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ARTICLE INFO ABSTRACT

Article history Objectives The aim of this study was preliminary phytochemical screening and quantitative analysis of marker
Received on: March 10, 2018 compound by a modern technique like HPTLCR@mingia tuberosaKaempferol has been quantitated from
Accepted on: June 14, 2018 GLUHUHQW SDUWV RI WKH SODQW DQG WKH FRQWHQW Rleningdisd LDO S|

Available online: October 20, 2018 vestita Materials and Methods Flemingia tuberosavas analyzed for its kaempferol content using HPTLC.

7KH FKURPDWRJUDSKLF ¢QJHUSULQW ZDV DFKLHYHG XVLQJ +37/& D
method. The content of the biomarker was compared between two spé&desiafjiaviz., Flemingia tuberosa,
andFlemingia vestitaThe OECD test guidelines no. 420 was used for the safety evaluation of the plant extract.
Results Plant has been standardized in terms of its pharmacognostic parameters. It was found to be richer in
kaempferol tharFlemingia vestitaThe oral dose of ethanolic extractlemingia tuberosg2.0 g/kg body

weight) was found to be safe in the animal mo@ehclusion Chromatographic characterizationfdémingia
tuberosausing HPTLC would enable its rational utilization and these methods can be applied for the quality
evaluation ofFlemingia tuberosas well as the use of the plant in formulations.
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1.INTRODUCTION belonging to the fabaceae family have been traditionally consumed to

R il i ia, ulcer, pain, lling. jntestjnal infecti d
FlemingiaLv D IHQ XV 1 ARZHULQI sopawv LSRRI IRE LARLAT BT RE L e
Flemingia tuberosd ) L J X )J ESyn-Moghania tuberosacommonly VLWRVWHURO TXHUFLWLQ JHQLMWHLQ AH

known as Birmova, is a plant species endemic to Western Gigts [ %F LH %:N L (.9,: %eD WD RQ SK Dél F@,ﬁ,ﬁgﬁ@gﬁa FE SD
J plo

$FFRUGLQJ WR 7KH 8QLWHG 1DWLRQV (GX L ;
Organization (UNESCO), Western Ghats has been listed as a ‘Worl Iéﬁa\gi_o EJRS | W E hs'é'f(;'ﬁlarfcw %Lréaoﬁﬁl_ G LO L V(\)/S\'[/IC v\

+HULWDJHY 7KH GRFXPHQW VSHFL¢{HV W Q(\ULW\ %IQG \)/\bLH-éI-(IJN %FFHWLQHHWLRQ QW

endemic in the Western Ghaiemingia tuberosas a runner with
have been followed from ICMR to formulate a monograph for
WKLFN XQGHU VKUXE OLNH JURZWK ZLWKGHOLEFDWH OLOD% SHGEFﬁCt)ODWH gAIgZI—?UV

and trifoliate leaves having hairy appearantg.[Plants and their

products are subject to the wide diversity in their phytochemical The available literature on phytochemical reports of the genus
SUR¢{OH EHFDXVH RI WKHLU YDU\LQJ PHWeRipgageveals thed thekloningiy sreces Cemmpige maipn
post-harvest processing, storage, stability etc. Therefore it is extremelyA D Y R Q B.LAG pfeliminary evaluation revealed the presence of
important to standardize these drugs based on their marker compound®@ FODVV Rl SK\WRFRQVWLWXHQWYV ZKLFK Kk
using the suitable chromatographic technique in order to identifyfurther evaluation since it is a group of plant secondary metabolites.

morphological and geographical variation][ JODYRQRLGY KDYH YDULDEOH SKHQROLF V
) ) o in the plant kingdom. It is commonly reported being constituent of

A thorough literature survey revealed that a few speci&$eofiingia IUXLWV YHJHWDEOHV JUDLQV EDUNV URR

have therapeutic properties, among theSemingia strobilifera beverages. Playing a role in decreasing risk of chronic diseases,

