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ABSTRACT

In vitro antioxidant property and antibacterial @gsof the three genders of minor millets (Echinoahtrus-galli,
Panicum miliaceum L, Panicum sumatrense) were et@adli 1G, for various extracts were determined for DPPH
scavenging, bleaching @ carotene and % inhibition of 4@, and compared with standard positive controls viz.
butylated hydroxytoluene (BHT) for DPPH, propyl lgt for B-carotene and ascorbic acid for,8, assay.
Antibacterial assay of six extracts of three spgciere evaluated against bacterial strains of Sydégtoccus
aureus (MTCC 96), Bacillus megaterium (MTCC-42&glterichia coli (MTCC 443) and Pseudomonas aerugjino
(MTCC1688). It is concluded from the results thaytpchemicals are responsible for such inhibitidnnaulti
resistance microorganisms and could be a souraewof antibacterial drugs.
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INTRODUCTION

Echinochloa crus-galli, Panicum sumatrense, andi®am miliaceunL. native to East African highland, India and
China. Echinochloa crus-galli, Panicum sumatrense, andi®amn miliaceum Lare considered richest sources of
phenolics and flavonoids, which have high biologiaetivity [1]. Many synthetic antioxidants are available but
these compounds must be used under strict reguldtie to their potential hazards [2, herefore, new interest
has been developed as purifying and characterizafg antioxidants from natural sources. The predanti
flavonoids and phenolic acids are almost exclugiyilesent in glycosylated forms iBchinochloa crus-galli,
Panicum sumatrense, and Panicum miliacej4n 5]. There have been many attempts made to determine the
contents and physiological activity of phenolic gmund inEchinochloa crus-galli, Panicum sumatrense, and
Panicum miliaceundue to the apparent relationship of phenolics inanimillet with prevention of chronic diseases
[6]. Free radicals contribute to more than one hedddisorders in humans including atherosclercairitis,
ischemia and repercussion injury of many tissueserral nervous system injury, gastritis, canced #pe-2
diabetes [7]. Due to environmental pollutants, atidn, chemicals, toxins, deep fries and spicy foad well as
physical stress, free radicals cause depletiorhefitnmune system, the change in gene expressiorindude
abnormal proteins. The oxidation process is onéhefmost important routs for producing free radical food,
drugs, and even living systems. Antioxidants argdrtant species, which possess the ability of ptitg
organisms from damage caused by free radical-irdlog@lative stress [8]. The antioxidant activitypsfenolics is
mainly due to their redox properties, which alldvern to act as reducing agents, hydrogen donomgesioxygen
guenchers and metal chelators [9]. A number off@fit antioxidants such as butylated hydroxyari$BHA) and
butylated hydroxytoluene (BHT) have been extengivalded to foodstuffs, although their use has begube
guestioned because of their toxicity, so thereissitlerable interest in preventive medicine antthénfood industry

in the development of natural antioxidants obtaifiech botanical sources, especially herbal plab@§.[

It is believed that antioxidant activity might berrelated with antibacterial activity and therefdtds interesting to

see the potential of extracted active ingredieiairst bacterial strains &taphylococcus aureudTCC 96),
Bacillus megateriuniMTCC-428, Escherichia col(MTCC 443 andPseudomonas aeruginos (MTCC1588
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The medicinal value of these plants lies in sonmenubal substances that produce a definite physidbgffect on
the human body. The most important of these bieactionstituents of plants are alkaloids, tannirnsgnplic
compounds and flavonoids [11]. Among these, flawda@re the ubiquitous group of plant secondaryabuites
demonstrating a wide range of biochemical and phaohogical effects, including anti-diabetic, antitant, anti-
inflammatory, antibacterial, antifungal [12, 13h the present study, we focused on two differepesyof assays
that are antioxidant and antibacterial using sixder extracts from three genders of minor milletsenearried out
and compared with standards [14, 15].

EXPERIMENTAL SECTION

2.1.Plant material

Seeds otchinochloa crus-galli, Panicum sumatrense, andi®am miliaceumwere collected from local marker at
Bhavnagar, Gujarat-India The collected samples \pegserved in dark and dry place at ambient tenbperavith
passive ventilation prior to extraction.

