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Effect of Harvest Time and Season on Antioxidant Activity,

Anthocyanin and Total Phenolic Content of Butterfly Pea Flower
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Abstract

Butterfly pea (Clitoria ternatea L.) is known for its medicinal properties and as a natural colorant in several
countries. Potential and uses of several secondary metabolites extracted from the plant are widely studied; however,
improvement of this species for better phytochemical properties is still limited. Phytochemical characterization of
butterfly pea germplasm would provide important information for management and utilization of the germplasm for
such breeding purpose. Environment may affect phytochemical properties, the matter of which has not been much
studied in the species. This study aimed to investigate whether harvest time in a day and season affect
phytochemical properties of butterfly pea flowers. Fourteen accessions of butterfly pea germplasm were studied.
Their flowers were collected in three different times of the day, i.e., in the morning (8-9 am), in the midday (12-1 pm),
and in the afternoon (4-5 pm), in summer (April and May, 2017) and rainy (August, 2017) seasons. The result showed
that time in a day affected the ferric reducing antioxidant power (FRAP assay). Flower harvested in the morning had
significantly higher FRAP value than those harvested in the midday. Interaction between harvest time of day and
harvest season was found affecting DPPH radical scavenging assay (DPPH). The flowers collected in the afternoon
in summer had the highest DPPH value, whereas those harvested in the midday in summer had the lowest value.
Flowers harvested in rainy season had higher total phenolic content and total anthocyanin content than those

harvested in the summer.
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Table 1 Butterfly pea germplasm and their origin and petal color included in this study.

Accession no. "

Collection location

Petal color

Pl 164250 Brazil, Sao Paulo Dark purplish blue
Pl 209315 Virgin Islands (U.S.) Dark purplish blue
Pl 209592 Cuba Dark blue

Pl 226265 Kenya Light purplish blue
Pl1 227163 Sudan Dark purplish blue
Pl 258379 Taiwan Purple

Pl 283232 Sierra Leone Dark purplish blue
Pl 283235 Kenya Dark purplish blue
Pl 283236 Cuba Dark purplish blue
Pl 311506 Brazil, Ceara Dark purplish blue
Pl 322365 Brazil, Sao Paulo Dark purplish blue
Pl 322366 Brazil, Sao Paulo Dark purplish blue
Pl 451721 Mexico, Baja Norte Dark purplish blue
Pl 538311 Dominican Republic Dark blue

" Pl number and collection location are according to ARS-USDA NPGS (https://npgsweb.arsgrin.gov/gringlobal/search.aspx).
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Apnpinanssuansiueyyadasyinasan 1aeRBn1s The Ferric-Reducing Antioxidant Power (FRAP) assay
(Benzie and Strain, 1996) FafAuasan Benzie and Strain (1996) ST WeI stock solution 300 mM acetate buffer
(3.1 g C,H,Na0,3H,0 waz 16 ml C,H,0,) 1/51 pH winfiu 3.6 slansisenansazans TPTZ (2, 4, 6-tripyridyl-s-triazine)
AHLdidW 10 mM T HCI adnsdndi 40 mM uazansazane FeCl,6H,0 Avnudndu 20 mM Tneisses working
solution (Ferric Reducing Ability of Plasma; FRAP) 4 acetate buffer 5u1m5 25 ml @17azane TPTZ Usunmg 2.5 m
kazdnTazane FeCl,.6H,0 17u1m7 2. 5 ml uﬂﬂuummmu 37°C Tmﬂmmm incubator (polar 1000C, Contherm,
New Zealand) Limmml,mm”ﬁ‘fmfhmmu@mmuﬁmm 100 pl ¥uUieniuansavaiy 2,700 pl 189413 FRAP
‘Luwumﬂumm 30 w1 ﬂ’muumamwwﬂ@ﬂu@Lﬂummwumu i ldnansd (ferrous trlpyndyltrlazme Complex)
mLﬂmuTmﬂm spectrophotometer (Speotronlc 20 Genesys, Speotromc Instruments, U.S.A.) wmmmqmu 593 nm
wirannamsgulagld Trolox NAududu 0.08-2.5 mg mL™" vize 0.3125-10.00 mM lumiae Trolox equivalent
antioxidant capacity ¥7a TEAC; mg TEAC g FW

mwmaquéﬁﬁ’mqga%mz A28 e 2,2-diphenyl-I-1-picrylhydrazil (DPPH)

