
4.0 R E S U L T S A N D D I S C U S S I O N 

Infectious diseases are the leading cause o f death worldwide. T h e c l in ica l e f f ic iency o f 

many existing antibiotics is being threatened by the emergence o f multidrug resistant pathogens. 

Bacter ia l pathogens have evolved numerous defense mechanisms against antimicrobial agents 

and resistance to old and newly produced drug. T h e increasing failure o f antibiotic resistance 

exhibited b y pathogenic microbial infectious agents has led to the screening o f several medicinal 

plants for their potential antimicrobial activity (Olaleye, 2015) . 

I n recent years, there has been an increasing awareness about the importance o f medicinal 

plants. Medic ina l plants are s t i l l invaluable source o f safe, less toxic, lower price, available and 

reliable natural resources o f drugs a l l over the wor ld (Kabbashi et al, 2 0 1 4 / T h e active drugs 

found in plants are secondary metabolites. It plays a vi ta l role for their phytochemical 

constituents. Most o f these molecules are secondary metabolites, o f wh ich atleast 12,000 have 

been isolated and characterized (Akta r et al., 2011) . 

Drugs derived f rom medicinal plants are easi ly available, inexpensive, safe, and efficient. 

(Razmavar , 2014) . One such plant that is used in traditional medicine is Trianthema 

portulacastrum. I t has antibiotic, antifungal, antiseptic, analgesic, antipyretic, bronchitis, 

antioxidant, anti-inflammatory, hepatoprotective, nephroprotective, antifertility, 

antihyperglycemic and hypolipidemic and anti-cancer activity. T h e leaves were used to cure 

jaundice, strangury and dropsy. T h e ju ice o f the leaves dropped into the nostrils relives migraine 

( L a k s h m i et al, 2014) . 

Ear l ie r studies in our laboratory had reported the antimicrobial act ivi ty o f Trianthema 

portulacastrum o f phytochemical fractions namely alkaloid, phenolics and flavonoids. These 

fractions were tested wi th the various bacterial species among wh ich Staphylococcus aureus and 

Klebsiella pneumoniae were found to be the most sensitive organisms. 

Hence, i n this study w e have analysed the mode o f action o f the leaves o f Trianthema 

portulacastrum for its antimicrobial act ivi ty such as bacterial time k i l l kinetics, haemolytic 

activity, membrane permeability, U V absorbtion method and D N A binding af f in i ty . T h e post 

antibiotic effect o f both the methanolic extract and f lavonoid fractions o f Trianthema 

portulacastrum L . on the pathogens such as Staphylococcus aureus, a G r a m positive bacteria and 
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Klebsiella pneumoniae, a G r a m negative bacteria has been carried out. A n d , also the membrane 

damage on the pathogens was analyzed b y Scanning Electron Microscopy. 

4.1 P R E P A R A T I O N O F M E T H A N O L I C E X T R A C T A N D F L A V O N O I D F R A C T I O N S 

T h e methanolic and f lavonoid extract was prepared from 5g leaves o f Trianthema 

portulacastrum L by the procedure given by Harbome method. T h e y ie ld o f methanolic extract 

and f lavonoid fractions was found to be 2 7 % and 25%respectively. 

4.2 B A C T E R I A L T I M E K I L L K I N E T I C S 

Bacter ia l time k i l l kinetics was performed for methanolic extract and f lavonoid 

fractions o f Trianthema portulacasti'um against Staphylococcus aureus and Klebsiella 

pneumoniae. T h e concentration o f methanolic extract and f lavonoid fractions were found to be 

100 mg andl25 mg respectively when they were tested for their antibacterial act ivi ty on 

selected pathogens. T h e results are presented in Figures 1 and 2. 

T h e percentage o f C F U at different time exposure was calculated b y fixing the 

0^'minute C F U as 100%. Wi th the methanolic extract, the number o f C F U o f Staphylococcus 

aureus and Klebsiella pneumoniae were found to be decreased wh ich has been shown in the 

Plates 2 and 3. A t different time intervals, 30 minutes incubation was found to reduce the cells 

to 6 9 % and 96%. A m o n g different time period o f incubation, 90 and 150 minutes have been 

found to reduce the viable cells to 2 4 % and 15%. Further increase i n the incubation time lead to 

the complete death o f both the organisms. Hence methanolic extract showed more potent 

towards Klebsiella pneumoniae compared to Staphylococcus aureus. 

When the bacteria were treated wi th the f lavonoid fractions the number o f C F U o f 

Staphylococcus aureus and Klebsiella pneumoniae were found to be decreased. A t different 

time intervals, 30 minutes incubation was found to reduce the cells to 9 8 % and 7 3 % (Plates 4 

and 5) . A m o n g various time intervals, 90 and 60 minutes have significantly found to reduce the 

viable cells to 60% and 5 4 % respectively. Further increase in the incubation time lead to the 

complete death o f both o f the selected pathogens. 
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Figure 1: Bacterial T ime K i l l Kinetics of methanolic extracts of Trianthemaportulacastrum 

against Staphylococcus aureus and Klebsiella pneumoniae 
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Figure 2: Bacterial T ime K i l l Kinetics of flavonoid fractions of Trianthema portulacastrum 

against Staphylococcus aureus and Klebsiella pneumoniae 
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Plate 2: Influence of methanolic extract of Trianthemaportulacastrum on Staphylococcus 

aureus at different time intervals 
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Plate 3: Influence of methanolic extract of Trianthema portulacastrum on Klebsiella 

pneumoniae at different time intervals 
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Plate 4: Influence of flavonoid fractions of Trianthema portulacastrum on Staphylococcus 

aureus at different time intervals 
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Plate 5: Influence of flavonoid fractions of Trianthema portulacastrum on Klebsiella 

pneumoniae at different time intervals 
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Thus f lavonoid fractions were more effect ive against Staphylococcus aureus than 

Klebsiella pneumoniae. Hence, f lavonoid fractions were found to possess higher antibacterial 

activity than methanolic extract. 

