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ABSTRACT

The antioxidant compounds (total anthocyanins, total flavonoids, and total phenolics) and total antioxidant activities (DPPH
and ABTS radical scavenging activity) of hibiscus teas of four different origins (Egypt, the United States, Nigeria, and
Indonesia) were compared and the correlation between antioxidant compounds and activity was investigated. The total
anthocyanin content of hibiscus teas from Egypt was significantly higher than that of other origins. Additionally, the total
phenolic contents occurred in the following order: Egypt (1295.18 mg GAE/100 g DW), Nigeria (1082.54 mg GAE/100 g
DW), the USA (1017.14 mg GAE/100 ¢ DW), and Indonesia (963.69 mg GAE/100 g DW), with the content of tea from
Indonesia being significantly lower than that of other origins. There were no significant differences among the antioxidant
activities of teas from Egypt, the USA, and Nigeria, but the activity of tea from Indonesia was significantly lower than that
of teas from other origins. In addition, the total anthocyanin contents and total phenolics were highly correlated (R=0.862),
while the relationship between the DPPH scavenging activity and total flavonoids was R=0.675. Overall, the antioxidant
compounds and activities of Egyptian hibiscus tea were significantly higher than those of Indonesian hibiscus tea.
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Aol ghiks] Ha =l 9lom, 53] HAEH vt e
Dol gk ARt ofu e}, A Fol] zka 9= kst
2 et &3 5o A77F st WegE s v Choi YM
S 2003; Kim JO % 2008)

WS WA st A|AA T 7]“ 7}7‘] §‘r‘5L &3
ok o2l HA SIS HE A, C ES’Jr o Eo]
flavonoid A, carotenoid I, polyphenol EZ o] tEZ o]t}
(Choi YM & 2003; Kim EJ -5 2012; Lee US & 2014). L
=, AHDe —?‘-’Fd kst s o QI8 A Bilo] Eof
A3 glem, 2ol FHrE o] 3= polyphenol
=2 4# 3 flavonol F7} tlE-Eo|H,

&S (+)—catechin, (—)gallocatechin, (—)epigallocatechin,
gallate 5-©]THGraham HN 1992). Polyphenol °l] Z#|3}= th
9] hydroxyl 7|(—OH)& 18] 3= gA 23ste 5
A& 7L slel ke Bt B ek 9 St |Hojyt
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o] FHoE AA 74] o d7] ®XE3}aL 03 polyphenolZt 7EL
o] AAiFet A& £, o H B =] T A BE
o =l 2o, polyphenol#}t PRI7IA &2 A<, It
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unem, dubrog ndEe) HHS X84 2 dF =4
o] A ZAZ 7= tHFarombi EO & Fakoya A 2005).
3| SH| AL FEEE AT T o, Fiks g3 3
Adx75 Gl Holk Ao g KT ) tHHirunpanich V
2006). ThFe 2k T FAAE ¥ A ~E dHEA &
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F-E-S 2R S} total anthocyanin, total flavonoid 3
total phenolics &< A AL, 2,2 diphenyl-1-picrylhy-
drazyl(DPPH) radical &7} 2,2’-azinobis(3-ethylbenzothi-
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Z3 A" AR 25 g2 80% ollEHE 250 mLE A}-g-3le]
L& o] (Philips HR-2171, Seoul, Korea)ol] £3alo] 323t o
A A2 g 23] Wb AR 283 18] F7F B &S}
At} Aol FZEE-S Whatman #2 o 2}x| o] o33+ = 3]

3l 243 ikals 41
A %27](N-1000, Eyela, Tokyo, Japan)S ©|-&3la] %3 A
AT T, T=0] 459 FEEL 1.5 mL micro tubeol] 1 mLA
B35k, —20TAA WsEaAstH, gitst 22 E47 3
2als BAlo AL

FEAJOI ek differential method& ©]-8-3%
o & S43t ?é\DHMeyers KJ 5 2003). 88| 2~A 2~ &
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buffer(pH 4.5)°ll 242t 108 3]233}<] spectrophotometer(Optizen
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nme| FFEANA ST & AL AESte] e A
Akt om, ©9l= mg cyanidin 3-O-glucoside equivalents
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A(absorbance value) = [(Asio om—A700 am)PHi1.0—(Asio nm—
Ao nm)pHas]