Flemingia macrophylla Flemingia chappar Flemingia vestita ADYRQRLGV DUH DVVRFLDWHG ZLWK D GLHW
_— epidemiological studies have proved that ingestion of foods containing
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Figure 1: Photographic documentation efemingia tuberosa

Therefore, the aim of this study was to standard&emingia 2.2. Plant Sample

tuberosa by carrying out the physicochemical, phytochemical riemingia tuberosavas collected from Rajapur, Maharashtra (average
and chromatographic evaluation. The quality control parametersyjoyation of 72meters) and Dr. M. M. Lekhak (Shivaji University,
were established fdfFlemingia tuberosaand kaempferol content in ROKDSXU ODKDUDVKWUD FRQ¢UPHG WKH W

Flemingia tuberosa GLUHUHQW SDUWV  ZDV HVWLEBWHGES therGighy Wishel, QAR Y¥d Brade dried for a week.
kaempferol from aerial parts éflemingia tuberosaand Flemingia The material was then packed in absorbent paper, oven dried at 37°C
vestita ZDV FRPSDUHG XVLQJ WKH FKURPDW Ry W3S dola THEEITRE idrifiias) i Bolvibkbe using a mixer-

in order to evaluate the safety of an ethanolic extradlamingia JULQGHU DQG VLHYHG WKURXJK %66 PHVK Q.
tuberosa an acute oral toxicity study was conducted on albino Wistar

rats following OECD test guideline no. 420. 2.3. Physicochemical Evaluation

JRUHLJQ RUJDQLF PDWWHU DVK FRQWHQW
water-soluble ash) and extractive values were determined following
standard Pharmacopoeial methotig12].

2. MATERIALS AND METHODS

2.1. Chemicals and Reagents

.DHPSIHURO )L BXWhka¥procured from Sigma Aldrich 5 4 Phytochemical Evaluation

e e e o o SpamneseTyoehemica evaluaion of some mjor grous of secondar
PVt Ltd PHWDEROLWHY ADYRQRLGV WHUSHQRLGV V
T in Flemingia tuberosaaerial part) was carried out by performing
preliminary phytochemical tests as per the methods reporfed [
and further the plant was subjected to phytochemical evaluation by
successive soxhlet extraction with various organic solvents in order to
analyze the percent extract of major class of compounds present in the
plant extract as per the method report&ldIp this study, UV-Visible
spectroscopy was successfully used for quantitative determination of
the phytochemical constituentiz., W RW D O ADtwt& ghRiolzy >
[14], total alkaloids 20], total saponins43] and total terpenoid<2]
which were found to be present in the plant samples during preliminary
SK\WRFKHPLFDO VWXG\ 'DWD RQ VHQVLWLY
markers used to determine the content of some major groups of
SK\WRFKHPLFDO FRQVWLWXHQWY TXHUFHWI
for total phenolics, bismuth nitrate pentahydrate for total alkaloids,
Figure 2: Structure of kaempferol. diosgenin for total saponins, and linalool for total terpenoids) in



the plant sample is shown Trable 4A Data on the content of total terpenoids in the plant sample is represent&cinie 4B
ADYRQRLGY WRWDO SKHQROLFV WRWDO DONDORLGY WRWDO VDSRQLQV DQG WRWI

Figure 3 +37/& ¢QJHUSULQWYV Rlen@rgiaklbehW SDUWYV RI

2.5. Chromatographic Characterization WKH SODWH ZDV GULHG LQ D FXUUHQW RI
The powdered plant material (1.0 g) was extracted with ethanol (10. @lensitometric scanning, the source of radiation was a Deuterium
mL), vortex mixed and sonicated for (1 min and 20 min respectively) ODPS QP PHUFXU\ ODPS QP $00

IROORZHG E\ ¢OWUDWLRQ WKURXJK :KDWRBEWEsd 3¢5 Rhgte-flpgumepiation of he plate was done at
SK\WRFKHPLFDO ¢(QJHUSULQW ZDV GHYHORSI®E | QJGWKHQ{’OVMHWIQRW S%Dgsﬁ/'éLULYDW'-