There are several literatures available for the bacterial time k i l l kinetics o f antimicrobial 

compounds. Agyare et aL, i n 2015stated that the ethanol leaf extract o f Pupalia lappacea 

exhibited antibacterial and antifungal activities where the results o f bacterial time k i l l kinetics 

indicated the reduction o f init ial viable cells wi th increasing concentration o f the leaf extract 

leading to microbial destruction. 

Hasan et al., i n 2015 reported that the k i l l i n g kinetic assay o f crude and methanolic 

extract oi Zingiber officinale at a concentration o f 128| ig/ml showed an antibacterial act ivi ty 

against Streptococcus mutans. The results showed more than 5-log C F U / m l decrease after 24 

hour o f incubation and showed reduction o f 4-log C F U / m l . 

A study by Ikhane et al., in 2014 has stated that the methanol extract o f Paulliniapinnata 

exhibited bactericidal property against Pseudomonas aeruginosa and Staphylococcus aureus at 4 

hour and 8 hour in various ranges o f 800mg/ml and 400mg/ml respectively. 

I n another study wi th the time k i l l curves o f a-terpineol, Escherichia coli had directly 

entered decline phase and were k i l l ed by a-terpineol at I x M I C in 8 hour and 2 x M I C in 4 hour. 

Thus the rate o f k i l l i n g was increased by increasing the concentration o f a-terpineol { L i et al., 

2014) . 

Rajamuthiah et al., i n 2015 has studied the activity o f niclosamide and oxyclozanide at a 

concentration o f 4 x M I C against Methicillin-resistant Staphylococcus aureus (MW2) where 

oxyclozanide was able to k i l l M R S A completely during a 4 hour o f exposure period and 

niclosamide only caused a s ix fo ld drop in Colony Forming Uni ts ( C F U ) indicating that 

niclosamide is bacteriostatic whereas oxyclozanide is bactericidal against staphylococcus aureus. 

Our study has revealed that the f lavonoid fractions o f leaves o f Trianthema 

portulacastrum has more potential than the methanolic extract. 
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4.3 H E M O L Y S I S A C T I V I T Y 

Haemoglobin is a component o f the R B C w h i c h forms usual ly at the later stages o f 

erythropoiesis { R B C s formation). Hemolyt ic act ivi ty is a requirement to be tested because the 

plant possessing potent antimicrobial act ivi ty may not be useful in pharmacological preparations, 

i f they possess hemolytic effect. 

Hemolyt ic act ivi ty was performed for the methanolic extract and f lavonoid fractions o f 

Trianthema portulacastrum w i th the concentration o f 125mg and lOOmg respectively against 

goat red blood cells. The total hemolysis { % ) was obtained using 0 . 1 % Tr i ton X - l O O . T h e results 

o f hemolytic act ivi ty are presented in Table 1. 

The results o f the assay described that the methanolic extract and f lavonoid fractions 

were found to lyse the red blood cells to 7% and 15% respectively. A m o n g these fractions, 

flavonoid fractions exhibited lower hemolytic activity, indicating its significant role in drug 

formulation. 

Table 1: Hemolytic activity of methanolic extract and flavonoid fractions of Trianthema 

p ortula castrum 

Sample Concentration (mg) Percentage o f Hemolysis 

{ % ) 

Methanolic extract 100 15 

Flavonoid fractions 125 7 

M a n y literatures are available regarding the Hemolyt ic activities 

Ak ta r et al i n 2011 stated that the hemolytic activity o f crude methanol extract and its 

aqueous soluble fractions o f both bark and seed o f Entada phaseoloides (L) at 2.0mg/ml 
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signif icantly protected the lys is o f mice R B C membrane induced by h j^o ton ic solution as 

compared to the standard acetyl sa l icyl ic acid (0.10 mg/ml) . B o t h these extracts exhibited 

78.89% and 65.52% inhibition o f hemolysis o f red blood cells as compared to 84.44% standard 

acetyl sa l icyl ic acid. 

I n a study by Gupta and Caphalkar in 2015 on hemolytic activity o f aqueous 

extract o f leaves o f Jasminum auriculatum, the resultsshowed higher act ivi ty at higher doses (30 

mg/ml) as compared to control. 

Another study by K u m a r Qt al., i n 2013 reported the ve ry l ow hemolytic effect o f aqueous 

extract of Aerva lanata stem against normal human erj^hrocytes suggesting the less/no toxic i ty 

o f the plant on human erythrocytes. 

A study on the in vitro hemolytic act ivi ty o f methanol extract o f Maytenus royleanus 

leaves and its various fractions against normal human erythrocytes showed that the ethyl acetate 

fraction exhibited min imum effect, whereas aqueous fractions showed highest act ivi ty (Shabbir 

Qtal, 2013) . 

The results o f hemolytic activity o f methanolic extract and f lavonoid fractions clearly 

demonstrates the non-cytotoxic property o f the leaves o f Trianthema portulacastrum. 

4.4 U V A B S O R P T I O N M E T H O D 

Nucleic acids and proteins absorb U V light at a wavelength o f 260nm and 280nm 

respectively. T h e presence o f these materials i n a bacterial suspension may be used as an 

indicator o f damage o f the ce l l membrane w h i c h in turn caused leakage o f the intracellular 

materials into the surrounding and finally it might cause ce l l death. 

