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C. rotundus is a perennial plant native to Africa, central Europe and South Asia. There 

is a controversy regarding its origin in India though a broad sector of taxonomists 

believes its origin in all tropics and sub-tropics. It is considered as a deadly weed with a 

pernicious property of water retention from soil. Its invasion is recorded in more than 90 

countries with harmful impacts on 52 different economically important crops. (Holm et 

al., 1977). It is a curse for farmers due to its immense invasions and water fetching 

capacity by its underground tubers, presenting a threat of drought for the neighbouring 

agricultural crops thus reducing productivity. Reverse technology to reinstate their 

growth at adverse ambience was a disaster as it was subsequently impossible to 

eradicate once it is spread (USDA-NRCS, 2014). It is erect and rhizomatous terminated 

by spherical and elongated tubers. Leaves are linear with blunt tangent ends like 

triangle. It has terminal inflorescence, bisexual with leafy bracts and usually reddish to 

purplish in colour. Spikelet is compressed and linear and supported by 2-3 unequal rays 

with rosette of leaves arising out the sheets (Fig. 58). Underground tubers attach the 

shoots and spread eventually [Wikipedia].  

 

 

 

 

 

 

 

7.1 TAXONOMY 

Inflorescence of Cyperus rotundus L. Fig. 58 
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The plants were seen to be grown at the edge of the wetland water bodies. The 

inflorescence of the plants was collected (approx 8Kg Fresh weight) without uprooting 

the whole plant. The fresh spikelet including both the florets and the glumes were 

isolated from the plant sample and sterilized in 5% Sodium hypochlorite for 15 minutes 

and rewashed with ddH2O before further laboratory use. The blot dried samples were 

shade dried, powdered and processed for defatting. The defatted extract was dissolved 

in water and extracted with other organic solvents of low polarity to obtain a clear 

segregation of organic and inorganic fractions. The methanol fraction was made 

moisture free using anhydrous sodium sulphate as desiccant following which the 

fraction was concentrated and column run in basic alumina by the below tabulated 

solvent system. The F6 fraction was considered for further work which was repeatedly 

run through column with ascending methanol ratio. 

Soxhlet extraction by Petroleum Ether (CrP) (non-polar), Chloroform(CrCh) 

and Methanol (CrM) (polar) for 18hrs with 3 refluxes/hr in average. 

 

Extract was filtered by vacuum filtration using vacuum pump with sintered 

disc funnel fitted in 250ml conical to retain unmixed particles and 

concentrated. 

 

                                                   Biochemical Analysis 

Bioactivity 

7.2 MATERIALS AND METHODS 

7.2.1 Extraction and isolation of bioactive compounds 
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Methanol fraction subjected to Column Chromatography using Aluminium 

Oxide active, neutral I-II by the Solvent System as shown below 

 

 

 

 

 

 

 

 

 

 

 

Thin Layer Chromatography using Silica Gel G  

 

 

 

 

 

 

 

 

    In-Vivo Bioassay 

Gas Chromatography Mass Spectroscopy (GC-MS) 

Fractions Solvent System Ratio 

Fraction 1 (F1) H:EtOAc 8:2 

Fraction 2 (F2) H:EtOAc 7:3 

Fraction 3 (F3) CH3Cl 10 

Fraction 4 (F4) CH3Cl:EtOAc 7:3 

Fraction 5 (F5) CH3Cl:MeOH 9:1 

*Fraction 6 (F6) CH3Cl:MeOH 5:5 

TLC showing 1D (A) and 2D (B) chromatogram of CrM 

fractions. 

Fig. 59 
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Total Phenol Content and antioxidant assay by DPPH and ABTS was performed. 

 

Folin-Ciocalteu method was used for the quantification of phenol in the three different 

polarity fractions of the inflorescence extract. 0.1ml of test sample was added to Folin-

Ciocalteu reagent with sodium carbonate. The concentration range from 0.05mg/ml to 

0.3mg/ml was test using Gallic acid as the standard phenol. After incubation for 30 

mins, the absorbance at 765nm was noted and the results expressed as Gallic acid 

equivalents (GAE)/ gram of the test sample. 

 

 

 

The radical scavenging test was done using commercially available free radical 2, 2-

diphenyl-1-picrylhydrazyl (DPPH). The DPPH solution was freshly prepared in ethanol 

at 0.1mM. 0.1 ml of plant sample dissolved in ethanol at concentration ranges 

0.05mg/ml - 0.3 mg/ml was added to 3.9ml of the free radical solution and the 

absorbance read at 517 nm. Butylated Hydroxy Toluene (BHT) is a commercially 

available antioxidant and used as a standard. A trial with ascorbic acid as a standard was 

also applied but BHT showed a reliable reading and could be used in the same 

concentrations as those for the samples. The test sample scavenging potential and the 

IC50 are stated by the following equations: 

DPPH radical scavenging (%) = {Ablank – Atest samples /Ablank} × 100 

IC50 = {% Inhibition of the free radical/Concentration of the sample} × 50 

7.2.2 BIOCHEMICAL TEST 

7.2.2 (A) Total Phenol Content 

7.2.2 (B) Antioxidant activity: 

(i) DPPH method: 



CHAPTER 7                                            Aquaculture Practices - Cyperus rotundus L. 