2.2. Preparations of extracts

The aerial parts oEchinochloa crus-galli, Panicum sumatrense, and iBam miliaceumwere cleaned with
deionized water, oven dried at°@Dfor 60 h and powdered in a grinder. The plantemalt (100 g) was extracted
with three different solvents 1% acidified methaniod®5% ethanolic, water (1500 mL) using Soxhlgbamatus for
48h at temperature not exceeding the boiling pofrthe respective solvents. The obtained extraete filtered
using Whatmann filter paper No.1 and concentratetbuvacuum at 4C using a rotary vacuum evaporator (Buchi
Laboratoriums, Switzerland) to dryness. The exivactalues of the extracts were calculated. Theaekibn
conditions were optimized based on different pelmgn recovery of extracts in the different experitak
conditions. The solvent was evaporated under reHywessure to give the maximum percentage yieldnfro
Eleusine coracana (L.) An aliquot of 1% acidified methanol was chromatgghed by open column
chromatography on silica gel, using chloroform: Imagtol mixtures of increasing polarity.

2.3. Chemicals and reagents

2,2-Diphenyl-1-picrylhydrazyl hydrate (DPPH), b-otene, linoleic acid, butylated hydroxyanisole (BHA
butylatedhy droxytoluene (BHT), ferrous chlorideddfolin—Ciocalteu reagent were purchased from Hdiglé ab.
Pvt. Ltd., Mumbai, India. Sodium dihydrogen orthopphate, di-sodium hydrogen orthophosphate deteydnad
sodium acetate was purchased from E-Merck India Qtder chemicals and solvents were procured frontBe-
Chem Ltd., Mumbai, India and were of analyticaldgawhile Hydrogen peroxide {(B,) was purchased from
RFCL Limited (Rankem), Mumbai, India. Referencendiad diclofenac sodium was obtained as gift sarfipia
Unique Pharmaceuticals, Ankleshwer, India. For dgalal assay we used Nutrient Agar (Himedia, g/by a
nutrient broth (Himedia, g/L) while Fungus wereassl on Potato Dextrose Agar (Himedia, g/L).

2.4 Antibacterial assay

2.4.1. Microbial stain

The studied bacterial strains inclu@®aphylococcus aureuMTCC 96), Bacillus megaterium (MTCC-428)
Escherichia coli (MTCC 443) and Pseudomonas aeruginos (MTCC1688)ere procured from IMTECH,
Chandigarh and screening were carried out at Jdimagygricultural University, JUNAGADH (India).

2.4.2 Culture Media
Bacteria were assayed on Nutrient Agar (Himedia) gihd nutrient broth (Himedia, g/L) while Fungusene
assayed on Potato Dextrose Agar (Himedia, g/L) wesal in this study.

2.4.3 Agar disc diffusion method

Echinochloa crus-gallipanicum miliaceum Land panicum sumatrensextracts (50,100 & 20Qug/mL) were
prepared in six different solvents (Water, Ethyleefate, Acetone, 95% Ethanol, Chloroform and 1%lifed
methanol). The dishes were left for 30 min at rommperature to allow the diffusion of extracts, ethiwere
incubated at 3C for 12h to 48h for bacteria [19].

Table 1 The yields of the extracts obtained from tlee different minor millets in three different solvents

Solvents Echinochloa crus-galli  Panicum miliaceum  Panicum sumatrense
1% Methanol 3.87gm +1.25 3.049 gm +0.85 3.02gm +1.13
95% Ethanol 2.45gm =1.20 1.004 gm +£1.52 1.49gm +1.03
Water 2.39gm +1.10 1.83 gm +1.05 2.315gm+ 0 86
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2.5. Extraction process
The yields of the extracts obtained per 100 g pfdant material with the different solvents areayi in Table 1.

The highest yield of the extract (44.0 g/100 g of plant material) was obtained from extractionhai®b-acidified
methanol.

2.6. Determination of total phenols and flavonoids

Total phenolic content was determined accordingdlin—ciocalteu method. The results are expressegtams of
gallic acid equivalents per 100 g of dry extradteToncentration of phenolic compounds was caledlatcording
to the following Eg. (1) obtained from the stand&allic acid (5-5Qug) curve.

Absorbance = 0.018GAE inug + 0.029 (B = 0.996) Q)

Flavonoid content in the various extracts was aeiteed by a colorimetric method. The results areresged as
grams of quercetin equivalents per 100 g of dryaext The concentration of flavonoid compounds eaisulated
according to the following Eqg. (2) obtained frone tftandard quercetin (20-106) curve [20].

