR–TEM analysis was done for determining the size, shape 
and morphology of silver nanoparticles. The size distribu-
tion range was obtained using Origin b9.5.5.409 software 
(Origen Lab Corporation, USA) by measuring the size of 
more than 350 particles. Percent polydispersity of synthe-
sized nanoparticles was determined using the following 
formula: Polydispersity (%) = (σ/xc) × 100, where σ = stand-
ard deviation of particle size distribution and xc = average 
nanoparticles size.

2.3.6  X‑ray diffraction analysis (XRD)

For determining X-ray diffraction pattern, centrifuged and 
dry crystals of silver nanoparticles were used. XRD analy-
sis was done using BRUKER AXS D8 ADVANCE (BRUKER 
KAPPA APEX II) machine, operated at 30 mA current and 
at 40 kV voltage. For generating 2θ data the sample was 
Cu Kα radiated, operated at a speed of 5°/min. The result 
obtained was compared with standard JCPDS library for 
determining the crystalline structure. The average crys-
talline size has been estimated using Debye–Scherrer’s 
formula, D = (0.9λ∕βCosθ) where λ is the wavelength of 
the X-ray source, β is the angular FWHM of the XRD diffrac-
tion peak and θ is the Bragg angle. FWHM was calculated 
from Gaussian function using Origin b9.5.5.409 software. 
Inter planar spacing (d) was calculated from Bragg’s Law, 
2dSinθ = nλ where n is the order of diffraction pattern. 
Lattice constant  (a0) has been derived from the following 
formula,  a0 = d × √  (h2 + K2 + l2), where d is inter planar spac-
ing and h, k, l are plane direction.

2.3.7  Dynamic light scattering (DLS)

DLS analysis of synthesized nanoparticles was done to cor-
relate relationship between particle size and number of 
particles. Through DLS study zeta potential and average 
particle size of synthesized nanoparticles was determined. 
Measurement was done through DLS analyzer (ZETASIZER 
NANO ZS90 ZEN3690) where water was used as dispersion 
medium with dispersion and material refractive index of 
1.332 and 1.330 respectively, viscosity of 0.8872 cP, count 
rate of 343.7 Kcps and temperature of 25 °C.

2.3.8  Antimicrobial activity

Disk diffusion method was followed for screening the 
antimicrobial activity of synthesized nanoparticles using 
mulberry leaf extract. Antimicrobial activity was tested at 
seven different concentrations of silver nanoparticles (25, 
50, 100, 200, 300, 400, 500 µg/ml). Gram positive (Bacil-
lus megaterium ATCC 14581, Staphylococcus aureus ATCC 
11632, Bacillus subtilis ATCC 11774) and gram negative 
(Escherichia coli ATCC 11229 and Salmonella typhimurium 
ATCC 25241) test organisms were grown for 6 h on nutrient 
broth prior to their application to obtain rapidly growing 
viable cells. 100 µl test organism from nutrient broth was 
mixed uniformly with nutrient agar plate and was allowed 
to solidify. After 30 min, paper disk soaked with appropri-
ate concentration of nanosilver was placed in the nutrient 
agar plate. The zone of inhibition was calculated in mil-
limetre scale after 24 h of incubation at 37 °C.

Antimicrobial activity of silver nanoparticles was also 
evaluated in terms of minimum inhibitory concentration 
(MIC). For estimation, different concentration of silver 
nanoparticles was added to 50 ml sterilized nutrient broth 
and to it 0.1 ml actively growing viable bacterial culture 
was added maintained at  106 CFU/ml. Microbial growth 
was measured using UV–visible spectrophotometer (SYS-
TRONICS-2201) at 600 nm after 24 h incubation at 37 °C 
and 120 rpm.

2.3.9  Antioxidant activity

Antioxidant activity of prepared nanosilver and plant 
extract was evaluated following standard protocol in 
terms of  ABTS+ [45], DPPH [46], superoxide [47], nitric 
oxide [48] scavenging and metal chelating [49] activ-
ity. Scavenging and chelating activity was measured as 
percent inhibition using the following equation: Percent 
inhibition = [(A0 − A1)/A0] 100%, Where  A0 is the absorb-
ance of the control and  A1 is the absorbance of the sam-
ple. Antioxidant activity was expressed as concentration 
where 50% reduction in free radical takes place referred 
to as  IC50 value.