IneIfnulad3an13289 Brand-Williams et al. (1995) it Lm?ﬁuﬁ%ﬁzumﬂﬂﬁcy%u U3uRg 100 pL waNiy
a17aza8 DPPH (2,2-diphenyl-I-1-picrylhydrazil) 1adu 0.004% luuniuaa U3unms 1900 pL wan waziildiilu
‘ﬁﬁmﬂumm 30 W LLﬁ’Jﬁﬂﬂ'ﬁfmﬁhmi@mﬂauumﬁ”’m spectrophotometer (Spectronic 20 Genesys, Spectronic
Instruments, USA) finnuenaaaw 515 wiluiums WLAUAINNIAANAULAITDY blank (@elaliAnansazane DPPH)
LL@:mma‘@mﬂﬁmmwmmmmuqummﬁmﬁﬁﬁum@ﬂﬁm% Favnnnmeaaedluinuefentiy A miuanInnIgu
wisannsnsguiagld Trolox it 0.08-2.5 mg mL" v7a 0.3125-10.00 mM luniag Trolox Equivalent
Antioxidant Capacity 38 TEAC; mg TEAC g’1 FW
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IneAnwladaaaee Wrolstad (1976) way Lee et al. (2005) #atd ﬁﬁﬁ'}hﬁum@ﬂﬁﬂﬁuuﬂuﬂu 2 viaan YsuIms
naanaz 1,000 pl Tnavaanusniildnaniuansazaneianana 5 win saatimas pH 1.0 289 0.2 N KCI uaz 0.2 N HCI
1f741m7 2,900 pl Faeliluiitiaifiungn 15 i dounseafisesnilusuiurives pH 4.5 filsynaudag 1 M
CH,COONa lu 1 N HCI 311ms 2,900 pl mm”lf’ﬂummﬂumm 15 U ﬂfaum”l,ﬂammmimmﬂ@mmwm pH 2 7¥A
e pH 1.0 uay 4.5 InadanIsgaAnauuAY (A) fiAnnuenanaw 520 uar 700 wiluwas udar o Bunnueninlaeniiy
%mmmmgm

mi@.mﬂﬁuum (A) = [(A52o_ A7OO)pH1.O - (A520_ A?OO)pH4.5:|

Bunnueuinlaenfuiauun (mg L) = A x MW x DF x 10% € x L

Lf]'a A = absorbance, MW = molecular weight of delphindin-3-glucoside equivalent = 500.8 g mol”,
DF = dilution factor, € = molar extinction coefficient of delphindin-3-glucoside = 29,000 L mol” cm’w, L = length path
of the cuvette (cm)

nsitamzsilBanansiuaananan

ArrsiBnaansiueaniamalngld Folin-Ciocalteu method (Swain and Hillis, 1959) Gesnudasaes
Swain and Hilis (1959) ua Kaisoon et al. (2011) @Tq‘f: ‘l%’ﬁﬁhzumfanfa“mfﬁuﬂ?mm's 100 pl WAN Folin-Ciocalteu reagent
ANLdNd Y 0.17 M (mm’am\‘imﬁmn@u 10 wn) 13u1m9 2,250 pl nas Al Ledes Vortex (Vortex-2 genie,
U.S.A) mmiﬂmﬂmﬂ{]mm 5 W1 mﬂuw,mu Na,CO, mauidndy 0.12 M fFuims 2,250 bl mﬂmﬂnﬂu
thansazaneansldluiin 7 Ngnuunsies wluan 1.30 Falus Tnenatimn < 30 ety fmmimmnmuummmmmfmmu
725 nm Imﬂmm‘m spectrophotometer (Spectronic 20 Genesys, Spectromc Instruments U.S.A) 1FmuansWuedn
m\mum mewmmum’mlmma?ﬁ’mmm gallic acid Tuuiag mg 100 g° m@qu’muﬂmm