Also, separation and quantitation of kaempferol was established. XOSKXULF DFLG DQG GUL RYHQ SUH
densitometric scanning, the source of radiation was a mercury lamp

. ) QP $00 PHDVXUHPHQWY ZHUH SHUIRUP|

2.6. Preparation of Kaempferol Stock Solutions SKRWR GRFXPHQWHG DW QP 7KH VHFRQG

6WDQGDUG VWRFN VROXWLRQ RI NDHPSIHGROLYDWLWUVHM/G ZDWISUHSQUHEO GRIK\GH UHDJF

methanol. The Serial dilution of the stock solution in methanol was f& IRU PLQ )RU GHQVLWRPHWULF VFDQC

carried out in order to prepare calibrant/ quality control samples. ZDV D ZKLWH OLJKW QP $00 PHDVXUHPL
f& 30DWH ZDV SKRWR GRFXPHQWHG DW

2.7. Optimized Chromatographic Conditions To separate kaempferol froffemingia tuberosa GLUHUHQW S D UW
The HPTLC system used consisted of CAMAG TLC Scanner 4 Flemingia vestita DHULDO SDUW VDPSOHV / HD
supported by winCATS software version 1.4.7 equipped with CAMAG VWDQGDUG J P/ / ZHUH VSRWWHG

ILQRPDW VDPSOH VSRWWHU DQG &$0%$* 5dfl BWUMRMAY Wide dnd at evistahBe bR11.0SHRIR the edges under
documentation. A Denver analytical balance (Goettingen, Germany)similar instrumental conditions. The plate was developed up to

was used to weigh the standard. Chromatographic separation of th® GLVWDQFH R PP LQ &%$0%* WZLQ WURX
phytochemical constituents was achieved on TLC plates (E. Merck)saturated with mobile phase cyclohexane: ethyl acetate: formic acid
SUH FRDWHG ZLWK VLOLFD JHO ) PP WKLENQHYV IR® D®PARXNLXY 7KH SODWH
VKHHW VXSSRUW 7R GHYHORS +37/& ¢(QJIGIRBXRIQGWHRI DHWKDQROLF H[WUDFW

R1 GLuHUH @FlamigdaUiuevose IWKH VDPSOHV /| ZHUH

applied to the plate as a band of 7.0 mm wide and at a distance of 11

PP IURP WKH HGJHYVY 3ODWH ZDV GHYHORg'I-?éFggY\II:V%LHA(EIP\’/\IWDQFH R PP

in CAMAG twin trough glass chamber pre-saturated with the mobile Safety study of an ethanolic extract Bfemingia tuberosawas
SKDVH WROXHQH HWK\ODFHWDWH YFRQBY FWHIGQR @I VOIEILGRY. HOWBBUHQWYV :LVWDU
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QR 50 7KH UDWV ZHUH IDVWHG |mWuateiRataka®ldd &d NedRridels Golloweq By, fats and waxes,
approximately 2 hours post dosing, water was provédditum.The terpenoids and phenolics and other alkaloids.

animals were orally administered with extract~témingia tuberosa

(Ethanol was evaporated to dryness at 78°C in a boiling water bathraple 1aA: Proximate analysis d¢flemingia tuberosa

[Innovative Instruments, Mumbai, India] since the boiling point of

HWKDQRO LV f& DQG WKH FRPSOHWH U Parameters Results
by ‘no smell’ of the alcohol. The dose was calculated with reference to JRUHLJQ RUJDQLF PDWW H UO0.388 + 0.004
the body weight of each animal, weighed individually and suspended Loss on drying “

in distilled water). The animals were examined individually during Total P
WKH ¢UVW PLQ IRU DOO UHAH[HV SHULRGLEDOO\ GXULQJ WKH ¢UVW K ZLWK
VSHFLDO DWWHQWLRQ JLYHQ GXULQJ WKH ¢ 00U k vkRYW° UP WR[LFLW\ DQG