3  Result and discussion

3.1  UV–visible spectra analysis

Biogenic synthesis of silver nanoparticles was confirmed 
by colour change of silver nitrate solution from trans-
parent to yellowish and finally to reddish or blackish 
brown (Fig. 1). The dielectric medium and the organic 
constituents of the plant extract are few of many factors 
responsible for change in colour during nano formation 
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[50]. Further validation of nanoparticles formation was 
done using UV–Vis spectrophotometer. Sastry et al. [51] 
reported that appearance of surface plasmon resonance 
(SPR) spectra in the wavelength range of 400–500 nm 
confirms the formation of silver nano particles. Figure 2 
shows SPR spectra of silver nanoparticles formed using 
different concentration (2.5, 5, 10, 15, 20  ml) of plant 
extract keeping the concentration of silver nitrate constant 
 (10−3 M). The characteristic UV–visible spectra shows SPR 
band of formed nanosilver at ~ 429 nm when synthesized 
using 2.5 ml plant extract. The obtained peak gets shifted 
towards red region when nano was prepared with 5 ml 
(~ 432 nm) and 10 ml (~ 432 nm) plant extract. However 
decrease in SPR spectra (blue shift) was noticed with 
increase in concentration of extract to 15 ml (~ 426 nm) 
and 20 ml (~ 423 nm). The red or blue shift of SPR spec-
tra mainly depends on size, shape and nature of organic 
constituents present in surrounding medium [52]. The 

decrease in SPR spectra at high concentration of plant 
extract takes place because excess biomolecules beyond 
a certain limit ceases nano formation [53].

Nano synthesis was also monitored at different con-
centration of silver nitrate  (10−1,  10−2,  10−3,  10−4,  10−5 M) 
keeping the concentration of plant extract constant in the 
ratio of 1: 9. The UV–visible spectrum (Fig. 3) shows SPR 
bands that range from 430 to 450 nm which confirms nano 
formation. It was observed that  10−4 M and  10−5 M concen-
tration of silver nitrate was insufficient for nano formation, 
while at high concentration  (10−1 M), formed nanoparti-
cles in solution became hazy due to the reaction between 
excess concentration of silver nitrate with biomolecules, 
resulting in low intensity and broad SPR spectra. The 
broad and low intensity SPR band at high concentration 
appeared because of sedimentation of particle with time. 
Similar result was also reported by Balavijayalakshmi and 
Ramalakshmi [54] using Carica papaya peel. Nanosilver 
formed with  10−2 M and  10−3 M silver nitrate showed maxi-
mum wavelength peak at ~ 450 nm and ~ 435 nm respec-
tively, indicating red shift with increase in concentration. 
SPR peak at high wavelength indicates large particle size 
[14]. Kaya et al. [55] reported that small size nanoparticles 
are biologically more active than large size nanoparticles. 
As nanosilver produced from  10−3 M silver nitrate shows 
SPR peak at lower wavelength than  10−2 M, so its particle 
size will be smaller than that produced by  10−2 M silver 
nitrate and thus is biologically more active.

3.2  Fourier transformed infrared (FTIR) 
spectroscopy

FTIR analysis was conducted to determine possible 
involvement of functional groups participating in reduc-
tion and stabilization of silver nanoparticles. FTIR spectra 
of dried aqueous plant extract showed absorption band 

Fig. 1  Biogenic synthesis of silver nanoparticles mediated by mul-
berry leaf extract at different concentration of silver nitrate

Fig. 2  UV–visible spectra of silver nanoparticles synthesized at dif-
ferent concentration of leaf extract