INLRUNIINAADILLL Factorial in Randomized Complete Block Design (Factorial in RCBD) 1 2 lada Ae
70a0a198951 N 3 D918 uaznANIA g2 n9n1a lundianaaed 14 uden (accession) AATIEUANUANFIG
NNADNH IAEN1TIAT AN TLIU (Analysis of Variance) ez Benfunnaunnsesieanlaeis Tukey’s
HSD test @ P<0.05 Tnel4T1sunss SPSS version 19.0 (SPSS Inc., Chicago, IL, USA)

HANNSANHILAZIANTOl

@nﬂmﬁLm'}:u’ﬁnwmxmqqummﬁmmm@nﬁcysﬁ”umm%@ﬁu’qmm 14 MANEAT WUFT NANITNaNIAnL-
ayyadaszlnamuiiinudaeia FRAP lumendnyduilifudalwi 2 gana S liumnsefuneadn uwinend
mlﬁuﬁmrﬁi’]wﬁq\umwaﬁu A FRAP fiumnsineriu Tneniauiuifiesludaadnlden FRAP Qqﬁ'z\gm waNFingaeingd
uﬂfmmmmﬂmamumﬂfﬂummm\mu uwarlndiReaniudaiing (Table 2) luansdeafunuin pensiydusesde
wuﬁﬂﬁmﬁﬂm quﬁmu@um@mﬁmmwmﬁnmmmﬁ DPPH mmnmqnu Lﬂum@mmmﬂmqLqmmmfaumv
qmm@mmumm (Table 2) Tmﬁmmnmumﬂfﬂumquﬂuqm@u fiAn DPPH indtgaiign Ao 21.37 mg TEAC g FW
umnsinsatiiddynisadiiaindt DPPH e Tumenifuiieslugaananeiu quma@u fifletesiign uaznani
Lm_|mm‘lwmqLsmﬁummqmﬂmmqulu A1 13.97, 16.28 uaz 16.25 mg TEAC g FW maandill aeniiuiienlugag
naneduuazting luneeu JA1 DPPH \adE 19.50 uaz 20.31 mg TEAC g FW nuaneiL fegandrlusendlifuiien
Tugaananedu lunaien ateilviadrAnyiduiu (Figure 1) thsuifuarannuanananlumdueyyadaszresiizena
N1ANAUFNTIN ANINUIARDN nafusneuiaiuies Geduadensaie azan viianinuasuulaesaslszney
ﬁﬁqwéﬁmwsﬂ@%m: (Lachman et al., 2009; Li et al., 2012) ﬂ’muﬁuLLﬂ?"ﬂ’mL%@Wuﬁﬂiiuﬁis\iﬁﬁﬂﬁ’]ﬁmwﬁiﬂﬂ'ﬂ FRAP
waz DPPH lunmsinmil enadlfisiuiniugnesyldlddadaddyiitiuasamuanansalunisdnueyyadass wii
L%/@Wuqm‘imzﬁﬁmmn‘wmaﬂszmﬁ ﬁ’wmiﬂgﬂ@LL@ﬁ*ﬂmLmeiﬂﬁuﬁuﬁuﬁuLﬁ'mﬁmﬁ@uﬁu TTadeiduasiad
FRAP uaz DPPH émﬂ%lﬂuﬁamwLLfgmé’@ﬁLuﬁmLf;mﬁ@q@mmﬁmﬁ'mﬁﬁmﬁu
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Table 2 Antioxidant activities (FRAP and DPPH), total anthocyanin content, total phenolic content in butterfly pea
flowers harvested at different times of day and seasons.