MW(cyanidin 3-O-glucoside #A}F) = 449.2

D(dilution factor) = &4 Hj4=

g(cyaniding 3-O-glucoside & 3414 = 26,900
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Z ¥=313HE -2 Folin-Ciocalteu colorimetric method
& o] &3sto] =438 o (Meyers KI 5 2003), EE82
gallic acid& AMH&slAth 32k 74 2.6 mL7} 284 15
mL test tubeo]] 0.2 mL¥ A]B8Z 3 7}2F & Folin-Ciocalteu
reagent 0.2 mL% ¥ 3 vortex3 3 65-7F A oA kx|
o} 7% Na,COs 2 mLA 911 9087t AL ghaoll A W] 3t
%, spectrophotometer& ©]-8-3Fc] 750 nm 7ol A =73}
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1) DPPH Radical &~7H&A
DPPH radical 53 4% Brand-Williams W 5(1995)3}
Thaipong K 5(2006)°] -2 tarste] AAIskGAT ]H]/\
7122 %+ 50 mLell DPPH &9 295 mLE 33 ¥, 30
E7F 9balo] Wkx|g F spectrophotometerS O]%O]—@] 517
nm 3P4 SG5HATh EFE Y2 vitamin CE AHE-SFA
% 3+ 2k mg vitamin C equivalent(VCE)/100 g DW

2) ABTS Radical &~7{&4

ABTS radical 227124 E3F Thaipong K 5(2006)2} Kim
E 5(2009)¢] "2 318kl ABTS assay S ©]-&-3F5Ath

ARSI @253 70TAlA 40

JES-A1Z1 ABTS solution 980 pLe} 3|8 AAL 55

7CANA 1027 ¥-3-A17] &, 734 nm TPgol|A] =38}
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Inc., USA)& ©]-83F FAHE X (analysis of variance)S 2 A] 3}
RaL, 23] f24 zto]l= Duncan®] TR 914 % (Dun-
can’s multiple range test) O 2 2|42 A3k o ATt

A= Pearson®] A& “3A|5*(Pearson’s correlation coefficient)
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= @J’]r*‘ Table 17} ‘E} o|YE, UrOVlFAO} [, 9l
ZHAJo} Ate] tEAJobd g2 717} 498.07 mg CGE/IOO
g DW, 349.56 mg CGE/100 g DW, 310.82 mg CGE/100 g
DW, 181.24 mg CGE/100 g DW ©]%leH, o] E Alo] &5
o] thE YA HT}E oAt Al =A S E UATHp<0.05).
Chumsri P 5(2008)2] Aol olehd, AZH 3H|AHAE
gﬁr eSS gujg Algale] 60T FE3 A, oeke
So] B Aol FAI3E 445.02+1.54 mg/100 g DW=

] 2=} 254 M delphinidine T2 2F3F)

A2 2ol FEAloP ] dFo|n, FH| a7 o] FH-
o Aoz d#fx 9ltiMahadevan N & Kamboj P 2009).
Tsai 5(2002)9] AT &2 2 A7 d 88|27
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2) & EelE-o|= gzt

H| 7] 2~9] & Feti ot s S4e 23, vl 7}

1 2EA] ‘@ FIA= A0 K p<0.05) o] HE Ak F]H] A~

313.91 CE mg/100 g DW, 21U Ao} Ak 3]
o] 22620 CE mg/100 g DW= UEstTH

(Table 1). M 5(2014)2] ATelx= 248 F3x0Ne
2 Ade, %L;ﬂ B3 80% olehE FEE2] AAtst A
= 05?6}931 % Aot g vlusils o, & &

% 490+0.2 mg/100 g DW, 7AUbe] 22 310
mg/100 g DW, Laa%; 170410 mg/100 g DW, &%
210410 mg/100 g DW 3o @ Ul ZelH o=t
HEFolA 718 F83 SFEZ f2715 AAFAY, &
2719] A& FAATE I Fakgl s 7|
S =5 AgBA Asy) oF Wao] 9L 7ast= 2

So] AFEAHJia Z 5 1999; Hong JJ & Ahn TH 2005).
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Table 1. Total anthocyanins, flavonoids, and phenolics of hibiscus teas

Total anthocyanins
(mg CGE/100 g DW)

Total flavonoids
(mg CE/100 g DW)

Total phenolics
(mg GAE/100 g DW)

Egypt 498.07+27.83V2 313.94+13.79° 1,295.18+ 41.80°
USA 310.82:462.92° 286.32+70.81° 1,017.14+183.92%
Nigeria 349.56+56.66° 239.82+54.85" 1,082.54+222 46%
Indonesia 181.24+42.58° 226.20424.89° 963.69+ 60.47°
Y MeanS.D.