The leakage o f proteins and nucleic acids for methanolic extract and f lavonoid fractions 

were checked using Spectrophotometer at 260nm and 280nm and was monitored over a period o f 

60 minutes. A t regular in ten al time period 0,15,30,45 and 60 minutes the reading has been 

taken. The absorbance o f 260nm (nucleic acid materials) and 280nm (proteins) was increased. 

The results suggest that phytochemical fractions alter the bacterial ce l l membrane resulting in the 

leakage o f the nucleic acids and proteins. 
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The results are presented in Table 2 and 3. W i t h the increase in time, there was a 

m a x i m u m leakage o f proteins and nucleic acids f r o m the microorganisms treated f lavonoid 

fractions than wi th methanolic extract. A m o n g the two microorganisms, Staphylococcus aureus 

was found to be more susceptible than Klebsiella pneumoniae. 

Several literatures are available for the leakage o f nucleic acid and protein due to the 

action o f plant extracts. K a r s h a and L a k s h m i (2010) revealed that the treatment o f 

Staphylococcus aureus cells w i t h spice extracts and essential oils induce the leakage o f 

absorbing material over a period o f 90 minutes. T h e y suggested that the membrane permeability 

resulted wi th the leakage o f the UV260 and UV280 absorbing material w h i c h might cause ce l l 

death. 

I n a study by V a n i and L a k s h m i in 2014, the membrane leakage o f cellular constituents 

having absorption at 260nm and 280nm were observed over a period o f 90 minutes in the 

presence o f spice extracts and essential oils against Staphylococcus aureus. Th i s revealed that the 

Syzygium aromaticum and Cinnamomum zeylanicum induced leakage rapidly than Piper nigrum. 

Table 2: Determination of leakage of nucleic acids and proteins at UV26O and irV280 nm 

from Staphylococcus aureus 

Wavelength 

(nm) 

Absorbance 

Wavelength 

(nm) 0 mins 15 mins 30 mins 45 mins 60 mins 

Control 

260 0.004 0.004 0.004 0.004 0.004 

Control 280 0.006 0.006 0.006 0.006 0.006 

Methanolic 

extract 

260 0.009 0.012 0.016 0.021 0.027 Methanolic 

extract 
280 0.032 0.045 0.048 0.067 0.078 

Flavanoid 

fractions 

260 0.014 0.025 0.028 0.032 0.034 

Flavanoid 

fractions 
280 0.046 0.096 0.121 0.132 0.148 
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Table 3: Determination of leakage of nucleic acids and proteins at UV26o3iid irV28o 

from Klebsiella pneumoniae 

Wavelength 

(nm) 

Absorbance 

Wavelength 

(nm) 0 mins 15 mins 30 mins 45 mins 60 mins 

Control 

260 0.003 0.003 0.003 0.003 0.003 

Control 280 0.004 0.004 0.004 0.004 0.004 

Methanolic 

extract 

260 0.012 0.032 0.046 0.049 0.052 Methanolic 

extract 
280 0.036 0.042 0.080 0.096 0.110 

Flavanoid 

fractions 

260 0.026 0.032 0.045 0.076 0.095 

Flavanoid 

fractions 
280 0.067 0.086 0.098 0.108 0.127 

4.5 M E M B R A N E P E R M E A B I L I T Y A S S A Y 

C e l l membrane acts as a barrier for transporting molecules in and out o f the ce l l . A 

damage to the membrane leads to the leakage o f intracellular substances w h i c h is essential for 

their ce l l surv iva l . 

The leakage o f intracellular components f r o m the bacterial ce l l membrane leads to the 

release o f protein and nucleic acid from the membrane w h i c h is analysed by U V absorption 

method. I n order to quantify the amount o f protein and sugar released f r o m the bacterial ce l l 

envelope and to compare the membrane permeability potential o f the phytochemical fractions, 

this assay was carried out. The results are shown in Figures 3 and 4. 

The culture o f Staphylococcus aureus and Klebsiella pneumoniae were incubated in 

Muel ler Hinton broth w i t h appropriate concentration o f methanolic extract and f lavonoid 

fractions o f Trianthema portulacastrum for overnight in a shaking incubator at 3 7 ° C . Then the 
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overnight samples were centrifriged and the supernatant were used to estimate the leakage o f 

cellular substances such as sugar and protein. 

Membrane permeability was performed by treating the culture o f Staphylococcus aureus 

and Klebsiella pneumoniae w i t h the methanolic extract and f lavonoid fractions o f Trianthema 

portulacastrum. The supematant obtained, was used to estimate the leakage o f sugar. The level 

o f reducing sugar was increased in both methanolic extract and flavonoid fractions w h i c h 

indicated the leakage o f cel l membrane permeability. The level o f reducing sugar was found to 

be greater than the control value. Hence, both the culture o f Staphylococcus aureus and 

Klebsiella pneumoniae were more susceptible to the methanolic extract and f lavonoid fractions 

damaging the membrane, leading to leakage o f reducing sugar {cel lular substances). 

S imi la r ly , the supematant obtained f r o m the treated culture oi Staphylococcus aureus and 

Klebsiella pneumoniae w i t h the methanolic extract and f lavonoid fractions o f Trianthema 

portulacastrum were taken for the estimation o f leaked protein. The level o f protein increased in 

both these fractions showed the leakage o f cel l membrane integrity. The level o f protein was 

found to be higher than the control value. Hence, both the organisms are susceptible to 

methanolic extract and f lavonoid fractions w h i c h results in the leakage o f protein. 