FRAP " DPPH TAC " TPC "
Factor Treatment y y y p
(mg TEAC g~ FW) (mg TEAC g" FW) (mg 100 g~ FW) (mg GAE g~ FW)
8-9 am 28.29a 16.51 17.89a 41.79a
Harvest time of the day 12-1 pm 18.47b 17.89 22.87a 40.37a
4-5 pm 23.32ab 20.84 19.77a 43.48a
Summer 21.67a 17.20 11.69b 30.26b
Season .
Rainy 24.85a 18.85 28.12a 55.00a
Source of variation P-value
Germplasm (block) 0.070 0.394 0.000 0.106
Harvest time of the day (A) 0.017 0.000 0.532 0.710
Season (B) 0.261 0.041 0.000 0.000
AxB 0.736 0.003 0.292 0.131

" Means in the same column followed by the same letter are not significantly different at 5% level by Tukey’s HSD test.

30
a
z 5 T e @
(o}
- C
w 20 1
Q
& 15 A
(™=
g 10 -
x5
&
0_

8-9 am 12-1 pm 4-5 pm 8-9 am 12-1 pm 4-5 pm

Summer Rainy

Figure 1 The DPPH scavenging activity (DPPH assay) in butterfly pea flowers harvested at different times of day
and seasons. DPPH values with the same letter above the bars are not significantly different at 5% level
by Tukey’s HSD test.
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(Mlodzinska 2009) mm%ﬂum@nﬁmfﬁu (Terahara et al., 1996; Kazuma et al., 2003) wudf]mﬂﬁmﬁumméﬂﬁuﬁmm
mﬂnmmmummiuqmlu uﬂ?mmmuimi&ﬁmuummqmmnLm_|mmiuqmau@mauuﬂmmm wstlainupuuAneig
szwinameniiuieslutanaesiuiisai LL@JLNWU@%W@?QM@WNLqmmmqmqummawm‘umm (Table 2)
filastvanadsznisfitinasenisdanmiveubnlzeduluie pruuansesesanmgienne wu goumg enadlug
sienfiunnumeulnlaeniiu (Miodzinska, 2009) lughaifeungeneuuazAauinan 2560 guuniiiadn guge/mg
TnlTianniRsaenA N INENAEINEAANART ANENATUNLAY WL 35.1/25.7°C WAz 34.3/24.9°C AAANAL
Bunnuiaulnlaendu (cyanidin uaz pelargonidin) luaan morming glory ﬁmn‘*ﬁ”uﬁ@@qmuqﬁ 3 qunaunanLIY
LATALITNTRILEN Ultraviolet 5 SuriauAeNLNLANNTY (Lu et al., 2009) IuLﬂf:aﬁuLuﬁmmﬁuﬁu NNTATANUD
waulnlsenfusnesiaiu - meuauesseguupimmessumAsnei oevill cyanidins azduueubnlmeniiuii
ﬂ?émmmnﬁzgm wiilutaanguuIInauNLdn Lﬁ@ﬁuLuﬁmmﬁuﬁmzﬁﬁ"mﬂmmmu delphinidins §4n91 cyanidins
(Borochov-Neori et al., 2011) LLﬂqu"LBnmﬁuﬁwusLumnﬂ”mﬁu 18ur ternatins aauueuinlgenfundnilidinGy
lupandnyfu uaz delphinidins Fanylunendingeu (Kazuma et al., 2003) f9linsuwifandn ternatins MALAWD
m'famiLﬂﬁlﬂuLLﬂmmqumuqﬁﬁﬂM atals Prnnuwewinlaeniusnlunendtydu Tulszneudansiasing 7 289
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waulnloaniiu 2 ngudresu iludadeuiviandsenauneniuansneiuludyduaiesiugsing <) (Kazuma et al., 2003)
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dulilwinuesfeniufadeniinasaninuaunsnlunissinueuyadase aannaialidnsiu
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