Absorbance = 0.00004Quercetin inug + 0.011 (R = 0.994) (2)

2.7. DPPH radical scavenging assay

In this assay, free radical scavenging activitgmide extract was determined by measuring the biegof purple-
colored methanol solution of DPPH. The radical scaing activity was determined as described elsesvt@ne
millilitre from a 0.5 mM methanol solution of theHPH radical was mixed to 2.0 mL of different cortcations of
95% ethanol; methanol and water extract and wede@&@.0 ml of 0.1 M sodium acetate buffer (pH 5H)e
mixtures were well shaken and kept at room tempegan the dark for 30 min. The absorbance was unedsat
517 nm using a UV Spectrophotometer. BHT was useploaitive control, whereas methanol was used gative
one. The radical scavenging activity (RSA) was walied as a percentage of DPPH discoloration utiieg
equation-3.

% RSA= [(A-A9/Ag] x100 3)

Where A and A are the absorbance of the control (containingedbents, except the test compound) and test
compound respectively [21].

2.8. Reducing sugapower

The reducing power of crude extract was determinsthg the method as described previously. Different
concentrations of extracts (20 to 100 pg/mL) weigenh with 2.5 ml of 0.2 M phosphate buffer (pH 6&6)d 2.5
mL of potassium ferricyanide gke(CN}] (1%). The mixture was incubated at 50°C for 2@.miliquots (2.5 mL)

of 10% trichloroacetic acid were added to the nrixtThe above mixture was then centrifuged at 20g§6for 10
min. The upper layer of the solution (2.5 mL) waixed with 2.5 mL of distilled water and 2.5 mL o¥slferric
chloride solution. The absorbance was measure@iGanih in a UV spectrophotometer. Increased absoebahthe
reaction mixture indicated increased reducing poam compared with those of standard antioxidanABtid
BHT [22].

2.9. H,0, Assay

The ability of all seeds extracts to scavenge hyenoperoxide was determined according to the. Atisol of
hydrogen peroxide (2 mM) was prepared in phospbaféer (pH 7.4). Hydrogen peroxide concentrationswa
determined spectrophotometrically from absorptibA30 nm. Extracts samples (10 to 50 pg/mL) iniltkst water
were added to a hydrogen peroxide solution (0.6.rAbsorbance of hydrogen peroxide at 230 nm wasrdeted
after 10 min against a blank solution containinggghate buffer without hydrogen peroxide. The paage of
scavenging of hydrogen peroxide of both extractd standard compounds are calculated by using fallpw
equation 5 [23].

% Scavenged 1D, = ([Ao— Ai] A1) x100 (5)

Where A was the absorbance of the control, andwas the absorbance in the Presence of the extaacts
standards.
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2.10.B-carotene belching

Antioxidant activity was determined usifigcarotene bleaching test. 1 mL pfcarotene solution (0.2 mg/mL in
chloroform) was added to 0.02 mL of linoleic acitta.2 mL of 100% Tween 20. (shon et al , 2003) frineure
was evaporated at 40 °C for 10 min using rotaryperetor to remove chloroform. The resultant mixtwas
immediately diluted with 100 mL of distilled wat&y form emulsion. 5 mL of the emulsion was transfdrinto
different test tubes containing 0.2 mL of sample§0% ethanol at different concentrations (500,,280 and 50
pg/mL). 0.2 mL of 70% ethanol in 5mL of the abowaudsion was used as control. Standard (propyl ggliat the
same concentration as samples was used for compafite tubes were gently shaken and placed a€4h &
water bath for 60 min. The absorbance of the sasnpskandard and control was measured at 470 nrg asV
Spectrophotometer against a blank, consisting @franlsion withoup-carotene. The measurement was carried out
at initial time (t = 0) and successively at 30 &@dmin [24]. All samples were assayed in triplicatel averaged.
The antioxidant activity (AA) was measured in terfisuccessful bleaching pfcarotene using equation-4.

%Inhibition= [1-(AS ) —As (GO)I - (AC(o) —AC(eo))] x100 (4)
Where Ay the initial absorbance of the sample ajs the absorbance of the sample at 60 mingAbe
absorbance of the negative control at 60min. Theaei concentration providing 50% antioxidant aityiy(ICso)
was calculated from the graph of antioxidant attipercentage against extract concentration.