Th i s explains that the flavonoid fractions o f the Trianthema portulacastrum has the 

abili ty to the damage bacterial ce l l membrane. A m o n g the two tested pathogens, Staphylococcus 

aureus was found to be susceptible when compared to Klebsiella pneumoniae. 

There are several literatures available to support this study are as fo l lows 

Anandhi et al., i n 2014 stated that the phytocompounds were treated on the bacterial culture such 

as E.coli, Staphylococcus aureus and Klebsiella pneumoniae and the results predicted the 

leakage o f the ce l l membrane o f pathogens. Thus , the concentration o f the reducing sugar and 

protein estimated were higher in glycosides and flavonoids compounds o f Caesalpinia Coriaria 

treated wi th Staphylococcus aureus cells 
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Figure 3: The leakage of reducing sugar by membrane permeability of methanolic extract 

and flavonoid fractions of Trianthema portulacastrum 
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Figure 4: The leakage of protein by membrane permeability of methanolic extract and 

flavonoid fractions of Trianthema portulacastrum 
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I n this study by Gurunathan in 2014, the bacterial cells (Escherichia fergusoniiand 

Streptococcus mutans) were treated w i t h si lver nanoparticle alone or in combination wi th 

antibiotics for 12 hour and the amount o f protein released in the suspension o f the treated cells 

was signif icantly higher than the control groups or si lver nanoparticles alone group. These results 

revealed that the higher amount o f protein was leaked through G r a m -negative bacterial 

membranes as compared to G r a m - positive bacterial membrane. 

The results o f membrane permeability assay clearly demonstrate that the methanolic 

extract and f lavonoid fraction o f Trianthema portulacastrum causes an extensive damage to the 

membrane leading to its antibacterial potential. 

4.6 D N A B I N D I N G A S S A Y 

D N A is important to the replication o f a l l l i v ing forms including bacteria. D N A damage 

interferes wi th D N A replication and transcription, and thereby induces mutations, chromosomal 

aberrations, cellular senescence, and apoptosis. These interactions are essential to cellular 

metabolism and the surv iva l o f a l l organisms. 

I n order to c l a r i fy the molecular mechanism o f action, w e examined the D N A binding 

abili ty o f the test compounds. The genomic D N A was isolated f r o m both Staphylococcus aureus 

and Klebsiella pneumoniae and the purity was checked by U V absorption spectra at 

260nm/280nm. The concentration o f methanolic extract and f lavonoid fractions were taken as 

lOOmg and 125mg respectively. The D N A binding abili ty o f the methanolic extract and 

f lavonoid fractions o f Trianthema portulacastrum was determined by the gel retardation method. 

The D N A from Staphylococcus aureus and Klebsiella pneumoniae were treated wi th the 

methanolic extract and f lavonoid fractions o f Trianthema portulacastrum for one hour at room 

temperature fo l lowed by the agarose gel electrophoresis. The results o f D N A binding assay for 

Staphylococcus aureus are presented in the Table 4 and plate 6. These results are also confirmed 

by the Integral Dens i ty Values ( I D V ) obtained using a digital gel documentation software. The 

results o f D N A binding assay for Klebsiella pneumoniae were shown in the Table 5 and plate 7. 
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Table 4: Ef fect of methanolic extract and flavonoid fractions of Trianthema portulacastrum 

on genomic D N A Qf Staphylococcus aureus 

Sample I D V of the bands 

Genomic D N A o f Staphylococcus 

aureus 

260000 

Genomic D N A oi Staphylococcus 

aureus w i th methanolic extract 

44254 

Genomic D N A o f Staphylococcus 

aureus w i t h f lavonoid fractions 

26372 

The results o f electrophoretic mobil i ty indicated that there is a significant damage in 

methanolic extract and f lavonoid fractions treated D N A o f Staphylococcus aureus. The genomic 

D N A o f Staphylococcus aureus was found to be intact whi le there is a significant retardation on 

the agarose gel. A l s o methanolic extract and f lavonoid fractions have the D N A binding abil i ty 

w h i c h is indicated by the damaged D N A in the agarose gel. These results are also confirmed by 

the Intergral Densi ty Values ( I D V ) obtained by the gel documentation system. 

O n comparison o f the I D values o f the Staphylococcus aureus D N A and the flavonoid 

fractions treated Staphylococcus aureus D N A , w e can conf i rm that there is a remarkable damage 

in the D N A treated w i t h the f lavonoid fractions, contributing to its D N A binding ability. 
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Table 5: Effect of methanolic extract and flavonoid fractions of Trianthemaportulacastrum 

on genomic DNA oi Klebsiella pneumoniae 

Sample IDV of the bands 

Genomic DNA oi Klebsiella pneumoniae 1435523 

Genomic DNA oi Klebsiella pneumoniae 

with methanolic extract 

10563 

Genomic DNA oi Klebsiella pneumoniae 

with flavonoid Abactions 

2378 

The ID values of the flavonoid fractions treated DNA is much lesser than the control 

genomic DNA. This indicates the intensity of the damage occurred on the genomic DNA by the 

antibacterial compounds. 

From the results and the calculated IDV value, it was clear that the flavonoid fractions 

were found to have more DNA binding capacity than the methanolic extract. 

There are several reports available to prove the DNA binding ability 

It was observed that replacing one or more of the electron donating groups such as 

hydroxyl or furan ring results in an increase in the DNA cleavage affinity {Al-Omair et al., 

2015). 

