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Comparative study of extraction methods for chlorophyll determination was
investigated. The chlorophyll from the leaf tissues were extracted by DMSO(Dimethyl
sulfoxide) at 65°C, as described by Hiscox and Israelstam (1979), and by DMF
(Dimethylformamid) at room temperature, as described by Moran and Porath (1980).
Total chlorophyll content from both extraction methods were deterimined by
spectrophotometric method. Calculation was performed by using Aron’s equation
(1949) for DMSO extraction while Moran’s equation (1982) was used for DMF
extraction. It was found that the total chlorophyll content from both extraction methods
were not significantly different. However, DMF extraction method spent longer time than
DMSO extraction method. In the second experiment, four temperature regimes; room
temperature, 30°C, 50°C, and 70°C were used in DMF extraction method. No
significant differences in total chlorophyll content among four temperature regimes were
observed. The extraction time, however, was decreased as extraction temperature
increased. The shortest extraction time was observed at 70°C. The comparison between
DMSO and DMF extractions at 65°C showed non-significant difference between these

two extraction methods, both in the total chlorophyll content and the extraction time.
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Dea7 -Deea

ﬁﬂdﬂﬂ’l‘l@lﬂ‘ﬁ"ﬂuﬁﬂlﬂﬂﬁﬁﬁ:ﬂﬂﬂﬂﬁﬂ‘[‘iﬂﬂ‘ﬁ
19489 647 URZ 664 WluNaT ausau



mneassh 2 wavasganpiidentanannalifindas DMF
THURWAINARBILUL Completely Randomized Design §i 4 93139 Az

5 1 wszhimidnunasssiudratiefis 2 wfia Ae e uas usedund

ilufmniaiuezens usadaliiiufuing Burm 100 Sednsy Taowin-
Basmslaiffafarfumduluuscaenly  dnffafafmnsiansslsfislunssanasas
@28 7 Aaffay DMF ﬁqm%gﬁﬁm, 30, 50, 48z 70 asanTailies MnsanaeunIENg
dadefmufawanideniiufan  Sufrasvsfildlumisda  Fnrsuendauzes
maRTeananesezate  Uiulfunerusssnsezatelmiiin 10 fisffes Tasmaéu
gIata DMF uazihamazasfldlffinsefnBnueselfle Taslifitwdmiy
M3 SwmeiBanmasa lsfasnmasiadae DMF luminasesfl 1

maneansfi 3  nmmfeunfnuiimstansslsfaenfnlesld DMSO usz

DMF ﬁqmﬂgi‘n 65 ssanmaidon
THUNRMINARBILLL Completely Randomized Design il 2 3819 a2

8 i ussimTdnsmasasiudadnfiy 1 vfia dsuseiuns

ihlufmaauszana usadaliiduiuing Bane 100 fsdniu Taswin-
Wesmslfifladerdnmdulunssvely  suflaflofimnatansslsfialunasananss
a1 7 faffes DMSO ﬁqnm{}ﬁ 65 ssmTsLde uae 7 Anfaas DMF 'ﬁqmﬁgi‘l 65
psmamdis  MnsedasunmenadafeAnySuuenifeniiuiun  tufinnendld
lunssia Fmsuendauzesnnizeanangitazane Uiufunasvessrazaialviiln
10 fsdfas laonms@uessda deiseaneasslsfafiaialdannsld DMSO use
pMF lueseda  ldfiemsdmBunmenalils  Tesdfifdwdeadunisiemein
Bunmase lsfasnaIanadie DMSO uas DMF lunsnanasfl 1 anudéy
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Funsnases @ounsngan 2537
§uq¢1mmmaa iAaununiuf 2538
weslfidnsRaman  aedrunalulsdnsniods
amanaluladmanees soniunalulafnszesungr-
WINANNINANTEN ATINWURIUAT
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Aan1snaaad

mnaaasf 1 nmaBeunfieAinetansalilasnfinlesld DMSO uaz DMF
nniTnasasdsnguaditiuimasalsfafataldaanlunssduns,
uausn, Wasl, gwssdimd, dnty, wghw, acled wsengnnade leeldens DMso
shafigamndl 65 asnnasifus derlnsidusiutiinaesslsfiafisdaldannsldas DMF
aﬁaﬁqmﬂ{}ﬁﬁm (amufl 1) usadlaiardieresinueddnui Buaesslsflafissals
luudazRudaadne n1 2 35m17 Lidaruuandresfunieada (mﬂamﬂwmnﬁ 1-8) #u
nafililunedalunn g dadufinngit SEnmedalasld DMSO fgamal 65 s
sidoe eelfssezoanlunsasasunindinssnalasld DMF ﬁqmn{}ﬁﬁ'aa