Fig. 3  UV–visible spectra of silver nanoparticles synthesized at dif-
ferent concentration of silver nitrate
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at 3425.1, 1627.7, 1386.6, 1066.4, 1020.2, 761.7, 572.7 
and 518.7 cm−1 (Fig. 4a). After reduction, certain spec-
tral peaks showed slight shift in wave number such as 
3430.9, 1033.7 and 796.4 cm−1; bands at 1627.7, 1386.6, 
572.7 and 518.7 cm−1 appeared at exact location, while 
two extra band appeared at 2919.8 and 2854.2  cm−1 
(Fig. 4b). The spectral similarity between plant extract and 
nano silver with minor deviation due to reduction pro-
cess [56] strongly supports the involvement of different 
components of plant extract in bioreduction of metallic 
salts into nanoparticles. Ganesh Babu and Gunasekaran 
[57] reported that interaction between metal salts and 
biomolecules for the production of nanoparticles takes 
place through the involvement of functional groups. The 
bands at 3425.1 cm−1 shifted to 3430.9 cm−1 corresponds 
to N–H vibration mode which was overlapped with –OH 
vibration stretching of alcoholic and phenolic compounds 
[22, 58]. The peaks at 2919.8 cm−1 and 2854.2 cm−1 repre-
sents vibrations of –CH2 and –CH3 functional groups. These 
peaks are not detected in plant extract probably due to 
interference of –OH vibration stretching. Strong intense 
peak at 1627.7 cm−1 corresponds vibration of primary and 
secondary amines [59, 60] and 1386.6 cm−1 corresponds to 
C–N vibration stretch, probably representing amide I band 
of proteins found in leaf extracts [61]. The intense band 
at 1066.4, 1020.2 cm−1 of plant extract and 1033.7 cm−1 
of nano silver represents strong C–O– and C–OH stretch-
ing vibration of carboxylic acid, alcohol, ester and ether 
bond of protein and carbohydrate present in the extract 
[62, 63]. Peak at 761.7 cm−1 of extract was shifted towards 
higher wave number at 796.4 cm−1 in prepared nanosil-
ver indicates N–H vibration of primary aliphatic amines. 
Absorption band at 572.7 and 518.7 cm−1 indicates C–Cl 
stretching vibration and C–C skeleton vibration of branch 

alkenes respectively. Butt et al. [64] reported the pres-
ence of protein, carbohydrate, glycoprotein, phenols, fla-
vonoids, aminoacids, carotene and anthocyanins in mul-
berry leaf extract. Liang et al. [65] through spectroscopic 
analysis detected the presence of glucose and sucrose as 
carbohydrate; alanine, asparagines, GABA and proline as 
amino acid; acetic acid and succinic acid as a mono and 
di-carboxylic acid respectively; trigonelline as alkaloid in 
mulberry leaf extract. Hunyadi et al. [66] reported the pres-
ence of secondary metabolites like chlorogenic acid, rutin, 
isoquercitrin in mulberry leaf extract. Thus the functional 
groups detected in IR spectra, defines the presence of car-
bohydrate, proteins and different secondary metabolites 
in the plant extract that are involved in reduction of silver 
ion and also acts as stabilizing agent.

3.3  Scanning electron microscopy (SEM) and Field 
emission scanning electron microscope (FESEM)

SEM micrograph of biosynthesized silver nanoparticles 
was given in Fig. 5a. From SEM imaging it was observed 
that most of the silver nano particles were spherical while 
some are irregular in shape. The micrograph obtained in 
FESEM (Fig. 5b) also shows spherical nanoparticles, sup-
porting the result obtained by SEM. Uniform alignment 
of silver nanoparticles was observed in FESEM with aver-
age particle size of 16.33 ± 5.14 nm. The particle size dis-
tribution ranges from 12 to 40 nm, some particles of size 
greater than 50 nm were also observed but are probably 
due to the overlapping of one particle with another. In 
some places particles were agglomerated due to cross 
linking [52] or may be due to evaporation of solvent dur-
ing preparation of sample [67].
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3.4  Energy dispersive X‑ray spectroscopy (EDX)

For identifying the elements involved in synthesis of sil-
ver nanoparticles, energy dispersive spectrum analysis 
was conducted. EDX analysis gives both qualitative and 
quantitative information regarding the participation of 
element in bioreduction. The elemental profile shows 
the presence of C, O, S, Cl and Ag (Fig. 6a), with strong 
intensity peak at 3 keV representing Ag. Due to surface 
plasmon resonance, silver shows intense peak at 3 keV 
confirming the formation of silver nanoparticles [68, 69]. 
The quantitative profile of elements in terms of percent 
weight indicated that silver accounting maximum por-
tion ~ 70% followed by carbon and oxygen (Fig. 6b). 
Presence of carbon and oxygen indicates the presence of 
alkyl chain as stabilizing agent during the bioreduction 

of metallic silver [70], supporting the result obtained 
through FTIR analysis.