 

Ph.D. Thesis: Nabanita Chakraborty Page 154 
 

 

 

ABTS [2, 2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)] is a commercially 

available free radical which can access the antioxidant activity of compounds of 

versatile polarity and chemical nature and at wide range of pH. The method described 

by Re et al. (1999) is used for the analysis.7mM ABTS solution was mixed with 2.4mM 

of potassium per sulphate in equal quantities. The mixture was allowed to incubate for 

12hrs at room temperature. Following incubation the mixture was diluted with 60ml 

methanol/ml of ABTS. The plant extracts at concentrations 0.05mg/ml to 0.03mg/ml in 

different aliquots was tested with 0.1ml of the sample added with 3 ml of the ABTS 

solution. The absorbance reading was recorded after 7mins at 734nm. Butylated 

Hydroxy Toluene (BHT) was used as the standard and the scavenging capacity of the 

extract and the IC50 are stated by the following equation: 

DPPH radical scavenging (%) = {Acontrol – Atest samples /Acontrol} × 100; 

IC50 = {% Inhibition of the free radical/Concentration of the sample} × 50 

 

 

 

Well diffusion assay was applied to test the antimicrobial activity with the three 

fractions of the inflorescence extract (CrP, CrCh and CrM) of C.rotundus using tryptic 

soya agar plates. The plant samples at concentration range 1mg/ml to 0.01mg/ml were 

assayed for eight different fish pathogens viz; Aeromonas hydrophila (MK6) b. A. 

veronii (MK4) c. A. popoffi (MEE2) d. Pseudomonas putida (BGBG3) e. Edwardsiella 

tarda (CGH9) f. Citrobacter freundii (M7) g. Bacillus safensis (MOH1), and 

(ii) ABTS method: 

7.2.3 IN-VITRO BIOLOGICAL ACTIVITY 

7.2.3 (A) Antibacterial Screening 



CHAPTER 7                                            Aquaculture Practices - Cyperus rotundus L. 

 

Ph.D. Thesis: Nabanita Chakraborty Page 155 
 

Streptococcus agalactiae (TBT1). The culture media and glassware were sterilized at 

121°C for 20 min. The annular radii of the zone of inhibition was noted and graphed. 

 

The plant extract was diluted for five ratios from 10000 ppm – 1 ppm with ethyl acetate 

as control. Brine shrimp (Artemia salina) eggs were obtained from Department of 

Mathematical biology, Jadavpur University, Kolkata, West Bengal. The eggs were 

reared in artificial seawater prepared by 35% - 38% of sea salt with a partition for dark 

(covered) and light effects for a period of two days. Once hatched the nauplii were 

attracted towards light.10 shrimps were added in each of the dilutions. After 24hrs the 

mortality of the shrimps were recorded in each dilutions. The fractions were assayed on 

the nauplii at exposure time of 1h, 6h, 12h, 18h and 24h using brine as the control and 

the organic solvent as the opposite. 

 

 

The anti-algal activity was initiated after microscopic colony identification at two 

different experimental design each with four concentration ranges from 0.05mg/ml – 

0.5mg/ml of the plant extract for treatment set and a control set under suitable algal 

growth parameters of 90 μmol m−2 s−1 of photons (light : dark = 14hrs:10 hrs) at 25°C 

for 96 hrs.Each treatment set in triplicate consisted of 3 ml of algal inoculums, 142 ml 

of BG11 culture medium and 2ml of methanol fraction [F6/CrM] of inflorescence of C. 

rotundus. The instance of adding the plant extract defined the experimental designs with 

the first being preventive (CmP) where it was added at 0hrs prior to algal inoculums and 

the latter, therapeutics (CmT), added after visible algal growth (approx. 48hrs). The 

exact measure of plant extract in the control set was substituted with distilled water. The 

anti-algal activity for each experimental design was estimated by their total and 

7.2.3 (B) Cytotoxicity test – Brine shrimp Lethality Test 

7.2.3 (C) Anti-algal activity 
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segregated (Chl-a, Chl-b & Chl-c) chlorophyll content as per the protocol in APHA 

with negligible alterations. Post 96hrs, the algal cultures were filtered through solvent 

washed 47mm glass fibre filter (Whatman GF/C or Gelman AE) with Gelman 

polycarbonate filtration with vacuum <8 PSI and refrigerated in 10ml acetone. 