mneassh 2 wavaigmnglidamssnansaliiadas DMF

nmnassdtinguadn Bumessliflsfiadaldenlufian wesune-
suni Tasldans DMF ﬁﬁ@ﬁqmngﬁﬁ'm, 30, 50 uaz 70 sanaadus fevlnsifes
ﬁ‘u(mma‘ﬁ 2) wsnfladiuBinreinuesdd wudh Buwesslfiafaialdluudaz ity
ghatana 4 55ms Bidarmuandresfiunieedd (emanaruantl 9-10) sauseaziaandl
Iilumssdalunn 9 dadeRrdmnguedn nistaflgang 70 ssanasdes ezlfiann
é‘uﬁqﬂ u,azl.'nmﬁl‘i‘lun'rsaﬁ'mzrﬁuﬁmﬂaqmﬂgﬁﬁﬁ'ﬁﬁamm #138naarafigangf
ﬁ'aaazlﬁ"szﬂmmlummﬁ‘ﬂmuﬁqﬂ

4 P o ) o
miaaasn 3 malFeufierdisnansa liislayls DMSO usz DMF fgmnnl

A
65 saATaL TS
mnmmmassstnguadn Banmessliflafsialdanluussdund Taeld
813 DMSO aﬁ'@ﬁqmwn“ﬁ 65 asauraides SarlnsifesduiFunuaselsfiafiadasinmsy
ey DMF ‘ﬁqmﬂqi‘l 65 ssnnmaidee (a9l 3) uanflesiamBiemeimenBnu
Vnmesslsfiafiataldlwi 2 38ms Liflauuandretumesdd (amentenuand
11) dmiuszezafildlumsstons 2 35matsngii Maswid
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m319f 1 usasBuansslsfaluiiafofiy uszasfildlunsena Taennsls
DMSO u8g DMF i1flugssna anfizaiat1s 8 vha

gnaaay DMSO

FNaa2e DMF

frnases Hunmasalsfla 1287 tRunmasalifla IR0
(nn.m.ﬁmﬁnaa) (7a.) (un./n.ﬁ'wﬁfn (73.)
+sD aa) £ SD

wssduny 1254+ 134  3.00 1254 £ 1.64  4.10
HALEA 13.10 £ 1.50 4.00 13.06 £ 1.55 6.40
Wasiin 17.96 £1.19  1.35 17.02+1.37  2.15
gwssllmf 2401+ 258  1.15 2519+ 1.75  1.45
W3 18.68+ 1.64  1.25 19.38 £ 1.46  1.50
wehau 2563+ 1.64  1.15 2528 + 1.40  2.45
zln§ 1312+ 1.38  1.40 1348+ 1.22  3.10
wauaily 1821 +1.02  2.20 17.906 £ 0.04  4.00




d & 4 A o
719197 2 weadFuaasslsflalwitoifofs usziasfiltlunsana laals DMF

Lﬂua’l‘mﬁ'ﬂﬁqmwgﬁ@m 9 amnAedratng 2 1fla

szaugmngil Hunuase lsila e (T%.)
(asanaaides) (un./n. dminga) +SD
Wasih
gannivios 15.56 + 1.47 3.40
30 15.72 + 1.91 2.40
50 16.17 + 1.10 1.30
70 15.31 + 1.20 1.00
WRITUNT
gunniiving 11.64 + 0.94 5.20
30 12.12 + 0.50 4.40
50 12.10 + 0.63 3.10
70 11.46 + 1.18 1.30

m3eh 3 ugasBaunmene lsalwdade frusziaanfildlunsera Taeld DMSO

-
way DMF L'ﬂuﬁq‘iﬁﬂﬂﬂﬂqmﬂfq}ﬁ 65 ﬂﬂﬁ'\l‘ﬂﬂl‘ﬁﬂﬂ

gnaae DMSO

faNaaIE DMF

Arnased  WBumasslafls g
(un./n. dwinga)  (a00.)
+SD

Bumasslsils IR
(an./n. dwinea)  (7a.)
+SD

wEITuNs  6.5859 + 0.5126  0.40

7.1583 + 0.3319 0.40
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a [4
ATRARINIINAIDI