daily thereafter for a total of 14 days (long-term toxicity) for alteration Water soluble
from general behavior and clinical symptoms like alteration of skin ) Ethanol soluble
. . ) . . Extractive value
and fur texture, ptosis, excessive salivation, breathing problems, Water soluble
diarrhea etc. Daily body weight, food, and water intake records were )DWV DQG ZD[HV 2314 +0.024

also maintained. The results were compared with the control group

L. . .. Moderately polar extract
(orally administered with distilled water). P

Phytochemical fractions Polar extract
Basic extract

4. STATISTICAL ANALYSIS
&UXGH ¢EHU

Microsoft Excel-2007 was used to determine mean, standard deviation
6' UHODWLYH VWDQGDUG GHYLDWLRQ 56' DQG PHDQ GLUHUHQFH GXULQJ

the analysis. Table 1B: Phytochemicals ifflemingia tuberosaletected as per preliminary
phytochemical tests.
5.RESULTS AND DISCUSSION Phytochemical )
h Tests Observation Inference
constituents

During the various metabolic processes phytochemicals, which are

) . Meth li tract +
chemical compounds, are synthesized].[In order to ensure both ehanolic extrac

) . . gt . . increasing amount of Yellow precipitate Absent
identity and purity proximate analysis of the plant materials can be JODYRQRLGYV NaOH
done []. The foreign matter involves matter other than source plant Methanolic extract + Lead »
ZKLOH WKH DVK YDOXHV UHSUHVHQW WKH RUJDQLF FRQMAad QW D QPR ; BOPH JLYHYV
an idea about excessive woody material for judging the puity [ $TXHRXV H[W U D RtWeep blue-black
: FrH : : Present
Extractive values indicate the approximate measure of phytochemical YJH&O color
constituents of the crude drug] Proximate parameters such as ) Aqueous extract + , ,
foreign organic matter, ash values (total, acid insoluble and water ~ @"ns K,.CrO, No discoloration Absent
soluble) and extractive values (ethanol soluble, water-soluble and Adueous extract + Lead . b
ether soluble) oFlemingia tuberosavere determined and results are acetate © white precipitate sent
shown in Table 1A. The water-soluble extractive value was found to ) Methanolic extract + May N
. . Alkaloids N Precipitate forms Absent
be more as compared to ethanol soluble extractive value suggesting the er’s reagent
SUHVHQFH RI PRUH SRODU FRPSRQHQWYV LQ WKH UD Zetbaekkddil D ReaSololh Bbr
In the preliminary phytochemical evaluatiofeple 1B ADYRQRL G VP CHCI, + conc. HSO, ation at interface
phenolics, and terpenoids were found to be present in the methanolic ) Methanolic extract + )
Saponins Persistent foam Absent

extract ofFlemingia tuberosawhereas alkaloids and saponins were water

found to be absent. Soxhlet extraction revealed that the plant was rich

Table2 1XPEHU RI SHDNV REWD L Q Hi&nihgi&ktebeBosadMILHQIWs SDHIWHWQ R GHULYDWLVLQJ UHDJHQWYV

Number of peaks
Parts of Flemingia tuberosaspotted on the HPTLC

plate Before derivatisation 10% Methanolic suphuric acid reagent 1% Anisaldehyde reagent
254 nm 366 nm 366 nm 540 nm 366 nm 540 nm

Aerial 11 8 10 8 7 8

Roots 9 12 7 3

Stems 10 10 9 8 11

Leaves 8 13 4 10 9

Tubers 11 11 11 9 11 13

Phytochemical evaluation of the plant is also used as a qualitypreparations and to analyze a particular group of compounds or to
control tool in the medicinal plants resear8h Flemingia tuberosa focus on the analysis of plant sample,p224@ +37/& ¢QJHUSU
has not been reported for the presence of any phytoconstituentsZDV GHYHORSHG IURP HWKDQR O EEmi§&/ UDFW
&KURPDWRJIJUDSKLF ¢QJHUSULQWY DUH F RiEwsandihy biBend/ Rthi ldcea@ KO: R, WV)Kald aRidMIgVphase
important and acceptable approaches for quality evaluation of herbaf{ ) L J X YJdnd it peaks as shownTable 2