Premature phaeophytinization was prevented by addition of saturated MgCO3 buffer 

solution prior to the filtration. The samples were tethered with a manual homogenizer 

and centrifuged at 2000rpm for 20mins. The supernatants containing the pigments were 

measured photometrically at 664 nm, 647 nm and at 630 nm. The turbidity correction 

was done at 750 nm. The standard equations for the calculation of Chlorophyll a, b and 

c are as follows: 

 Ca = 11.85*(Abs 664) – 1.54*(Abs647)-0.08*(Abs 630) 

 Cb = 21.03*(Abs 647) – 5.43*(Abs664)-2.66*(Abs 630) 

 Cc = 24.52*(Abs 630) – 7.60*(Abs647)-1.67*(Abs 664) 

Ca, Cb and Cc are concentrations of Chlorophyll a, Chlorophyll b and Chlorophyll c 

respectively, mg/L, and Abs at 664,647 and 630 is the corrected optical density at 

respective wavelength with light path of 1cm. 

                                       Ca/Cb/Cc  * extract volume (L)  

 

 

The duckweed assay was performed by root cuttings of Spirodela polyrhiza. The plant 

samples were collected from Cantonment pond, Barrackpore, Kolkata and cultured in 

laboratory using Steinberg medium. The roots of the laboratory grown S. polyrhiza were 

cut completely from the thallus and three fronds are left in each treatment applied in 

20ml quantity in four different concentrations 1000ppm -10ppm including positive 

Volume of the sample (m3) 
  Chl- (a/b/c), mg/m3 = 

7.2.3 (D) Duckweed Assay 
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control C+ as Double distilled water and negative control as methanol. The scissors 

used for the purpose and all the necessary glassware were sterilized at 1210C for 15 

minutes. 

Pangasianodon hypophthalmus (Sauvage, 1878) is an extensively cultured fish species 

in aquaculture and are great economic resources to nation and diseases caused to this 

fish causes hefty loss to fish farmers. Hence this fish was taken for this research. 

 

 

Kingdom Animalia 

Phylum Chordata 

Class Actinopterygii 

Order Siluriformes 

Family Pangasiidae 

Genus Pangasianodon 

Species P.hypophthalmus 

 

 

The fish is a native to Chao Phraya and Mekong of Thailand (Asia) and exotic to India. 

Posterior nostril located near anterior nostril, barbells very small or even absent & 9 

pelvic-fin rays. It has a synonym of Pangasius sutchi. It is distinguished from similar 

species by the number of Pelvic-Fin rays which is 8-9 in number. It has 6 branched 

dorsal fin rays & two black stripes along and below lateral line respectively. 

Omnivorous and feeds on fish and crustaceans as well as on vegetable debris It is of 

non-aggressive behaviour and extensively cultured in cage cultures (FAO Species 

Identification field guide; Mekong River Commission). 

 

Biological Classification: 

Taxonomical features: 
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The juvenile Pangasius fish used for experiment were maintained of almost uniform 

length of 4inch to 5inch with body weight of average 7±0.8gms. Glass aquariums 

3ftx2ftx2ft were used holding around 25lts of water with 10 fish each. The feed was 

usually given at 3% of body weight of granular size of 0.8 mm with 41% protein 

content. The fish were challenged with 10µl/gm of body weight with 0.5 McFarland 

equivalent bacterial suspension of Aeromonas veronii corresponding to approx cell 

density of 1-1.5x108 CFU/ml. The 0.5 McFarland standard was prepared by mixing 

0.05ml of 1% barium chloride with 9.95ml of 1% sulphuric acid, but as commercially 

available sulphuric acid are usually 98% stock hence 1% was enhanced to 1.2%. Four 

different experimental groups were maintained viz; a control group with normal feed 

{KP (+)} and without being challenged, a pre feeding group which was fed with a feed 

mixed with the compound at 80mg/kg of feed seven days prior to challenge (PF-I), a 

third group was included which was feed with the same mixture but after the challenge 

post infection symptoms (PI-F) and finally a negative control {KP (-)} which was 

challenged and maintained with normal feed.  

 

After 96hrs of challenge, the fish were anesthetized with clove oil 50µl/l and blood 

sample was collected in 20µl heparin contained vials via caudal vein by BD insulin 

syringe. RBC and WBC diluting fluid was used to measure the Haemoglobin (Hb), 

White Blood Cells (WBC) and the Red blood Cells (RBC), and were measured by  a 

haemocytometer Neubauer chamber under the light microscope blood. The Hb was 

measured using a plane haemometer by mixing the blood with 0.1N HCL solution and 

Experimental set up: 

Haematology: 



CHAPTER 7                                            Aquaculture Practices - Cyperus rotundus L. 

 

Ph.D. Thesis: Nabanita Chakraborty Page 159 
 

diluting it until the colour matches exactly with the comparator tube provided as the 

sides of the haemometer.  