RESULTS AND DISCUSSION

3.1 Antibacterial assay of the extracts

Antibacterial assay of extracts of three minor etill were carried out and zone of inhibition forreagtract was
measured at three concentrations [25]. Table-Z2sgmts the data for zone of inhibition at 2@0mL concentration
of each extract.

Table 2 Minimum zone of inhibition (mm) of six extracts at 200ug/mL concentration of three millets

Echinochloa Crus-galli
Gram Positive

Gram Negative

B. megaterium S. aureus E. Coli P. Aeruginosa
1 Water 8.3334+0.9 11+2.1602 8.6667+2.8674 12+4.242
2 Ethyl acetate 11+0.816 13.6667+3.298 11+3.5590  11.3334+2.054
3 Acetone 4.334+1.24 7.3334+1.2472  9.3334+2.6246 11.3334+2.494
4 95% Ethanol 6.0+1.8856 11.3334£3.299 10.3334+2.624 8.0+0.4714
5 Chloroform 8.667+4.98 9.3334+2.0548  7.3334+1.6996 7.6667+0.9428
6 1% Methanol 11.6667+5 10.6667+2.867 16+5.0990  13.3334+0.471
Panicum miliaceum L.
1 Water 10+1.6321 13.0+2.160 9.0+1.4142 10.0+1.6329
2 Ethyl acetate  9.334+2.05 10.6667+1.69 10.0+2.160 8.667+3.0912
3 Acetone 12.0+1.414 16.334+4.1899 12.6667+5.312 11.0+5.6568
4 95% Ethanol 9.0+2.1602 11.0+4.9665 8.334+0.9428  11.0+2.449
5 Chloroform 8.667+2.86 9.6667+1.699 7.334+1.2472  8.0+0.4714
6 1% Methanol  12.334+3.3 16.0+2.9439 13.6667+3.299 14.334+1.6996
Panicum sumatrense
1 Water 8.3334+0.9 12.0+3.2659 8.667+2.6246 7.667+1.885
2 Ethyl acetate  10.0+1.414 14.0+2.1602 9.667+£3.2998 12.0+2.828
3 Acetone 12.34+0.94 17.667+1.2472 16.67+4.7140  16.0+2.8284
4 95% Ethanol 11.34+3.29 11.3334+2.624 10.67+2.6246 13.67+3.2998
5 Chloroform 10.34+1.24 9. 667+2.4944 10.3334+4.189 10.3334+0.942
6 1% Methanol  13.0+2.160 12.334+2.0548 13. 667+3.681 16.334+0.9428

Antibacterial activity was manifested by the 1%d#ad methanol extract of seed @¢hinochloa crus-gallE .coli
with maximum zone of inhibition of 16 mm, while seextract ofpanicum miliaceum lin acetone showed good
activity againstS. aureuswith 16.4 mm zone of inhibition. Acetone extraétpmnicum sumatrensghowed good
activity againstS. aureuswith 17.7 mm zone of inhibition [26].Moreover \itas observed that acetone extract of
panicum sumatrensghowed good activity against both gram-positiveé gram-negative bacterial strains.

The results obtained in this study indicate diffees in antimicrobial assay between extracts depgnuh the
species of minor millets as a function of the tgfeextracting solvents. Other authors [27] haveeobsd similar
differences. These results were in agreement \Wwithsiggestion of Oloke et al [28] those phytochatsiof any
medical plant have different solubility in diffeteaxtracting solvents. The reason for weak actiatyaqueous
extracts was that phytochemicals present in theisp@fminor millets were insoluble or poorly soluble irater.
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The results also indicate that the efficaciousratdton effect may be dependent on the preciseestrations o
certain phytochemicals in an extract. In spitetwf fact that most independent p-derived extracts have shou
weak potency againgtathogenic bacteria compared to antibiotics, plastsally, fight infections successfully
their natural environment.

3.2. Total phenalic content

Phenolics are aromatic secondary plant metabaddites called hig-level antioxidants because of thability to
scavenge free radicals and active oxygen specids &si singlet, superoxide free radicals and hydreedicals.
Natural polyphenols have chdimeaking antioxidant activities and are believedptesent many degenerati
diseases, including naer and scene disea.