Figure 4AA & KURPDWRJUDSKLF SODWH RI VWD Q GBénigh ubePoSAHURO ZLWK GLUHUHQW &

Figure 4B: Chromatographic plate of standard kaempferol with aerial p&feafingia tuberosandFlemingia vestita.
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Table 3A: Validation of kaempferol using HPTLC. Table 3C. Comparative account of kaempferol conterfliemingia tuberosa
Parameters Results andFlemingia vestita.
LOD —J P/ Concentration of kaempferol in mg/g
SEAIES (Mean £ SD, n=7)
LOQ —J P/ = T
Linearity + —J P/ Flemingia tuberosa PJJ
Regression equation \ [ Flemingia vestita PJJ

OHDQ FRHVFLHQW RAHGHWHUPLQDYOILRQ U
6\WWHP VXLWDELOLW\ &9 Q

Based on the fact that kaempferol is a phytoestrogen reported to have
therapeutic activities, in this research work, an HPTLC method for

R characterization dflemingia tuberosén terms of kaempferol content
Area 128 KDV EHHQ GHYHORSHG )RU VHSDUDWLRQ RI
3UHFLVLRQ &9 Q of Flemingia tuberosg ) L J X U)}and#he comparison of the content
Within-Batch + with Flemingia vestitd ) L J X U)Hcycddohexane: ethyl acetate: formic

DFLG YYY ZDV XVHG DV PRELOH ¢
resolved band of kaempferol at Rf = 0.27. Presence of kaempferol in
WKH VDPSOH ZDV FRQ¢{UPHG E\ RYHUOD\ DV .

Between-Batch
S5HFRYHU\ Q

I+

LQC 102.47
MQC 98.08 $ YDOLGDWHG PHWKRG ZDV XVHG DQG ZDV
precise, sensitive and rugged using ICH guidelifeblé 3A. The
HQC 9128 FRQWHQW RI NDHPSIHUR BlerhifgiaGubeidddisi QW S|
Stability tabulated Table 3B. All the parts ofFlemingia tuberosacontain
Long-term stability kaempferol as seen fable 3B Although the content of kaempferol

6WDQGDUG VWRFN VROXWLRQ \SWHERL(®+1WA) )RU G DW@S maximum in roots, aerial parts of the plant were used for further
research work. As the current work aims at the use of renewable parts
like aerial parts which would not hamper the proliferation of these
endemic species. Therefore, the study was concentrated on the use
Ruggedness Rugged of aerial parts despite kaempferol being present more in roots. Thus,

Table 38 & RQWHQW RI NDHP S| H FR@ingi@tubdaski U H Q W L@%etrﬂy\pvnge parts have been avoided for the future pharmacological
studies so as to prevent the exploitation of the plant being an endemic

Short-term stability
%HQFK WRS VWDELOLW\ )RWWDHERKDW “f&

Samples Concentration of kaempferol in mg/g (mean + SD, n = 7) species. In further studies, the aerial part has been checked for its
Aerial 0.428 mg/g HvFDF\ VWXGLHV 7KXV WKH DLP RI WKH VW)
Roots 1.287 mglg FRQWI—!QW LV LQ HQ_RXJK.TXDQWI__\'N\ LQ'DHUL
Stem 0.393 mglg of Flemingia tuberosavas established using acute toxicity study in
' albino Wistar rats. Oral administration of the plant treatment showed
Leaves PJJ QR VLJQL{FDQW FKDQJH LQ WKH ERG\ ZHLJ!
Tubers 0.330 mg/g comparison to the animals of the control group.