 

The histopathological observations were done on sections of fish liver and kidney 

tissues of the experimental fish population. Fish samples were excised after applying 

clove oil as anaesthetic agent at 2ml/5ml of water in the tank. As the fish had to be 

sacrificed, the blood was collected by tail ablation. The liver and kidney samples were 

collected in 10% neutral buffer formalin (NBF) for 24hr. Following this, tissues were 

excised and dehydrated in ascending alcohol series from starting from 50% for 5  times 

each for an hour followed by xylene for 15mins, xylene-paraffin 50% for 30mins, 

paraffin for 3hrs with three changes per hour and finally inserted in paraffin block. 

Microtome sectioning with size selection at 5 mm – 8mm was done. The staining 

protocol was done by downgrade and upgrades varying percentage of alcohol and 

finally stained with haematoxylin-eosin (HE). At least five continuous paraffin sections 

were obtained from each block and dispensed in hot water to relieve stretches and 

collected in albumin rubbed slides. The slides were observed under compound 

microscope after mounting with DPX. The presence of histopathological alterations for 

the two organs was evaluated for any changes caused due to infection. 

 

The Gas Chromatography Mass spectrometry was outsourced from Krish Biotech 

(OECD GLP Certified Facility), Nadia, West Bengal. The GC-MS/MS with ID No 

KBR/CHM/GLP-92 of Agilent Technology was used for the analysis. Acetonitrile was 

used as the solvent. Samples were diluted in 2mlof the solvent followed by sonication 

for 20mins and vortex for 2mins. 1ml of the supernatant was filtered through 0.22µm 

Histopathology: 

7.2.5 STRUCTURAL IDENTIFICATION – GC-MS 
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syringe filter. Each sample diluted 100times with the solvent and transferred to HPLC 

glass vial for the GCMS analysis. The references for the analysis was from NIST 

standard reference database 1A. 

GC – Parameters: 

Column HP-5 Capillary Column 

Carrier Gas Flow He, 1.2ml/min 

Injection Volume 2µl 

Injection Mode Spilt Mode; 2:1 
Source Temperature 230°C 

Electron Energy 70eV 
Detector Mass Spectrometry 

 

 

The interpretation of the biological activity of plant extracts and the purified compounds 

isolated from them needs to be summarised quantitatively in order to draw conclusive 

equations for any random variables.  

The antioxidant assay model summary tabulates the Pearson’s r correlation value for 

linearly correlated data and Spearman’s Rho for non parametric data. The hypothesis 

examines the relationship graph of the percent scavenging/inhibiting activity of the free 

radicals in plant fraction with positive control through defined concentration from 

0.05µg/ml to 1µg/ml. The R2 value also known as shrunken R2 is used as the unbiased 

estimator of the population. Its perceived utility is across varies research areas and time. 

Shapiro-Wilk significance test displayed by stem loop model predicts us the normal 

distribution of the data over a target variable. Kolmogorov-Smirnov Test (KS Test) 

assesses the circumstantial difference of data collection and their impact in outcome, 

mostly relevant in experiments with control set. Probit chi-square, Z-statistics and F- 

7.3 STATISTICAL ANALYSIS 
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value finds the goodness fit model and difference of means of the variables under 

consideration. 

 

 

 

The results are expressed in GAE/g of the sample (Fig. 60) using standard Gallic acid. 

The CrM fraction of the inflorescence was seen to have the highest phenol content 

followed by chloroform and Petroleum ether fraction. Phenol content represents as a 

concentration dependent parameter with highest readings at 0.3 mg/ml and lowest at 

0.05 mg/ml. The coefficient of determination denoted as R2= 0.982 showed the curve fit 

cubic model with equation y = 0.197x2+1.910x-2.941. 

 

 

 

 

 

7.4 RESULTS 

7.4.1 BIOCHEMICAL ASSAY 

7.4.1 (A) Total Phenol Content (TPC): 

CrM, CrCh & CrP fraction of the inflorescence of 

C.rotandus. 

 

Fig. 60 
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The antioxidant activity of the inflorescence extract followed similar graphical pattern 

as that of the phenols. The methanol fraction showed 98% scavenging activity followed 

by chloroform 94% and pet ether with less than 50% at highest concentrations. The 

collinear pattern of data representation of antioxidants and phenols in methanol fraction 

presumes that the phenols are the active scavengers of free radical. (Fig. 61). In all the 

cases, methanol was used as the blank taking in consideration the fact that DPPH was 

dissolved in methanol. The best fit curve estimation for methanol and chloroform 

followed a power equation y = 5E-9x4.264 and y = 3E-12x6.006 respectively and for pet 

ether fraction it followed an exponential equation y = 0.027e0.030x.The IC50 was in the 

order of Methanol (CrM) < Chloroform (CrCh) <Pet ether (CrP) (Table 6). Hence CrM 

fraction was biochemically bioactive fraction of the inflorescence of C.rotundus. 