In a study by Park et al., in 1998 reported that the DNA or RNA binding abilities of 

buforin I I and magainin 2 were analyzed by DNA or RNA bands at various weight ratios of 

peptides on Agarose gel (1%). This result indicates that buforin I I binds to DNA and RNA 

atleast over 20 times tightly than magainin 2. 

Therefore DNA binding assay as indicated by the agarose gel and the IDV values 

confirmed that the leaves of Trianthema portulacastrum and flavonoid fractions have the good 
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DNA binding ability, for them to become a better antibacterial agents resulting in its antibacterial 

activity. 

1 2 3 

Lane 1 : Genomic DNA of Klebsiella pneumoniae 

Lane 2 : Genomic DNA with methanol fractions 

Lane 3 : Genomic DNA with flavonoid fractions 

Plate 7: Effect of methanolic extract and flavonoid fractions of Trianthema 

portulacastrum on DNA of Klebsiella pneumoniae 
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4.7 POST ANTIBIOTIC E F F E C T 

Post antibiotic effect (PAE) is defined as persistent suppression of bacterial growth after 

a brief exposure (1 or 2h) of bacteria to an antibacterial agent even in the absence of host defence 

mechanism. In PAE, inhibition of bacterial growth is seen when either the antibacterial agent is 

no longer present in bacterial medium or if present; its concentration is well below the MIC 

(Sharma et al, 2002). 

Post antibiotic effect was performed for methanolic extract and flavonoid fractions of 

Trianthema portulacastrum against Staphylococcus aureus. The results are depicted in Figure 5, 

Plates 8 and 9. The concentration of flavonoid and methanol fractions was found to be 125mg 

and lOOmg respectively. At 2 hour, the cells were found to be rapid bactericidal activities. 

20 

•Flavanoid 

•Methanol 

1 1 1 1 1 1 

1 2 3 4 5 6 7 

T I M E (hours) 

Figure 5: Post Antibiotic Effect Methanolic extract and Flavonoid fractions of Trianthema 

portulacastrum against Staphylococcus aureus 
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Plate 8: Influence of methanolic extract of Trianthema portulacastrum on Staphylococcus 

aureus at different time intervals 
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Plate 9: Influence of flavonoid fractions of Trianthema portulacastrum on Staphylococcus 
aureus at different time intervals 
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The post antibiotic effect was measured by incubating Staphylococcus aureus with 

methanolic extract and flavonoid fractions for 2 hours, thereafter the bacteria were washed to 

remove the fractions and the re-growth of the bacteria was analysed at every one hour. The 

results of this assay indicated that both the methanolic extract and flavonoid fractions showed a 

good post antibiotic effect with the selected pathogens. 

There are several reports in the literature indicating the post antibiotic effects of 

antimicrobial compounds. In this study by Ahmad et al., in 2015 had reported the post antibiotic 

effect of cefquinome against Staphylococcus aureus at different concentrations of I X , 2X, 4X 

MIC for up to 2 hours. 

Haste et al., in 2011 revealed that the marinopyrrole has a potent role which exhibited a 

concentration - dependent bactericidal activity against MRSA strains, a prolonged post antibiotic 

effect superior to that of vancomycin and linezolid, and are highly favorable. 

Hensler ef al., in 2014 has studied the activity of anthracimycin against contemporary 

methicillin-resistant Staphylococcus aureus. The compound exhibited minimal post antibiotic 

effects against USA300 MRSA (methicillin-resistant Staphylococcus aureus), with regrowth 

rapidly after removal of the compound within 3 hours at five times its MIC. 

Another study by L i et al., in 2001 carried out the post antibiotic effect of colistin and 

colistin methane sulfonate on three strains exhibited rapid bactericidal activity of 2 to 3 hours at 

16 times of MIC after 15 minutes of exposure. 

Both the methanolic extract and flavonoid fractions produced a significant post antibiotic 

effect of 2 hours against Staphylococcus aureus. 

4.8 SCANNING E L E C T R O N MICROSCOPY (SEM) 

Electron microscopy was used to investigate the mechanism of action of Trianthema 

portulacastrum fractions in pathogenic microorganisms. Scanning electron microscopy (SEM) 

was used to obserŝ e membrane damage and the morphological changes in bacteria 

Staphylococcus aureus. 
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Among the two tested pathogens, Staphylococcus aureus was found to be more 

susceptible when compared with Klebsiella pneumoniae. Hence Staphylococcus aureus was 

taken to analyse the surface morphology by Scanning Electron Microscopy. 

The SEM images represent the methanolic extract and flavonoid fractions treated 

Staphylococcus aureus cells as shown in plate 9 and 10. There is distortion in the shape of cells, 

with depressions on the surface as a result of exposure to both the fractions. The frequency of 

dead and damaged cells was found to be more in flavonoid fractions than in methanol fractions. 

It revealed deformed and destroyed cells with probable depletion of their intracellular cell 

content. 

Using Scanning electron microscopy, the membrane damage was clearly seen in Staphylococcus 

aureus treated methanolic extract and flavonoid fractions of the leaves of Trianthema 

portulacastrum. 

Several studies using Scanning electron microscopy has been carried out to analyse the 

morphology changes in bacterial cells. 

Tyagi et al., (2015) stated that the Scanning electron microscopy of 25fj.M, 50fj.M and 

lOOfiM curcumin I treated Staphylococcus aureus cells have indicated the distortion in the shape 

of the cells, with depression on the surface of the cells. 

Erika et al., (2015) reported that the essential oil from Origanum vulgaris Linna and 

reference drugs such as chloramphenicol, triclosan and neomycin proved the membrane damage 

when treated with tested bacteria including Micrococcus luteus, Proteus vulgaris, 

Staphylococcus aureus andCorynebacterium xerosis where considerable morphological changes 

were observed when compared to the control group. 