The crude extracts obtained from aerial partsEchinochloa crus-galli Panicum sumatrense, and Panic
miliaceumwere characterized by their contents of total phesn@xpressed as gallic acid equivalent (GAE)
Echinochloa crus-galliPanicum sumatrense, and Panicum miliaciseeds were use in three different solvents
95% ethanol, 1% acidified methanol and water. Lawetal phenolics were obtained from the water amttrof
Panicum sumatrense 45.49AE/g and highest tal phenolics were obtained from the 95% ethanatitaet of
Panicum miliaceum 8433 GAE/g. Thecalculations of total phenolics weparried out by using standard (
curve with least square regression. Similarly, Itétavonoid content equivalent to quercetin (QU. f&) crude of
Echinochloa crus-galli Panicum sumatrense, and Panicum miliac was carried out. The obtained yield v
calculated from standard curve of QU with leastasquegression. The phenolic contents in diffeestitacts variet
significantly in both plants and as well as solgensed for extraction. The order of phenolic conienthree
solvents was 1% methanel95% ethanol > water for aerial parts of threedgerof millets. Variations in phenol
contents of various extracts were attributed t@ptiés of different compounds present in the wasiparts of mille
used for present study and such differenave been reported elsewhere. Similarly, the orflfia@onoid conten
in three solvents was 95% ethanol> 1% methanol temfor this three spices of millet. The resultstofal
phenolics and total flavonoids are summarized inlg3.

Table 3 Total phenolic and total flavonoid contents in seeds d¥linor millets

Millets Total phenolic contents  Total flavonoids contents
1 % Methanol (30 pg/mL)

Echinochloa cru-galli 245.33+2.49 1.208310.013
Panicum miliaceul 155.81+8.55 0.2083+0.014
Panicumsumatrens 157.61+4.13 0.1361+0.007
95% Ethanol (30 pg/nL)
Echinochloa cru-galli 845.33+2.49 1.078+0.014
Panicum miliaceul 164.50+3.52 0.830+.006
Panicum sumatren 171.70+4.13 0.186+0.008
Water (30 pg/nL)
Echinochloa cru-galli 345.33+7.45 0.30210.0078
Panicum miliaceul 145.49+6.28 0.623+0.0103
Panicum sumatren 108.65+7.16 0.230+0.0086

3.3 2, 2 diphenyl-1picrylhydrazyl (DPPH) radical scavenging assa

DPPH is a stable free radical in aqueous or metrambethanol solution and accan electron or hydrogen radic
to become a stable diamagnetic mole. It is usually used as a substrate to evaluatetiiexidative activity o
antioxidants. The reduction capability of DPPH cat was determined by decrease in its absorbars®7 nm.
The scavenging effect of extracts in the rangeG-500pug/mL on the DPPH radical increased with an increa
concentration of each extract is depictefigure 1.
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Figure 1 Percentage scavenging of DPPH in 1%methah®5% ethanol andwater extracts of Minor millets

The scavenging of by hydrogen donation caused the dseri@ absorbance of DPPH radical caused by adéio.
DPPH assay showthat extracts of in water had highest impact wieh43% scavenging at low concentratior
seed extract. I§g of extracts of Echinochloa crus-galli Panicum miliaceumand Panicum sumatrensare
summarized in table.3rhe degree of discoloration indicates the scawvgngapacity of the extract. The effect
antioxidants on the DPPH radicdavenging was thought to result from their hydrodenating ability. I, value
for DPPH scavenging by water extract of was lowestich was found to be much higher than the stah
butylated hydroxy toluenéBHT). Similarly, many authors reported thewme plant extracts showed lower acti
against the DPPH radical compared wbutylated hydroxy toluenéBHT). In addition, there was a statistica
significant correlation between the amount of pieredompounds and DPPH scavenging activity inhe extract.