3.5  High resolution transmission electron 
microscopy (HR‑TEM)

From HR-TEM images it was observed that formed silver 
nanoparticles were spherical in shape and they vary in 
their size distribution. HR-TEM image of prepared nanosil-
ver at 200 nm scale was represented in Fig. 7a. From HR-
TEM study average particle size was estimated to be 
14.95 ± 2.29 nm and size distribution ranges between 12 
and 38 nm (Fig. 7b). The variation in size distribution was 
mainly due to clustering of nanoparticles at some places 
[67]. TEM analysis reveals that the periphery of the nano-
particles is thinner than centre, indicating the involvement 

Fig. 5  a SEM and b FESEM micrograph of biosynthesized silver nanoparticles

Fig. 6  a EDX spectra and b 
elemental profile of biosynthe-
sized nanoparticles
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of protein molecules as capping agent [71]. The polydis-
persity was found to be 11.35% indicating that most of the 
particles remain in monodispersed phase; similar finding 
had been reported by Ibharim [72] and Banala et al. [30] 
using banana peel and papaya leaf extract respectively. 
Application of nanoparticles largely depends on size, 
shape and polydispersity index of particles [73]. Agnihotri 
et al. [74] reported that bioactivity of silver nanoparticles, 
mainly antimicrobial activity is inversely proportional to 
the size of the nanoparticles. Present study represents 
smaller size nanoparticles, supporting their bioactive 
nature.

3.6  X‑ray diffraction analysis (XRD)

For confirming the crystalline nature of biologically syn-
thesized nanoparticles, XRD pattern of dried nanosilver 
was studied and was represented in Fig. 8. Four prominent 
diffraction peak were obtained at 38.14°, 44.26°, 64.46°, 
77.41° corresponding to (hkl) values of (111), (200), (220), 
(311) Bragg’s reflections plane of face centered cubic sil-
ver. The obtained data was matched with standard JCPDS 
library file no: 04-0783 which also confirms face centered 
cubic structure of biosynthesized silver nanoparticles. The 
intensity of peak at (200), (220) and (311) are weak and are 
broad, while (111) represents sharp and intense peak indi-
cating that nanocrystals are (111) oriented. By determining 
Debye–Scherrer’s equation at (111) Bragg’s reflection, the 
average crystalline size was found to be 10.65 nm. Simi-
lar XRD orientation was earlier reported by Awwad et al. 
[3] and Premasudha et al. [31] while synthesizing silver 
nanoparticles using Carob and Eclipta leaf extract respec-
tively. Besides normal peaks of silver, three extra peaks at 
27.86°, 32.26° and 46.11° were observed and these peaks 

represents the organic constituents of extracts that are 
responsible for reduction of silver ion [75].

The crystalline nature of synthesized nanoparticles was 
further evaluated through selected area electron diffrac-
tion (SAED) pattern (Fig. 9). The bright diffraction spots 
corresponds to (111), (200), (220) and (311) Bragg reflec-
tion planes [76]. SEAD pattern reflects that the crystals are 
mostly oriented on (111) plane and due to which sharp 
and intense peak was generated at (111) XRD pattern.

The FWHM value, crystalline size (D), dislocation density 
(δ), inter planar spacing (d), lattice constant  (a0) and cell 
volume against Bragg’s reflections at (111), (200), (220) and 
(311) are represented at Table 1. The obtained lattice con-
stant value of most intense peak (111) was 4.084 Å which 
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almost matches exactly with the reported standard value 
of silver which is 4.086 Å (JCPDS file no: 04-0783). Similar 
finding on biogenic synthesis of silver nanoparticles was 
earlier reported by Anandalakshmi et al. [77] and Mehta 
et al. [78].