? Values in the same column not sharing a common superscript are significantly different by Duncan’s multiple range test(p<0.05).
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Azxd su|27~e ZetE o= AlF9 gossypectin?t
hibiscetin?} 22 7¢t gt S Ad 8-S 238t Y=

Aoz d#A 9ltiMahadevan N & Kamboj P 2009).
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SR A FEES YA E F UE S5E I S
o]z glo}, ml=, QY]
Alo} Akel F wlE SIEHE S ZH7 1,295.18 mg GAE/
100 g DW, 1,082.54 mg GAE/100 g DW, 1,017.14 mg
GAE/100 g DW, 963.69 mg GAE/100 g DW°]lo, o]
E A3} ol zy|Alo} Akl zkzt dlake. 9oz} 9)A| AL} v
Al 24 ¥ cHp<0.05). Jung E 5 (2013)4 ATl e =
Ab S| a7 0] B oflgbES AMES & W e E
2ol ek vl A3, T 8l 1he] vJX}—t— e 2o
H3&kglth Kim SM 5 (2014)2] AFol e A& B2
B = %F{i;l, W3 80% e FEE9] &
3t RS ATeiaL, & A9t S Hlaskle UH

HE shgte e H\Jnﬂﬂ 1,890+110 mg/100 g DW,

e 1,730£110 mg/100 g DW, B 1,870+150 mg/lOO g
DW, W22 22 1 410+110 mg/100 g DW grEFo & 7jye]
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B 2= It} Jeong CH 5(2009)9] =3}, Holx}, $-2xf, T4}

o F d= SFE TS A7 8562 mg/g, 7595 mg/g,
83.52 mg/g, 72.03 mg/gC 2 YE}C ™, Son GM 5(2005)
o] [afe} Holxte] 80% HEHE F= e F = 3t
Eo] -2 10.15 /100 g, 6.00 /100 g & B 13}k 3k
AohalEe] kst B4 4ks) 583 v agk Wong SP &
(2005)°] AT AIE B, s]H| 27 2] F 3is SIeHE
< 2 Age] Ao} Hl=gh A Hole Ao gRldrh

2. SHIAHA FEF2| MK H Eists 24
A

12000

Z 900
e

= 600
ke
&
4

zo 3H)
=

i

Egvpt Nigeria Indonesia

S|H| AFA 29 A

O

s} =23 Pitske 43

1) DPPH Radical &7 &

DPPHE &4hst &4o] e 43 2%
= Yo FHA radical AR E Q13te] kA
t}. DPPHE 93t free radical 2 cysteine, glutathione®} 7+
£ o242 tocopherol, ascorbic acid 52| dHital B2 o
ozl FU=o] G ER ikst B0 Fiksles 54
g A], DPPH radical scavenging =% H°] Zo] o]8Etl(Jang
JH 5 2007). L2Hx] ¥ 3]H] A7 22] DPPH radical 224 %
=3¢ 2= Fig. 1A9F 2tk lv|A]o} 4ke] gH4itkst
522 481.33 mg VCE/100 g DWE THE Al 4kx]o] s}
o Frofak Al BA S EJeH, o|HPE, Hl=, oA
of 4ho] gikshee frelat gle Aoz UEITHp<0.05).
Lee JS 5(2007)2] A= FA|BUF Qzfe] ghitsl 2442
AP o, A B olte] 80% olehE FEET &
AT-] volx]glo}, ml=4k 8B~ 2~0] DPPH &4 273
2 747} 29.0140.47%, 19.23+2.22%, 20.29+3.73% %ro| Zt
SHEAT. T A9 SH| A 2 A G S0l A
U QAR tha w2 Zlo 2 ER1E Q) Kim SM &
(2014)2] ATl E Wtz o 2 A5 gfEH F vE 3
g T} EEFE free radical AT 2 Ao=E

ER T

r mlo

oo 1L ﬂtlo

2) ABTS Radical 2~7{ &4

ABTS radical s o83t 33l 585 5743191 om, ABTS
free radicale] A& W] gikst B4l 93] A AT H=
Ao] gAlE]= el & o] &dt] 54 o}‘ﬁt‘r SlH| A F
55 94X ¥ =2 ABTS radical 2452 233 23
Fig. 1BS} 2t} o|RE 4k sJH|~A 2~ FE2E2] 79235272
mg VCE/100 g DW= 1Z=u|A]o} 4} 1,451.95 mg VCE/100
g DW Ht} fojak gl =2 gikslse s 71zl 3o s
Bt (p<0.05). % o9& ¥z dxte] kel dd S =4
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R
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Fig. 1. Total antioxidant activities(A: DPPH radical scavenging activity; B: ABTS radical scavenging activity) of hibiscus teas.

Mean values with different letter are significantly different at p<0.05.
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e Z7d A 2-2k2] ABTS radical &7% #2 1,877.76+
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Fig. 2. Correlation between antioxidant compounds and
activities of hibiscus teas.
A: Correlation between DPPH radical scavenging activity and
total flavonoids and total phenolics; B: Correlation between total
anthocyanin and total phenolics and DPPH radical scavenging
activity.
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