Pnusmmanedfl 1 ulinBanuesslsflafiataldannild DMSO uaz DMF
lunrsnasrhiflaunendranunmasdid wimvenansalsfiadas DMSO ﬁqnmgﬁ 65
ssnnandes ezldvesnsrlumsssasuninaiadas  DMF ﬁqquﬁﬁ'm sl
qnmglﬁ'ﬁ'umndﬂaﬁ‘ulummﬁ'@ﬁwaﬁﬂlﬁnmﬁlﬁum‘mﬁ'ﬂumnemﬁ'uﬁ"aﬂ Taumsarafl
qm‘nqﬁgaazﬁ’t‘lﬁnﬁﬁﬁ'@i’i‘sxﬂmmgﬂm (Vernon and Seely, 1966) ﬁ"numqﬁ%ﬂéf
fmmesasfl 2 Lﬁaﬁnmummqmﬂgﬁ@iam‘mﬁ’aﬂaahﬁaéﬁrJ DMF Samsmingn
m‘saﬁ'mﬁqqufﬁ 70 ssanaaifes azh'r’xwznmlumaﬁ’aé‘uﬁqa usztaafildlunas
aﬁ’muﬁuﬁumuﬁﬁmﬁaqmﬁgﬁﬁlﬂmﬁaﬁ'ﬂaam a’m%’ummﬁ’aﬁqmﬂgﬁﬁ'awzﬁ
wummlum‘wﬁ'ﬂwmﬁqa sﬁquamadﬂqmﬂqi‘lﬁnasianwaﬁ“ﬂﬁaa'[sﬁa Teunmnfia
gampRligstuszimde §itulunmeralifiatedy atnalsiaugampfiililu
msnia linrrgufnliwmzesildiifiamsggiiuasalsila (Goodwin, 1976; Vernon
and Seely, 1966) HfuarnlimadwmzimBinmesslsfafiananald uazernus
nInanasfl 3 wudndinsld DMSO usz DMF lumsaraanslsils ﬁqmﬂgﬁ 65 8471
wales azlarusuniolunsedarindy iwmzBunaesa lsflafladale Liflauuan
anafumesdid Tamiszezsflsluntsasariiu
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a:;ﬂuamsnﬁaaa

nmalfeufiesiimsnansalslaemnieleslds DMSO usz DMF wudn
Banmanalsfafianaldammsiadie DMSO ﬁqmﬁgﬁ 65 svanTaLfes uaz DMF
ﬁqmﬂgﬁﬁm Tiflauuandafiunesdd  waspzasfililunmisdedas DMsO fl
aomndl 65 ssanmaiduw azduninmIeiadaa DMF ﬁqmﬂgﬁﬁm Frinddlénansas
afansalifladas DMF laaliwzduaamplidng dulnngrednfunaeselfisflede
lalsifaruuandranunesdia ﬁ'au‘szﬂmmﬁlﬂummﬁmzaamLﬁaszé’uqmﬂgﬁﬁl‘f
1ummﬁ'mﬁugai‘fu’[@ﬂnﬁaﬁ'@ﬁqmmﬁ 70 psanTsides azﬁ'ﬁzﬂznmguﬁq@ uay
m‘mﬁaﬁqquﬁﬁ'awzlﬁnmmuﬁqa gnfunmufeufsuitnisiaasalsfisen
Avlaald DMSO uss DMF ﬁqnmqﬁ 65 ssraailis wuin Banwesslsfisfienald

& a ' 1} s o o & v Qs
M 2 55137 liflanaunendranuneadd uazassans 2 SFnsldaaurinu
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AT NATARNIN

ai a -3 oo L% o &
A1518MANRINT 1 aTzvnerddliuinasalsfla snnsenalungsauns
) a

@28 DMSO ﬁqm‘ngﬁ 65 adauaidus uaz DMF 6

amnniiviad
q u

SOURCE  df S§S MS F~ratio F0.05 FO0.01

Treatment 1 0.0204 0.0204
Ex.Error 14 35.8309 2.5504
Total 15 35.8513 2.3901

7.9706x10°"°  4.60  8.86

Grand Mean = 12.5020 CV=12.7965%
NS liflarnunandrenunia i

“ -] g -X-1 7]
a1519n1auwInt 2 SiaTieinusdditiuiaasslifls annisanalunausa
a8 DMSO ﬁqnma;}ﬁ 65 asanTnTes uas DMF f qmﬂgﬁﬁaa

SOURCE  df S8 MS F-ratio F F
0.05 0.01

Treatment 1 7.1626x10 ° 7.126x10° 2.6995x10 " 4.60 8.86

Ex.Error 14 37.1468 2.6533
Total 15 37.1639 2.4769

Grand Mean = 13.0832 CV=12.4503%
NS Laiflarnunandranunishia
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A1519N1ARRINA 3 SiaTzrniadffSunansalils snmsanaluiesda
@ o a o
a8 DMSO figanpll 65 23 TRLTEE ues DMF 71
aunniviad
9 U4

SOURCE  df S8 MS F-ratio F0.05 F0.01

—

Treatment 1 0.0137 0.0137 7.3129x10°"°  4.60 8.86
Ex.Error 14 26.2272 1.8734
Total 15  26.2409  1.7494