3.7  Dynamic light scattering

DLS analysis reveals that all the particles in the disper-
sion remain in nano-size with average zeta diameter of 
29.68 nm and polydispersity index (PDI) of 0.441 (Fig. 10). 
The particle size obtained from DLS analysis is greater than 
that obtained through TEM and XRD analysis, this may be 
due to the fact that DLS analysis takes into consideration 
associated capping and reducing agents during size meas-
urement [79]. Besides size for biological activity, stability 
of nanoparticles plays an important role [80]. Nano stabil-
ity is measured in terms of zeta potential which measures 
the surface charge of nanoparticles. Nanoparticles bearing 
greater positive or negative zeta potential will repulse each 
other, which will prevent nano agglomeration and there 
by increases stability [81]. Particles bearing zeta potential 
greater than + 30 mV or less than − 30 mV are considered 
to remain stable without agglomeration for longer dura-
tion [82]. The zeta potential value of biosynthesized silver 

nanoparticles was + 37.4 mV, indicating that the particles 
are present in highly stable state. Positive value of zeta 
potential was due to development of electrostatic force 
of attraction between positively charged capping agents 
with the nanoparticles [83].

3.8  Antimicrobial activity

Biosynthesized silver nanoparticles using mulberry leaf 
extract showed potent antimicrobial activity against both 
gram positive and gram negative bacteria as evident by 
measuring the diameter of inhibition zone (Fig. 11). The 
data tabulated in Table  2 indicates that at maximum 
concentration (500 µg/ml) silver nanoparticles showed 
highest activity against gram positive bacteria, Bacillus 
megaterium (22.03 ± 1.06 mm) while at lowest concentra-
tion (25 µg/ml) best activity was obtained against gram 
negative bacteria, S. typhimurium (10.51 ± 1.17 mm) than 
other tested microorganisms. This result was possibly due 
to the fact that metals at higher concentration can easily 
bind to the surface of gram positive bacteria [84], while at 
lower concentration thick peptidoglycan layer, consisting 
of linear polysaccharide chains cross linked by short pep-
tides makes the cell wall of gram positive bacteria a rigid 
structure which creates difficulty for silver nanoparticles 
to penetrate the bacterial cell wall [72]. In Gram nega-
tive bacteria the cell wall possesses thinner peptidogly-
can layer, due to which silver nanoparticles could easily 
release silver ion causing damage to membrane leading to 
bactericidal activity [85]. It has been reported earlier that 
silver nanoparticles prepared with extract of Aloe vera [86], 
Eriobotrya japonica [87], Sida acuta [88], Capparis spinosa 
[89], Lycopersicon esculentum [90], Artocarpus heterophyllus 
[67] showed strong antimicrobial activity against different 
strains of microorganisms.

On assessing MIC value of silver nanoparticles against 
different tested microorganisms (Fig. 12) it was found that 
silver nanoparticles showed highest bactericidal activity 
against gram negative bacteria, S. typhimurium followed 
by Escherichia coli with MIC value of 40 µg/ml and 60 µg/ml 
respectively. The MIC value of gram positive bacteria was 
found to be on higher site with maximum value of 160 µg/
ml in Bacillus megaterium. MIC value against gram negative 
bacteria appeared at low nanosilver concentration proba-
bly because the thin peptidoglycan layer of gram negative 

Fig. 9  SAED image of biosynthesized silver nanoparticles

Table 1  Variation in crystalline 
size, dislocation density, inter 
planar spacing, lattice constant 
and cell volume of synthesized 
nanoparticles

2θ Orientation Intensity FWHM (°) D (nm) δ  (nm−2) d (Å) a0 (Å) Cell volume (Å3)

38.14 111 393.44 0.7887 10.6567 0.0088 2.358 4.084 68.096
44.26 200 79.12 1.0685 8.0258 0.0155 2.045 4.090 68.399
64.46 220 116.06 0.6677 14.0642 0.0051 1.444 4.085 68.179
77.41 311 93.25 1.3229 7.6951 0.0169 1.232 4.086 68.199
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bacteria easily permits nanoparticles to penetrate the cell 
wall [91]. Silver nanoparticles by releasing silver cations 
inhibit bacterial growth by damaging cellular organiza-
tion [92]. Stoimenov et al. [93] reported that electrostatic 
force of attraction between positively charged nanoparti-
cles and negatively charged microbial membrane was the 
driving force for bactericidal activity. Silver nanoparticles 
by interacting with negatively charged phosphorous and 
sulphur containing cellular constituents like DNA and pro-
teins inhibit microbial growth [94, 95]. Although in recent 
years different mode of action of silver nanoparticles has 
been demonstrated by different workers but exact mode 
of action was not clear and requires further analysis.