Table 4A: Data on sensitivity and linearity of various reference markers used to determine the content of major groups of phytocliéemiatgartuberosa

Marker used Parameters
/12" J P/ /24 J P/
Quercetin /LQHDULW\ UDQJH J P/
5HJUHVVLRQ HTXDWLRQ \3:0.999 [ u
/12" J P/ 124 J P/
Gallic acid /LQHDULW\ UDQJH J P/
5HJUHVVLRQ HTXDWLRQ 2:0.999 [ U
/12" J P/ /24 J P/
Bismuth nitrate pentahydrate /LQHDULW\ UDQJH J P/
5HJUHVVLRQ HTXDWLRQ 2:0.999 [ U
/2" J P/ 124 J P/
Diosgenin /ILQHDULW\ UDQJH J P/
5HJUHVVLRQ HTXDWLRQ 3%:0999 [ U
/2" PJ P/ 124 PJ P/
Linalool Linearity range: 0.2-12.1 mg/mL

5HIJUHVVLRQ HTXDWLRQ 2:0.998 | u




7DEOH % 4XDQWLWDWLYH GDWD RQ WRWDO ADYRQRLGYV WRW IFemdWiatGherashFV WRWDO DONDORLG!

Sets Statistical evaluation of data
Phytochemical constituents
| 1l 1l Mean SD %CV Suggested limits
7RWDO ADYRQBLGV PJ 4( 0.191 +
Total phenolics (mg GAHg) +
Total alkaloids (mg BNfg) 0.279 0.279 0.283 0.280 0.002 +
Total saponins (mg D) 0.307 0.307 0.307 0.0002 0.074 +
Total terpenoids (mg L) 0.00001 0.131 +
6. CONCLUSION 9. ODULQRYD ' 5LEDURYD ) $WDQDVVRYD 0 7F
. ) ) . . ADYRQRLGV LQ %XOJDULDQ IUXLWV DQG YHJH
& KH P R S U REJénin@id tubérosastablished in this project work RI &KHPLFDO 7THFKQRORJ\ DQG OHWDOOXUJ\

FDQ EH XVHG IRU WKH FRUUHFW LGHQW LioMarfekdd Rk RooMVdublity\esntidr & Heéfbal bhriyE-arRaptodti to
species oFlemingia Kaempferol content has been quantitated from evaluation of botanicals. New Delhi: Business Horizons Publishers.
various parts of the plant with roots showing the maximum content1l. 1HXKRXVHU 0/ 'LHWDU\ ADYRQRLGV DQG FD

of kaempferol. Kaempferol content for the two specieBlemingia KXPDQ SRSXODWLRQ VWXGLHV 1XWULWLRQ D
viz., Flemingia tuberosand Flemingia vestitshave been compared 12. Indian Pharmacopoeia. 2010. Government of India “Ministry of Health
wherein Flemingia tuberosashows a higher amount of kaempferol JDPLO\ :HOIDUH" 7KH &RQWUROOHU 3XEOLI

content. These methods can also be applied to various plant matrices 2188 ) o
and polyherbal formulations containing Kaempferol. Using such 13- Subrahmanya Prasad K, Biju P, RaveendrarFlémingia tuberose \
validated methodsi-lemingia tuberosawith precise quality can be 7DK%]H galEHDQFHHGD ;{D [DD QHZ DGGLWLRQ WR WKH AR
encouraged in herbal industries and cultivatioflemingia tuberosa . - :

for its commercial use. The data generated throu lﬁl Rajc_)padhye_z A_A, Upadhye_AS. Determination of phenolic content and
can be encouraged 9 9N in vitro antioxidant potential of ethanol extract of seven sources of

this research work can also be used as a monograph, which will be Ayurvedic drug Pittapapda’ 2013.

KLJKO\ EHQH¢FLF%@]|@thmfbsm\lhE®ij|at|0nS 5RPDQLN * *LOJHQDVW ( 3U]\MD]Q\ $ .DPL
preparing plant material for chromatographic separation and analysis.
7. ACKNOWLEDGMENT -RXUQDO RI ELRFKHPLFDO DQG ELRSK\VLFDO

Seasotiya L, Siwach P, Malik A, Bai S, Bharti P, Dalal S. Phytochemical
We would like to express our gratitude towards Prof. S. R. Yadav HYDOXDWLRQ DQG +37/&&DVINHIDI étIipi@sU R ¢ O H
6KLYDML 8QLYHUVLW\ .ROKDSXU IRU KHOMRXUZNBOLRI WEHWDRQEHQ W@ SKDWERBRKA FEILRORJ!
Flemingia tuberosan wild. A part of this work has been presented at 17. Shailajan S, Kumaria S, Pednekar S, Menon S, Choudhury H,
4th International Congress of the Society for Ethnopharmacology in ~ Matani A. Estrogenic Potential ¢flemingia vestitaBenth Tubers in