 

 

 

7.4.1 (B) Antioxidant Radical Scavenging Assay 

(i) DPPH method 

Antioxidant activity of CrP, CrCh and CrM fractions of 

the inflorescence of C.rotandus using DPPH. 

 

Fig. 61 
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The relationship graph for % scavenging distributed through a range a concentration is 

statistically evaluated by IBM SPSS 20 which is detailed under Statistical analysis 

section.  

 

 

 

 

 

 

 

The results in ABTS methods shows Cyperus inflorescence methanol fraction (Fig. 62) 

to possess the highest antioxidant with IC50 0.197µg/ml, followed by Chloroform with 

IC50 at 0.228µg/ml. The petroleum ether fraction had the least and weakest antioxidant 

activity at IC50 70.8µg/ml. For reference, the standard BHT had an IC50 at 

0.0017µg/ml. Except for the non-polar fraction; the results have uniformity with that of 

the DPPH assay. 

 

 

 

 

 

 

 

Parameters Pet Ether Chloroform Methanol 
Curve Fit 

Model 
Exponential Power Power 

Equation y = 0.027e0.030x 
y = 3E-12x6.006 

 
y = 5E-9x4.264 

IC50 0.121mg/ml 
0.0479mg/ml 

 
0.0878mg/ml 

Antioxidant activity with IC50 value of CrP, CrCh & CrM of 

C. rotundus 

 

Table 6: 

(ii) ABTS Method: 

Antioxidant activity of CrP, CrCh and CrM Fraction of the 

inflorescence of C.rotandus using ABTS. 

 

Fig. 62: 
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The steady zone of inhibition was recorded for C.freundii for the entire three fractions 

with highest being 20mm of CrCh followed by CrM. CrCh (Fig. 63, 65) and CrP (Fig. 

63, 66) showed a standard inhibition against B.safensis at 500ppm and 1000ppm but 

results were nullified for methanol. A.hydrophila and A. Popoffi were inhibited by 

100ppm to 1000ppm of methanol extract. CrM exhibited an inhibition zone against 

E.tarda of 14mm at 500ppm which increased to 17mm at 1000ppm (Fig. 63, 64). The 

dose response curve is non linear cubic in nature following the polynomial equation. 

The bacterial species taken for microbial activity with their codes are Aeromonas 

hydrophila (MK6); A. veronii (MK4); A. popoffi (MEE2); Pseudomonas putida 

(BGBG3); Edwardsiella tarda (CGH9); Citrobacter freundii (M7) ; Bacillus safensis 

(MOH1) and Staphylococcus aureus (TBT1). The concentrations of the inflorescence 

extract are denoted by 100ppm (T1), 250ppm (T2), 500ppm (T3) and 1000ppm (T4). 

 

 

 

 

 

 

 

 

 

 

7.4.2 IN-VITRO BIOLOGICAL ASSAY 

7.4.2 (A) Antibacterial activity 

Graphical representation of the zone of inhibitions against fish 

bacteria by CrP, CrCh and CrM of C. rotandus. 
Fig 63: 
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Row1 

 

Aeromonas. popoffi (MEE2), A. hydrophila (MK6), 

Edwardsiella tarda (CGH9) 

Row2 Citrobacter freundii (M7), Pseudomonas putida (BGBG3), 

Bacillus safensis (MOH1) 

Row3 A. veronii (MK4) 

The antimicrobial assay of methanol fraction (CrM) of C. 

rotandus against seven fish pathogenic bacteria 

 

Fig 64: 
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Row1 

 

Aeromonas. popoffi (MEE2), Pseudomonas putida 

(BGBG3), Bacillus safensis (MOH1) 

Row2 A. hydrophila (MK6), A. veronii (MK4), Streptococcus 

aureus (TBT1) 

Row3 Citrobacter freundii (M7), K.pneumonia (CNMC) 

The antimicrobial assay of Chloroform fraction (CrCh) 

of C. rotandus against seven fish pathogenic bacteria 

 

Fig 65: 
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Row1 

 

Pseudomonas putida (BGBG3), Bacillus safensis (MOH1), 
Citrobacter freundii (M7) 

Row2 Streptococcus aureus (TBT1), A. hydrophila (MK6), A. 
veronii (MK4) 

Row3 Edwardsiella tarda (CGH9) 

The antimicrobial assay of Petroleum Ether fraction 

(CrP) of C. rotandus against seven fish pathogenic 

bacteria

 

Fig 66: 
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In case of C.rotandus, Pet Ether Fraction and methanol fraction with exposure time 1hr 

are found to be most toxic with LC25, LC50 and LC75 values at proximity (Fig. 67).  