3.9  Antioxidant activity

Biosynthesized silver nanoparticles exhibit significant dose 
dependent scavenging activity against all the free radicals 
as shown in Fig. 13. The functional groups of leaf extract 
that are involved in reduction of silver ion for nanosilver 
formation are mainly responsible for its antioxidant activ-
ity [96].

The lipophilic radical DPPH was considered as model 
test for determining the free radical scavenging activity 
of synthesized nanoparticles and natural compounds 
because of its high stability [97]. In its radical form, DPPH 
shows maximum absorbance at 517 nm which gradually 
decreases by reduction caused by antioxidants [98]. In 
present study DPPH scavenging activity increases with 
increase in concentration of synthesized nanoparticles 
with maximum activity of 47.81% at highest concentra-
tion (100 µg/ml) which is ~ 56% of the activity showed by 
standard ascorbic acid at the same concentration, while 
plant extract showed considerably less scavenging activity 
of 36.22%. Our finding in the present study was supported 
by earlier workers who also observed almost similar out-
come while working with silver nanoparticles prepared 
using extract of Iresine herbstii [99], Alpinia katsumadai 
[100].

ABTS scavenging activity of silver nanoparticles was 
evaluated using BTH as standard. Oxidation of ABTS with 
potassium persulfate generates  ABTS+ cation, a blue 
chromophore that causes oxidative damage [27].  ABTS+ 
scavenging activity is mostly used to access the potential 
of hydrogen donors and antioxidant agents present in 

Fig. 10  DLS size distribution pattern and zeta potential of biosynthesized silver nanoparticles using mulberry leaf extract
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the biological samples [26]. Silver nanoparticles displayed 
maximum  ABTS+ scavenging activity of 95.08% almost 
equivalent to that exhibited by BTH standard 95.51% at 
100 µg/ml, representing strong activity. Strong  ABTS+ 

scavenging activity of green synthesized silver nanoparti-
cles was also reported by Shanmugam et al. [101].

Silver nanoparticles showed 64.04% nitric oxide 
scavenging activity at 100 µg/ml in comparison with 

Fig. 11  Antimicrobial activ-
ity of silver nanoparticles at 
seven different concentrations 
(I—500, II—400, III—300, 
IV—200, V—100, VI—50, 
VII—25 µg/ml) against a, b 
Bacillus megaterium, c, d Staph-
ylococcus aureus, e, f Bacillus 
subtilis, g, h Escherichia coli, i, j 
Salmonella typhimurium 
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88.62% and 45.72% in gallic acid standard and plant 
extract respectively. Silver nanoparticles utilize electron-
egative property of nitric oxide radical for reducing by 
donating electron [102]. Nitric oxide plays vital role in 
bio-regulation, but excess production or accumulation 
of nitric oxide may cause several disorders [96]. Silver 

nanoparticles through its scavenging potential nullify 
the harmful effect of nitric oxide.

Superoxide scavenging activity was measured at 
560  nm and reduction in absorption value indicates 
consumption of superoxide ions by antioxidants. Sil-
ver nanoparticles at 100 µg/ml concentration exhibit 

Table 2  Antimicrobial activity of silver nanoparticles against tested microorganisms

Results are expressed as Mean ± SEM of triplicate determinations. Values with different letters (a, b, c, etc.) differ significantly (p ≤ 0.05) by 
Duncan’s Multiple Range Test

Microorganism Zone of inhibition (mm)

500 µg/ml 400 µg/ml 300 µg/ml 200 µg/ml 100 µg/ml 50 µg/ml 25 µg/ml

Bacillus megaterium 22.03 ± 1.06a 20.00 ± 0.78ab 18.31 ± 1.02bc 16.95 ± 1.55c 11.19 ± 1.02d 9.32 ± 1.28de 6.61 ± 1.53e

Staphylococcus aureus 16.61 ± 1.06a 15.08 ± 0.78ab 13.73 ± 0.88bc 12.71 ± 0.51 cd 11.36 ± 1.28de 10.17 ± 1.35e 7.10 ± 1.02f