Grand Mean = 17.9918 CV=7.6075%
NS laiflaunandranun1iadid

d n o
@1319n1auwINA 4 JaTieinisddvTunmasalsia mnm‘mn@lquwtﬁmﬁ‘
@28 DMSO ﬁqquﬁ 65 ssaLuaLdus uaz DMF #
-9
anNAVeY
q U

SOURCE  df S8 MS F-ratio F 0.05 F0.01

Treatment 1  11.1498  11.1498  2.3344" 4.60 8.86
ExError 14 66.8702  4.7764
Total 15  78.0200  5.2013

Grand Mean = 25.0221 CV=8.7343%
NS Laiflaaunandrafunegdia
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ﬂ. -3 .8 -X- Qs Q ']
AMIIMARWINA 5 IaTeinusdfSunmass lsila mnm‘sanﬂluunqa
P )
@21 DMSO figmwnnll 65 asanwaidas uaz DMF 0
awnARRad
9 L]

SOURCE  df S8 MS F-ratio F0.05 FO0.01

Treatment 1 1.9400 1.9400 0.3625" 460  8.86
ExEror 14 38.6203  2.7586
Total 15 40.5603  2.7040

Grand Mean = 19.0303 CV=87277%
NS Liflausandranunada

a1519n1a0wInfi 6 TaTeinuaidBuiaaseli®s nnedalunghon
o P
A28 DMSO figannd 65 esanaaiBios uag DMF 1
amnniviag
9 k]

SOURCE  df SS MS F-ratio F0.05 FO0.01

Treatment 1 0.4825 0.4825 0.1814" 460 8.86
ExError 14 37.2437  37.2437
Total 15 37.7262  2.5151

Grand Mean = 25.4534 CV = 6.4080%
NS Liflarunanarenumasiia
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asemanwInit 7 SinredinusifBunaesslsfis snnanaluaslad
[ o o - )
@28 DMSO flamngfl 65 asavaifus uas DMF 71
| wnnINas

“u

SOURCE  df S8 MS F-ratio F0.05 FO0.01

Treatment 1  0.0135 0.0135 6.952x10 " 4.60  8.86
ExEror 14 27.1348  1.9382
Total 15 27.1483  1.8099

Grand Mean = 13.1485 CV = 10.5882%
NS Liflanunandranuniishia

mM3mManwInfi 8 SaremeslifBainmanalsfls snmesialungraiside
@28 DMSO ﬁqm‘wgﬁ 65 ssauaaidug unz DMF i

qm‘ngﬁﬁm
SOURCE  df SS MS F-ratio F0.05 FO0.01
Treatment 1  0.2361 0.2361 0.2153" 460 8.86
ExEror 14 15.3522  1.0966
Total 15 15,5883  1.0392

Grand Mean = 18.0861 CV = 5.7900%
NS Lifiauuandianunesda

WS . b AT
AR L, 8N
LW IR oL
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A1F19NIARRINA 9 SiaTevnusddrTinmanelsfa aanmysnaluifasia
@ o a v
8 DMF figawnfiies, 30, 50 uss 70 asantados

SOURCE  df S MS F-ratio F0.05 FO0.01

Treatment 3 1.0646 0.6549 0.231 3NS 3.24 5.29
Ex.Error 16 45.2920 2.8308
Total 19 47.2566 2.4872

Grand Mean = 15.6946 CV=10.7202%
NS Liflaruwandraiuneadid

A -X-1 QA %]
AT MARWINT 10 SatizinisaddBuimeselsfla nnsenalungisund
@78 DMF ﬁqmﬂgﬁﬁm. 30, 50 uaz 70 sddTRLBas

SOURCE  df SS MS F-ratio F0.05 F0.01
Treatment 3 2.8539 0.9513 1.1 34ON'S 3.24 5.29
Ex.Error 16 13.4203 0.8388
Total 19 16.2742 0.8565

Grand Mean = 11.8339 CV=7.7393%
NS fLiflarunandrsnunedid
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ﬂ‘ a & 2 o [ 4
A1TIIMAanwINN 11 ')Lﬂ‘i"]&’ﬂ?lﬂﬁﬂ@llﬁ&ﬂt%ﬂﬂﬂ?ﬁﬁﬂ ‘ﬂ’]ﬂﬂ'l‘i‘ﬁﬂﬂlﬂu.ﬁﬂ%um
v o a
a8 DMSO iag DMF ﬂqnm{;u 65 adAnTIRLTER

SOURCE  df SS MS F-ratio F0.05 F0.01
Treatment 1 1.3103 1.3103 3.8561° 460 8.86
ExError 14  4.7575 0.3398
Total 15 6.0678 0.4045

Grand Mean = 6.8721 CV = 8.4825%
NS laiflaauandrsnunisfia
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