%DUGROL 6XUDW ,QGLD GXULQJ )HEUXDU\ 2YDULHFWRPL]HG 5DW ORGHO 3KDUPDFRJQRYV
18. Shailajan S, Kumaria S, Pednekar S, Menon S, Joshi H, Matani

A. Chromatographic evaluation of a phytoestrogen Genistein from
8. CONFLICT OF INTEREST Flemingia vestitaBenth: An endemic plant of Northeast India.
Nil. BKDUPDFRJQRV\ &RPPXQLFDWLRQV
19. Singh G, Kumar P. Phytochemical study and screening for antimicrobial
DFWLYLW\ RI ADYRQRLGV Rl (XSKRUELD KLU
9. REFERENCES $SSOLHG DQG %DVLF OHGLFDO 5HVHDUFK

1. GhalotK, Lal VK, Jha S. Phytochemical and Pharmacological potential 20. Sreevidya N, Mehrotra S. Spectrophotometric method for estimation

of eminga SRIE H[ - 1 SLWRQ JDEDFHDH - owH BLRINRERLCK EYSELSEWDEOH ZLWK "UDIHQC

3K\WRPHGLFLQH .
2. Ghorai N, Chakraborty S, Gucchait S, Saha SK, Biswas S. Estimation21' Syed HM’ _Kunte SP, Jadhav BA' Salvg RV. Extraction ar_ld
characterization of papaya seed oil. International Journal of Applied

of total Terpenoids concentration in plant tissues using a monoterpene, 3K\WLFDO DOG %LR &KHPLFDO 5HVHDUFK

/LQDORRO DV VWDQGDUG UHDJHQW 22. Tistaert C, Dejaegher B, Heyden YV. Chromatographic separation

3. Harborne JB. 2007. Phytochemical methods-A guide to modern
techniques of plant analysis. Delhi: Springer Private Ltd. WHFKQLTXHV DQG GDWD KDQGOLQJ PHWKRGV

4. +HUWRJ 0*/ )HVNHQV (-0 .URPKRXW ' +R§§§$Bmgt%\%LF'%\a{z%bpbﬁD 0 o metric
F \

'LHWDU\ DQWLR[LGDQW ADYRQRLGV DQG N - LJ}V?% 1% & K%’E\QH@QF@”% KA |
ZXWSKHQ (OGHUO\ 6WXG\ 7KH /DQFHW etermination or saponin In YucCa extract used as 1ood additive. Journa

: ; X o . RI $2$& ,QWHUQDWLRQDO
Kataria S, Bhardwaj S, Middha A. Standardization of medicinal plant 24. Zhao Y, Kao C-P, Wu K-C, Liao C-R, Ho Y-L, Chang Y-S. Chemical

materials. International Journal of Research in Ayurveda & Pharmacy FRPSRVLWLRQV FKURPDWRJUDSKLF ¢QJHUSU
é

Khandelwal KR. 2008. Practical Pharmacognosy: Techniques and RI $QGURJUDSKLV +HUED OROHFXOHV

Experiments, India: Nirali Prakashan. How to cite this article:
7. Kirthikar KR, Basu BD. 1993. Indian medicinal plants. Dehradun, Shailajan S, Mascarenhas R. Phytochemical and Chromatogrdphic
India: Bishen Singh Mahendra Pal Singh: 220. (YDOXDWLRQ RI .DHPSIHURO IURP )OHPLQJLD WX
8. Madan S, Gullaiya S, Singh GN, Kumar Flemingiastrobilifera 30DQW RI :HVWHUQ *KDWV - $SS %LRO %LRWHF
review on phytochemistry and pharmacological aspects. International -$% %

-RXUQDO RI 3K\ WRSKDUPDFRORJ\