Bacillus subtilis 21.86 ± 1.02a 17.97 ± 0.78b 15.93 ± 0.59c 11.86 ± 1.28d 11.36 ± 1.06d 9.15 ± 1.02e 7.29 ± 0.29e

Escherichia coli 20.51 ± 1.06a 19.49 ± 1.55a 15.93 ± 0.78b 11.53 ± 1.28c 10.17 ± 1.35 cd 8.64 ± 1.02de 7.12 ± 1.02e

Salmonella typhimurium 17.97 ± 1.28a 16.27 ± 0.51ab 15.42 ± 1.06bc 13.90 ± 0.78 cd 13.39 ± 1.06 cd 12.54 ± 0.78de 10.51 ± 1.17e

Fig. 12  Minimum inhibi-
tory concentration of silver 
nanoparticles against tested 
microorganisms
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significant superoxide scavenging activity of 81.92% in 
comparison with 85.35% in tocopherol standard. Super-
oxide is a weak anionic radical but bears the capacity to 
generate two harmful radicals, hydroxyl radical and sin-
glet oxygen that develops oxidative stress [103]. Inside 
living system superoxide directly reacts and damages 

DNA and protein [104], besides this hydroxyl radical gen-
erated by superoxide causes cellular damage by reacting 
with polyunsaturated fatty acid associated with phos-
pholipids [105]. In present study silver nanoparticles 
showed high superoxide scavenging activity which was 
supported by Reddy et al. [104] showing 60% superoxide 
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Fig. 13  DPPH, ABTS, nitric oxide, super oxide and metal chelating 
scavenging activity of biosynthesized silver nanoparticles in com-
parison with plant extract and respective standards (results are 

expressed as mean ± STDEV of triplicate determinations. Values 
with different letters (a, b, c, etc.) differ significantly (p ≤ 0.05) by 
Duncan’s multiple range test)



Vol.:(0123456789)

SN Applied Sciences           (2019) 1:498  | https://doi.org/10.1007/s42452-019-0527-z Research Article

scavenging with silver nanoparticles prepared using fruit 
extract of Piper longum.

Metal chelating is the ability of the antioxidant to desta-
bilize the formation of Ferrozine-Fe2+ complex [106]. Metal 
chelating activity was estimated at 562 nm and decrease 
in absorption in respect to control indicates the ability of 
antioxidant to bind with iron. Nanosilver at 100 µg/ml con-
centration exhibits 84.24% metal chelation, while at same 
concentration plant extract and ascorbic acid standard 
showed 68.62% and 90.81% scavenging activity respec-
tively, indicating high metal chelation potential of biosyn-
thesized nano particles with respect to standard.

IC50 value of synthesized silver nano particles, plant 
extract and respective standards against all the studied 
antioxidants are enlisted in Table 3. It was observed that 
silver nanoparticles showed maximum activity against 
 ABTS+ cation radical with  IC50 of 25.929 µg/ml, while least 
activity was against DPPH scavenging activity having  IC50 
of 97.27 µg/ml. In comparison with standard, it can be 
stated that  IC50 of synthesized nanoparticles increased 
significantly with respect to plant extract from which it 
was prepared.

4  Conclusion

Mulberry leaves as an agricultural product in the field of 
sericulture has been successfully utilized for quick, sim-
ple, stable, eco-friendly and cost-effective production of 
silver nanoparticles using biogenic process. UV–visible 
spectral analysis reveals that the optimum concentra-
tion for nanosilver formation is  10−3 M silver nitrate and 
5 ml plant extract. The synthesized nanoparticles were 
crystalline and spherical in nature with average parti-
cle size ranges from 10 to 16 nm as revealed through 
XRD, SEM and TEM analysis. FTIR analysis showed that 
the stability of silver nanoparticles was mainly due to 
the presence of proteins, carbohydrate and different 
secondary metabolites that acts as reducing and cap-
ping agents. Synthesized nanoparticles showed high 
potential to protect against damage caused by free 

radicals. The antimicrobial screening demonstrates that 
biosynthesized silver nanoparticles exhibit strong anti-
microbial activity against both gram positive and gram 
negative microorganisms. From our study it may be rec-
ommended that synthesized silver nanoparticles can be 
explored as an alternative option in the prevention of 
diseases related with generation of free radicals and also 
in reducing microbial count in biological systems.
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