L i et al., (2015) stated that the untreated Escherichia coli and Staphylococcus aureus 

were rod-shaped and round shaped, respectively, both with smooth and intact cell walls. After 

exposure of Catechin-Cu nanoparticles for 3h, the quantity of Staphylococcus aureus greatly 

decreased and cell walls became wrinkled and damaged. Similarly, in Escherichia coli cells, the 

shape and size of cells also damaged dramatically and there were a lot of materials attached on 

the bacterial surface. 
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(B) Methanolic extract treated Staphylococcus aureus 

Plate 10: Scanning electron microscopic images oi Staphylococcus aureus with treated 

methanolic extract 
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(A) Staphylococcus aureus cells 
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Plate 10: Scanning electron microscopic images of Staphylococcus aureus treated with 

flavonoid fractions 
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The results of scanning electron microscopy analysis clearly demonstrate that the 

methanolic extract and flavonoid fractions are able to damage the cell membrane of the studied 

bacteria. 

From the above observations, it has been proved the mechanism of the action of 

methanolic extract and flavonoid fractions of Trianthema portulacastrum leaves against bacterial 

pathogens. The study on bacterial time kill kinetics gave a better knowledge about the 

bacteriostatic property of the phytochemical fractions. The hemolytic study of the phytochemical 

fractions concludes that flavonoid fractions does not cause the hemolysis. The determination of 

leakage of nucleic acids and proteins by U V absorption method has showed the maximum 

leakage towards the flavonoid fractions, ultimately resulting in the release of intracellular 

components of the bacterial cell membrane. The mode of action on membrane permeability assay 

explained that these phytochemicals fractions cause membrane damage leading to the leakage of 

protein and sugars. The DNA binding capacity of the phytochemical fractions shows that 

flavonoid fractions binds to the DNA of the microorganism and degrade them which finally 

caused their death. The Post antibiotic effect clearly proved that both the methanolic extract and 

flavonoid fractions produced a significant post antibiotic effect of 2 hours against 

Staphylococcus aureus. Scanning Electron Microscopy proved that the methanolic extract and 

flavonoid fractions are able to damage the cell membrane of the studied bacteria. 
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1 2 

Lane 1 : Genomic DNA oi Staphylococcus aureus 

Lane 2 : Genomic DNA with methanolic extract 

Lane 3 : Genomic DNA with flavonoid fractions 

Plate 6: Effect of methanolic extract and flavonoid fractions of Trianthema portulacastrum 

on DNA of Staphylococcus aureus 
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4.5. Changes in selected biochemical composition and antioxidant levels of Kodo 
millet during soaking and germination 

Kodo millet is a minor grain crop in India. The grain varies in color from light red 

to dark grey and is enclosed in a tough husk that is difficult to remove. It has high protein 

content, being around 1 1 % and the nutritional value of the protein is regarded as being 

slightly better than that of foxtail millet, but comparable to the other millets. It is however 

deficient in the amino acid tryptophan. It is also reasonably low in fat with high fiber 

content. Due to high antioxidant content, it is beneficial in protecting against oxidative 
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Table 4.5. Selected biochemical composition and antioxidants content of the Kodo millet under the influence of soaking 

germination 

and 

s. 
No 

Treatments Protein 
(mg/g) 

Total 
Carbohydrate 
(mg/g) 

Total Free 
sugars 
(mg/g) 

Peroxidase 
(U/g) 

Polyphenol 
oxidase (U/g) 

Superoxide 
dismutase 
(U/g) 

Ascorbic 
acid (U/g) 

Total 
Phenolics 
(mg/g) 

Flavonoid 
(mg/g) 

1 C 05.22±0.40 80.90±1.49 1.41±0.91 1.39±0.50 0.017±0.003 0.450±0.06 0.07±0.04 1.85±0.14 0.65±0.1 
2 S I 09.22^0.37" 77.44±1.07' ' ' 3.64±0.59* 5.46±1.36* 0.006^0.004""' 1.456±0.08* 0.18±0.03* 1.57±0.12"'^ 0.67±0.12""' 

3 S2 08.15±0.36* 79.90±2.17'''' 3.46±1.23* 2.29±0.76* 0.033±0.00r 2.232±0.04* 0.066±0.05""' 1.92±0.12* 0.66±0.12"" 

4 S l G l 07.80±0.66* 58.69±1.20* 17.98±1.37* 5.65±0.73* 0.004±0.004^'' 3.610±0.08* 0.20±0.05* 2.13±0.r 0.65±0.12 

5 S1G2 09.93±0.5r 49.89±1.19* 19.29±0.37* 3.82±0.46* 0.033±0.00r 0.573±0.03"" 0.30±0.05* 1.60^0.13""^ 0.55±0.10"" 

6 S2G1 12.07±0.46* 65.48±1.65* 12.78±0.47* 1.84±0.30''' 0.008^0.005""' 0.585=^0.07""' 0.27±0.04* 1.64±0.10"'^ 0.61±0.10""' 

7 S2G2 13.12±0.78* 49.89±1.20* 12.63±0.48* 2.02±0.70''' 0.011±0.007"'' 0.163±0.03"" 0.28±0.03* 1.58±0.12"'^ 0.67±0.12"" 

CD(0.05) 0.486 4.607 0.405 0.691 0.015 0.637 0.038 0.031 0.024 
Significant, NS- Non significant. Values presented in the columns are Mean±SE of triplicates. 