Methanol fraction with 24hrs exposure time (M24) is found to be least toxic however 

chloroform and methanol fraction can be inferred to be gradually ineffective after 18hrs 

exposure time. 6h, 12h, 18h and 24h-LC50 test of Chloroform and Methanol is stated 

below. The petroleum ether fraction recorded the highest LC50 at 14195 µg/ml at 1h 

exposure which explains the non polar fraction could not pervade the nauplii initially 

and at 24 hrs exposure it records at 36.03 µg/ml. The most toxic was methanol 24hrs 

exposure with median lethality at 21.04 µg/ml. 

 

 

 

7.4.2 (B) Cytotoxicity assay - Brine Shrimp Lethality Test 

Graphical representation of LC25, LC50 and LC75 

against log of concentration for C.rotandus  at 1hr, 6hrs, 

12hrs, 18hrs and 24hrs exposure time. 

 

 

Fig 67: 
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The anti-algal activity by chlorophyll assessment displays a similar result like 

Vallisneria leaf extracts (Fig. 19, 20). The phenomenon of prophylaxis was not found to 

be as effective as lethality. The control sample with 0µg/ml of extract has the highest 

chlorophyll content of 0.727 mg/m3. The chlorophyll content was inversely related to 

concentration gradient (Fig. 68). 

 

 

 

 

 

 

 

 

 

 

The pigment quantification in the experimental sets infers that the chlorophyll content is 

inversely related to concentration gradient of the plant extract. The maximum 

chlorophyll content of 0.738 mg/m3 was recorded for control with 0 mg/ml plant extract 

and the lowest at 0.081mg/m3 and 0.2mg/m3 in CmP and CmT respectively for 

0.5mg/ml plant extract. Chl-a, Chl-b and Chl-c was found to be more in CmT with 60%, 

7% and 5% respectively in comparison to 24%, 3% and 1% respectively in CmP (Fig. 

69). 

7.4.2 (C) Antialgal assay 

Anti-algal activity of CrM of Cyperus  inflorescence extract. Fig 68: 
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The roots started growing after 6hrs of treatment with methanol fraction. The fraction 

seems to contain a root stimulatory factor with highest growth recorded at 1000ppm for 

6hrs and 24hrs of 0.5 cm and 0.83cm respectively. The 50ppm concentration also 

proved to be noteworthy with 0.25cm and 0.85cm root growth which was higher than 

100ppm & 500ppm with 0.60cm and 0.72cm respectively. The thallus toxicity of the 

treatments were noted which lost its chlorophyll within 2.35 hrs of application (Fig. 70)  

 

 

 

 

A pie chart representation of the distribution of Chlorophyll 

a, b & c for Ct and Cp against Microcystis aeruginosa. 

 

Fig 69: 

7.4.2 (D) Duckweed Bioassay 
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The fish samples were examined after 96hrs (Fig. 71).The tank KP(+) showed the 

uninfected fresh fish (A), Infected fish samples were collected from KP(-) with reddish 

lesions near the gills, fins and tail rot (D), the PI-F tank though was fed with prepared 

feed for 3days but it showed acute signs of infection with reddish patches all over the 

body (B) and finally the tank PF-I showed normal signs with no visible traits of 

infection (C). 

Clockwise, Root cutting of S.polyrhiza under sterile condition; 

Graphical representation of the regenerated root length at 

five different concentrations of CrM of C.rotandus; S. 

polyrhiza bioassay and Laboratory grown S. polyrhiza. 

 

 

Fig 70: 

 

 

7.4.3 IN-VIVO FISH BIOASSAY 

Fish sample analysis: 
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Treatment Sets Total 
No 

Mortality Recovery 
Percentage 

KP (+) 10 0 100 

PF-I 10 2 80 

PI-F 10 7 30 

KP (-) 10 10 0 

A: Fish sample from KP (+); B: Fish sample from PI-F 

C: Fish sample from PF-I & D: Fish sample from KP (-) 

Fig 71: 

 

Mortality Chart: 



CHAPTER 7                                            Aquaculture Practices - Cyperus rotundus L. 

 

Ph.D. Thesis: Nabanita Chakraborty Page 173 
 

 

 

 

 

 

 

 

 

The Normal Liver section (Fig. 72A) is seen with prominent and intact portal triad, bile 

duct & inter-lobular septum. The main alterations found in the liver are in PI-F (Fig. 