3.4 Reducing power

The results showed that the reducing power oftall three extracts was concentration dependent. different
concentrations ranging from 2@ /mL to 100ug /mL were used to see the effectiveness of corationis ofall

three extracts in theesolvents as shown figure 2.The results were compared against the standard 8tdTIBHA
solutions. Water extract of millet showed signifidlg higher reducing power than other extractshire¢ differen
solvents. In additionit was reported that the antioxidant activityrefluctions is believed to break radical chain:
donation of a hydrogen atom, indicating that theoaidative properties are concomitant with the elepment of
the reducing poweivarious author havereported that the reducing power of bioactive coumals (mainly low an
high molecular phenolics), extracted from peanutshand stem bark of Indian laburnum, was assodiatéh

antioxidant activity, specifically scavenging okér radical: Reductionsare also reported to react with cert
precursors of peroxide thus, preventing peroxidenédion. The results obtained by us do supportetiotsms anc
there were positive correlation between total amdiant activity and reducing power of all five racts in three
solvents. Different studies have indicated that teéducing power of bioactive compounds is assodiatéh

antioxidant activity. Therefore, the antioxidantigity of the tested samples might partially beesuit of their
reducing power. Té reducing capacity of tannins prevented liver mpjby inhibiting the formation of lipic
peroxides. Furthermore, the reducing compoundsreact directly with peroxideandwith certain precursors ar
thereby prevent peroxide formation. The reducingaci#ty of various examined extracts might be duehtgir

hydrogen donating ability. Therefore, the examisadples might contain reducing compounds, whichreant
with freeradicals to stabilize and terminate radical chaarctions
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Figure 2 Reducing power of different extracts of Agal parts of Minor Millets

3.5 H,0, Scavenging Activity

The results of kD, scavenging activity indicated that all the extradtewecexcellent HO, scavenging activities at
a concentration range from @ /mL to 5(ug /mL in the reaction mixture and increased stgadith the increase
concentration. The percentage inhibition of staddescorbic acid was varied between 30% to 50%ve different
doses used for present study, while all five ex¢raig three different solvents had similar effeéthwpercentag:
scavenging ranging from 5% to 49% at five differdnses used for present studys, for standard ascorbic acid
was 30.9573 + 2.30fAg /mL. ICG for 95% ethanolic extract gfanicum miliaceunwas very close to standa
which indicates that water extractEchinochloa crus-gallhad very high impact ¥, scavenging. Similarly, wate
extract of little has 16, value 52.07 + 0.4ug /mL with linear regressionyhile 95% ethanolic extract of proso t
similar kind of effect on bD, scavenging effect as 5o was found 53.75 + 0.84g /mL with linear regressic.

3.6 B-carotene belching

The bleaching effect waneasured by the peroxidationf-Carotene and the effect of peroxidatiorp-Carotene is
shown in figure. Antioxidants can reduce the extainp- Carotene destruction by neutralizing the linol-free
radical and other fee radicals formed in the sym. Accordingly, the absorbance deceased rapidly imcti@a
mixtures without extracts, whereas in the presarfoextracts the reaction mixtures retained theloeoand thu
absorbance for a longer tim€he 1Cso of different extracts in inhibiting theldaching off- Carotene suggest that
bleaching can be moderately inhibited by all thez&racts in three different solve. This can be attributed to tl
fact that the presence of different antioxidant enales in extracts might be responsible for iition of p -
Carotene destruction by neutralizing the effedirafleate-free radicaland other free radicals formed in the syst
The representative data are summarized in Ta

Table 3 1Cs, for DPPH scavenging 3-Carotene scavenging and kD, scavenging of different extracts of Minor millet:

DPPH scavenging activity B-carotene bleaching effec H-20,

Species Solven

(ICs0in pg/mL)

(ICscin pg/mL)

(ICs0in pg/mL)

686.0497+8.0304
165.8623+7.3802
339.0027+12.511

Echinochloa crus-galli
Panicum miliaceum
Panicum sumatrense

1% Methanc

140.165+2.498
237.718+6.838
377.653+21.80

26.947+0.55
24.9877+0.554
22.1303+0.244

226.4637+13.086
242.2003+10.947

206.876%9.04656

Echinochloa crus-galli
Panicum miliaceum

Panicum sumatrense

95% Ethanc

143.656+1.960
236.527+2.693

227.735+31.03

21.5875%0.524
28.7271+0.318

19.9343+1.542

199.5967+8.2838
300.8487+8.5480
237.7147+9.01324

Echinochloa crus-galli
Panicum miliaceum
Panicum sumatrense

Water

130.67+4.8107
254.625+4.056
228.822+5.421

39.624+1.5428
21.4641+0.98
16.7916+4.18
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