S I - seeds soaked for 6h 
S l G l - seeds soaked for 61i followed by 24h germination 
S1G2 - seeds soaked for 6h followed by 48h germination 

S2 - seeds soaked for 12h 
S2G1 - seeds soaked for 121i 
S2G2 - seeds soaked for 12h 

followed by 24h germination 
followed by 48h gennination 
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Plate.4.5: Kodo millet (Paspalum scrobiculatuni) 

A. seeds soaked for 6h; B. seeds soaked for 6h followed by 24h germination; C. seeds soaked for 6h 
followed by 481i germination D. seeds soaked for 121i; E . seeds soaked for 12h followed by 241i 
germination; F. seeds soaked for 12h followed by 48h germination 

Fig 4.13 Changes in Selected Biochemical Constituents in Foxtail millet during 
Soaking and Germination 
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b). Changes in carbohydrate content 
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4.5.2. Enzymic antioxidant levels 

The effect soaking and germination on the levels enzymic antioxidants such as 

peroxidase, polyphenol oxidase and superoxide dismutase is presented in figure 4.14a, 

4.14b, 4.14c, respectively. The treatments S2G1 and S2G2 showed insignificant levels of 

all the enzymic antioxidants tested in the study. Control grain contains 1.39±0.50 U/g 

peroxidase, 0.017±0.003 U/g polyphenol oxidase and 0.450±0.06 U/g superoxide 

dismutase. L i comparison with control peroxidase was found increase significantly from 

2.29±0.76 (S2) to 5.65±0.73 ( S l G l ) U/g. S I and S1G2 showed 5.46±1.36 and 

3.82±0.46 U/g, respectively. 
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The polyphenol oxidase in S I and S l G l Shown to decrease than control and are 

said to be insignificant. The treatment S2 and S1G2 (0.033±0.001 U/g) showed increased 

content of polyphenol oxidase than control, which increased at same level. Superoxide 

dismutase content significantly increases from S I (1.456±0.08 U/g) to S l G l 

(3.610±0.08 U/g), in comparison to control. The increased level of superoxide dismutase 

in S1G2 (0.573±0.03 U/g) is insignificant to control. 

Fig 4.14 Changes in Enzymic Antioxidant levels in Kodo millet during 
Soaking and Germination 
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c). Changes in superoxide dismutase activity 
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4.5.3. Non-enzymic antioxidant levels 

Effect of soaking and germination on ascorbic acid content of kodo millet is 

presented in figure 4.15a. The above said two processing methods produced significant 

effect kodo millet ascorbic acid content. The ascorbic acid present in control grain was 

found to be 0.07±0.04 U/g. Ascorbic acid present in the treatments ranged from 

0.066±0.05 (S2) to 0.30±0.05 (S1G2) U/g. The treatment S2 is said to be insignificant 

due to its lower ascorbic acid content (0.066±0.05 U/g) than control. Germinated grains 

( S l G l to S2G2) contain higher ascorbic acid content than soaked grains ( S I and S2). 

Total phenolic content in the processed kodo millet was found to be significantly 

high in S l G l (2.13±0.1), followed by S2 (1.92±0.12 mg/g) and insignificant in S I , S1G2 

to S2G2(1.57±0.12, 1.60±0.13, 1.64±0.10and 1.58±0.12 mg/g) when compared to control 

(1.85±0.14 mg/g) (Figure 4.15b). 

The flavonoid present in the treatments were found be insignificant in comparison 

to control (0.65±0.1 mg/g). It ranges from 0.55±0.10 ( S l G l ) to 0.67±0.12 ( S I and S2G2) 

mg/g (Figure 4.15c). Within the treatments and also with control, not much variation was 

observed for flavonoid content. In general, the content of total phenolics was found to be 

higher than ascorbic acid and flavonoid present in the kodo millet used in the present 

study. 
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Fig 4.15 Changes in Enzymic Antioxidant levels in Kodo millet during 

Soaking and Germination 
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Discussion 

The goal of this present study is to gain more insight into the effect of 

pre-processing treatments such as soaking and germination on selected biochemical 

constituents and antioxidant levels present in the f ive millets. Soaking and germination 

significantly affected the proximate chemical compositions such as the protein, total 

cm^bohydrate and total free sugar content of pearl millet, finger millet, little millet, foxtail 

millet and kodo millet. It was also observed that the selected proximate component 

content increased during germination after soaking than soaking process alone. A s the 

duration of germination increased protein content also increased, and it was found to be 

significantly high in 48 h germinated grains with 12 h soaking at p<0.05. A s the duration 

of germination increased the rate of respiration increase which results in loss of dry 

matter particularly carbohydrates which causes increaset in other nutrient such as protein 

(Opoku, 1981). 

Mmiy workers have also observed such increases in protein during germination of 

VM^ious cereals said legumes (Inyang and Zakari, 2008). The increase in protein could be 

attributed to a net synthesis of enzymic protein by germinating seeds ( W H O , 1998). The 

increase in protein might also be due to the fact that some amino acids aie produced in 

excess of the requirement during protein synthesis and these tend to accumulate in free 

amino acid pool (Marero et al., 1989). Other researchers have attributed the increase to 

the degradation of storage protein and synthesis of new protein and other materials (King 

and Puwastien, 1987), while Tsaio et al. (1975) stated that the increase in protein on 

germination of com seed was due to mobilization of storage nitrogen producing the 

nutritionally high quality proteins which the young plant needs for its development. 