72B) where loss of contact between the hepatocyte & pancerocyte, irregular shaped 

nucleus. In case of PF-I (Fig. 72C) there is not much irregularity seen other than 

excessive cytoplasmic vacuolation and in infected liver section (Fig. 72D) there are 

accumulation of melano-macrophage aggregation close to vessels, bile stagnation and 

nuclear degeneration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters Fresh Fish PF-I PI-F Infected fish 
White Blood 
cells (x103 µl) 

5.34±0.2 6.58±1.6 7.04±1.5 7.53±0.5 

Red Blood 
Cells (x106 µl) 

1.89±0.04 2.15±0.8 1.14±0.4 1.22±0.03 

Haemoglobin 
(g/dL) 

7.58±0.5 8.10±0.5 5.84±0.3 5.53±0.4 

Haematological parameters: 

Histopathology: 

Liver 

Sections of P.hypophthalmus liver (40X) from four experimental sets. A: 

Normal Liver; B: PI-F liver; C: PF-I liver & D: Infected Liver Fig 72: 
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The Normal Kidney section (Fig. 73A) is seen with prominent Glomerulus in the 

Bowman’s capsule space hematopoietic cells, proximal tubules. The main alterations 

found in the kidney are in PI-F (Fig. 73B) where there is absence of Bowman’s space 

and deformed distal tubules. In case of PF-I (Fig. 73C) there is intact Glomerulus in the 

Bowman’s capsule but there are accumulation of melano-macrophages (Fig. 73 D1 & 

D2) there are extensive melano-macrophage aggregation close to tubules and the 

tubules are highly dilated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kidney 

Section of P.hypophthalmus kidney (40X) from four 

experimental sets. A: Normal Kidney; B: PI-F Kidney; C: 

PF-I Kidney & D1, D2: Infected Kidney 

 

Fig 73: 
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The following peaks are identified as important constituent of the bioactive fractions 

CrP & CrM isolated from the inflorescence of the Cyperus rotundus. 

 

 

The Chromatogram and the Mass spectra of the important above mentioned peaks are 

given in the following pages: 

 

 

 

 

 

 

 

 

 

Peaks: +Total Ion Chromatogram Scan – CrP 

Peaks 
RT 

(mins) 
MF RMF 

Area
% 

MW 
Chemical 
formula 

Chemical 
Name 

 

9 23.988 871 880 43.24 270 C17H34O2 
Hexadecanoic 
Acid 

12 26.401 732 734 5.53 248 C14H16O4 Mycorradicin 

13 28.193 858 870 100 294 C19H34O2 
Methyl 
linoleate 

14 28.929 844 848 10.25 298 C19H38O2 
Methyl 
Stearate 

16 33.239 687 747 5.12 326 C21H42O2 
Eicosanoic 
Acid, methyl 
ester 

18 39.31 611 663 0.28 296 C10H28O4 Slicic Acid 

7.4.4 STRUCTURAL IDENTIFICATION – GCMS 
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The Chromatogram and the Mass spectra of the important above mentioned peaks are 

given in the following pages: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Peaks: +Total Ion Chromatogram Scan – CrM 

Peaks 
RT 

(mins) 
MF RMF 

Area
% 

MW 
Chemical 
formula 

Chemical Name 
 

13 24.75 747 772 22.75 248 C14H16O4 Mycorradicin 

14 25.038 729 878 14.43 362 C22H34O4 Annosquamosin A 

17 26.409 408 591 29.77 248 C14H16O4 Mycorradicin 

20 29.135 519 693 23.4 264 C18H16O2 Cinnamylcinnamate 
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The Spearman’s Rho correlation for non parametric data of the antioxidant analysis 

shows a significant correlation p<0.05 in radical scavenging activity for the CrCh and 

CrM fraction for the test sample and the commercial antioxidant. The chloroform and 

methanol fraction of C. rotandus inflorescence extract followed power equation as the 

best fit curve estimation with R2 = 0.993 for CrM followed by CrChl and CrP. The 

Standard Error of the Estimate is the deviation of the residuals, all at 95% confidence 

level. In principal increase in R² with decreasing SEE signifies less deviation from 

original data interpretation. As recorded the least SEE was for C. rotandus CrCh 

fraction of the inflorescence (3.4%).The SEE also decreased in CrM and was highest in 

CrP. Hence the data for CrM are the most relevant representative of the outcome 

followed by CrCh and least for CrP. The F value is found to be significant p<0.05 in all 

the three fractions, thus variance between the mean of two variables (% inhibition of 

sample and BHT) is significant concerning differential concentration (Fig. 74). 

 

 

 

 

 

Fraction: CrP 

 Model: 

Exponential 

 Eq.: y = 

0.027e0.030x 

 F (3, 4) = 

104.1, p<0.05 

 IC50:0.121µg/

ml 

7.5 STATISTICAL ANALYSIS 
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Fraction: CrCh 

 Model: Power 

 Eq.: y = 3E-12x6.006  

 F (1, 6) = 129.4, p<0.05 

 IC50:0.0479µg/ml 
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Fraction: CrM 

 Model: Power 

 Eq.: y = 5E-9x4.264 

 F (3, 4) = 203, p<0.05 

 IC50:0.0878µg/ml 

Model summary and IC50 value of antioxidant activity of 

CrP, CrCh and CrM fraction of Inflorescence of 

C.rotandus. 

 

Fig 74: 



CHAPTER 7                                            Aquaculture Practices - Cyperus rotundus L. 

 

Ph.D. Thesis: Nabanita Chakraborty Page 194 
 

The statistical analysis of the inflorescence extract of C. rotundus on brine shrimp 

lethality assay are given by the the stem and leaf model Shapiro-Wilk significance test 

with 6hrs time interval had p>0.05 by probit analysis. Hence CrM 12hr exposure is 

expressed as logit values (Fig. 77). In all the cases the p value for chi sqaure test is p≤ 

0.15; hence a heterogeneity factor is calculated. The orders of median lethal 

concentration was highest for CrP (Fig. 75) fraction exposed for 1hour and lowest for 

methanol fraction exposed for 24hrs.Methanol fraction was found to be toxic compared 

to CrCh (Fig. 76) and pet ether  

Petroleum Ether 
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Test of normality (Shapiro Wilk) and Kolmogorov-

Smirnov Test and Probit and logit analysis of CrP 

fraction of C. rotandus on brine shrimp lethality at 1hr, 

6hrs, 12hrs, 18hrs and 24hrs interval. 

 

 

Fig 75: 
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Chloroform: 
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Test of normality (Shapiro Wilk) and Kolmogorov-

Smirnov Test and Probit and logit analysis of CrCh 

fraction of C. rotandus on brine shrimp lethality at 

1hr, 6hrs, 12hrs, 18hrs and 24hrs interval. 

 

 

Fig 76: 
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Methanol: 
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Cyperus rotandus is a sedge which gas always been a hindrance to agriculture. With its 

immensely tolerant seeds, it pervades deep in the layers of soil after sprouting and 

germinates, diminishing or lowering the water table available for other neighbouring. It 

has strong erect roots which protects it from most adverse climatic conditions. In spite 

of all the reasons for its eradication, an attempt has been made to explain its existence in 

an aquatic habitat. The methanol fraction of the inflorescence of C. rotandus (CrM) was 

found to have a strong antioxidant activity with IC50 <150ug/ml. Added to the 

advantage that methanol is a polar fraction and is easily miscible with water; the 

toxicity of methanol can be easily avoided. The antibacterial activity of the 

inflorescence is remarkable in terms of inhibition zone displaying diameter of almost< 

Test of normality (Shapiro Wilk) and Kolmogorov-

Smirnov Test and Probit and logit analysis of CrM fraction 

of C. rotandus on brine shrimp lethality at 1hr, 6 hrs, 12 

hrs, 18 hrs and 24 hrs interval. 

 

Fig 77: 

 

7.6 DISCUSSION 
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14mm in most cases at 0.1 – 0.5µg/ml. The anti-algal and antimicrobial trait could be 

utilized as a natural disinfectant may be utilized by sprouting of the seeds in the nearby 

water bodies or applied as chemoprophylaxis. The low toxicity and high antioxidant 

content of the methanol fraction of Cyperus favours its chances of being beneficial to 

fish health. The fact that it stimulates growth of regenerated roots at its higher doses 

could be preliminary used as sources to bio-fertilizers. The major constituents of CrM 

fraction is mycorradicin, a carotenoid cleavage product known for its phytoalexin 

antifungal activity (Carmen, 2007). Annosquamosin A and cinnamylcinnamate are 

diterpenoid and cinnamic acid derivative which are well known for antibacterial, anti-

parasitic and insect anti-feedant (Jayaprakasha et al.; 2015). The anti-algal activity of 

the inflorescence of C. rotundus was found to possess a preventive property more 

effectively. The fraction potentially retarded the invasive growth of the algae after being 

inoculated in its favourable media, reducing its total chlorophyll content by 89% which 

was 13% more than most commercial algaecides added after visible algal mass. The 

algal mass was seen blemish and sediment at higher concentrations of the extract. The 

chl-a was found to be 36% more reduced in CrP which accounts for most pigmentation 

with EC50 at 0.014mg/ml. The main constituents of the fraction are Silicic acid, 

Eicosanoic acid methyl ester, Methyl Stearate, Methyl Linoleate and Mycorradicin 

(Abubakar and Majinda, 2016; Gomathi and Elango, 2015). The Silicic acid is known as a 

plant growth factor which enhances seedling growth (Neeru et al., 2016). The eicosanoic 

acid is known for its antifungal activity against Candida albicans which hosts on fish 

species; Tilapia, Zebra fish and Rainbow trout (Idowu, 2017). The methyl ester of 

linoleic acid shows strong antifungal activity against Paracoccidioides brasiliensis 

which known to cause skin infections to people who sustain their living on fishing and 

hunting (Martinez, 2015). As the fraction would be applied in an aquatic variable (Pan 
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et al., 2006) hence the evaluation of its antioxidant property would ensure safety against 

non-target toxicity. 