I n the present study, a significant decrease (p<0.05) in c^bohydrate levels of five 

millets samples was observed with soaking and germination. The decrease might be due 

to increase in alpha-amylase activity (Lasekan, 1996). The alpha-amylase breaks down 

complex carbohydrates to simpler and more absorbable sugars which are utilized by the 

growing seedlings during the early stages of germination. Vidal-Valverde et al. (2002) 

explained that during germination, carbohydrate was used as source of energy for 

embryonic growth which explained the changes of carbohydrate content after 

germination. Additionally, p-amylase activity that hydrolyzes the starch into simple 
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carbohydrate was increased during germination (Suda et al., 1986). S t ^ch in cotyledon 

was broken down into smaller molecules such as glucose and fructose to provide energy 

for cell division while the seeds mature ^ d grow (Vidal-Valverde et al., 2002; Nonogaki 

eta!.,2010). 

There was a significant (p<0.05) increase in total free sugar content in all the 

treatments over control. The same trend was observed for all the f ive millets. The 

germinated sample from 48 h after 6 h soaking is rich in total free sugar content for all the 

selected millets except pearl millet which has high free sugar content in germinated grain 

from 24 h after 6 h soaking. There are several reports on the occurrence of free sugars in 

cereal grains during germination ( W o o l ^ d et al, 1976a, b; Hall et al, 1956; Von Holdt 

and Brand, 1960; Laberge et al, 1973; Wanhede et al., 1979). The present observation is 

in agreement with Nirmala et aJ. (2000), who observed a variation in free sugars and 

non-starch polysaccharides of fmger millet grain upon germination. Soaking ^ d 

sprouting increased the total sugar content due to increased activity of a- and |3- amylases 

(Dogra etal., 2001). 

Grains contribute a significant supply of antioxidant to prevent oxidative stress. It 

is due to this fact that, grains are used as a staple food and are consumed in Im^ger amount 

in our diets (Choi et al., 2007). Recent epidemiological studies have suggested that 

increased consumption of whole grains, fruits and vegetables is associated with reduced 

risks of chronic diseases (Hu, 2002). This may be attributed to the presence of natural 

antioxid^ts from plant foods such as vitamin C , tocopherol, carotenoids and polyphenols 

which prevent free radical damage (Diplock et al., 1998). Millets siVQ known to contain 

phenolic acids, which are located in the pericarp, testa, aleurone layer ^ d endosperm 

(Hahn et al. 1984). Millets also contain phenolics acids, tannins and phytate which act as 

'antinutrients' (Thompson, 1993). However, it is now established that these antinutrients 

are known to reduce the risk of colon and breast cancer in animals (Graf and Eaton, 

1990). However, millets have been the subject of less interest in any research. Extensive 

research information on processing and nutrient composition are available (Geervani and 

Eggum, 1989) however, only very little information is available on its antioxidant 

activity(Asharani et aJ., 2010). Although there are few studies on the total antioxidant 

activity by researcher groups of Odusola et al. (2013), Suma and Urooj (2012), 
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Mishra et al. (2014) and Singh and Hathan (2014); until date there is no study that 

evaluates the effects on soaking and germination on selected enzymic antioxidant levels 

such as peroxidase, polyphenol oxidase and superoxide dismutase. Polyphenol oxidase 

levels were found to be lower than peroxidase and superoxide dismutase levels in all the 

five millets tested. Significantly high peroxidase activity was recorded in germinated 

pearl millet, finger millet mid foxtail millet. Whereas, in case of little millet mid kodo 

millet, the peroxidase level was found to be high during sowing period. The enzymic 

antioxidmit superoxide dismutase level was significantly increased for soaking treatment 

in pearl millet, finger millet and foxtail millet. Significantly high superoxide dismutase 

level was observed in germinated grains of little millet and kodo millet. 

The nonenzymic mitioxidants analyzed in the study were ascorbic acid, total 

phenolics and flavonoids. Malleshi and Deshikachar (1986b) repoted germination of 

finger, pearl and foxtail millets resulted in increase in the levels of ascorbic acid, lysine 

and tryptophan. The results from this work were in accordance with the above said data 

i.e. the ascorbic acid levels significantly increases at p<0.05 in all the five millets tested 

in the present study. Phenolics me one major class of phytonutrients that have been 

widely studied, thus they me well known antioxidants compounds that work in multiple 

ways to prevent disease (Ismail et al., 2010). 

Total phenolic content of different treatments vmied significantly (p<0.05) mnong 

the millets except finger millet. Total quantified phenolic content in all the treatments of 

finger millet in the present investigation was not comparable to each other and control at 

p<0.05 significmit level. Different processing treatments brought about relevmit changes 

in the composition and content of certain phenolic acids and flavonoids in processed 

millets. In general, germinated millets showed highest phenolic content as well as 

superior antioxidmit mid enzyme inhibitory activities (Pradeep mid Sreerama, 2015). Our 

data regarding the effect of germination on the total phenolics of pearl, little, foxtail and 

kodo millet, agreed with it. Flavonoid content showed no marked differences after 

treatments in little millet, foxtail millet and kodo millet. Chandrasekara and Shahidi 

(2011) reported that the content and distribution of phenolics vmied among grain 

fractions and genotypes. 
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The results of the study revealed that there were differences ^nong these five 

millets with respect to the soaking and germination. In general, germination has been 

shown to improve the nutritive value of studied millets, so more changes to 

macronutrients, as measured during proximate analysis. Germination of cereal grains may 

result in some biochemical modifications and could be used to produce nutritionally 

improved quality food products. 

In conclusion, the statistical analysis of these emerging data and results clearly 

supported the rejection of null hypothesis and the acceptance of the alternative 

hypothesis, stating that variation in sowing and germination time influence the level of 

some important biochemical composition and antioxidant in the five selected millets. 
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