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Abstract This study aimed to evaluate the physicochemical characteristics, bioactive
compound component content, and antioxidant activity of Jerusalem artichoke tea.
The Jerusalem artichoke was dried at 70T for 5 h, then roasted in the oven for 2,
4, and 6 min, respectively. The control group had a moisture content of 11.92%,
whereas the sample heated in the oven for 2-6 min had a rapidly declining moisture
content. Oven-heated samples had higher levels of crude protein and fat than the
control samples. Longer heating periods reduced the pH of the Jerusalem artichoke
while increasing the sugar content and turbidity of the tea. The brightness of the tea
decreased as the heating time increased, while the redness, yellowness, and browning
index increased. Compared to the control group, the total polyphenols and flavonoids
eluted in tea increased 1.04 to 4.34 times and 1.09 to 2.70 times, respectively, with
the heating time of the Jerusalem artichoke. The elution of antioxidant substances
and the antioxidant activity of the tea also was also increased with the heating
duration. Therefore, the results revealed that the antioxidant content and activity of
Jerusalem artichoke tea are highest when heated for approximately 6 min after
removing any excess moisture.
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1. ME

WX AR Helianthus tuberosus L.)= SOt E|7F7t Atz o Z3tat sfutar] o 4
ot thaA) A2 oF 17417158 598 SA°A 485t JAtHKim &, 2013). AR A=
A% gl WS gt At AT, obelH & WAk Bl ol el A
A ol A ZHASEAL Afufetal QeHKim &, 2013; Slimestad &, 2010). A= HHAIZA}
£ 7S AR, 943E TR0 dEE FE o8t oy, HAHAY] tfet aso] il
WA Algo=F AREoH= o] Z7Fskal thMonokhina &, 2022; Seiler?} Campbell,
2004). FAIZA] oF 10-25% THard Ao & 4#A o]wH(inulin)S IHgo] g-2,1 Ao
2 A4 AolHRE, A9 AdtasEs BoEA] i RES AU njgEe] s TR
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Eof A2 sjHdEH Monokhina &, 2022). o1& &3l
HRAAAY HFH= AdolA B3 A= JAstL, B|w
MA, SEAES 4, FASE A48 5ol e A2= I
A A Ahmed<}t Rashid, 2019; Baltaciogluﬂ- Esin,
2012; Shao 5, 2020). HAAH: £, &, 559 3
B2 HFotAY, dFoA= T HAAAE S84 A=
&% gt E3h HAFAAE A6l(Kim¥# Hwang,
2021), A7]19(Shin®} Chung, 2019), F7](Park 5,
2013), 28AA01A(Kim &, 2014) 5] Azl 473 |
&8 H7tote] 7]54do] 7| AENEE A=et AHlE
T Qch

A= JAFAAMS 71 89 S5= AAQY 7134%
% stHolH 28 DA AlE FFol w2t &AL o
ARE, gAakE LESHHChang, 2015; Ministry of Food
and Drug Safety, 2022). #A = =2t 3] HEH
of ISl o= Aol et WAl 4H|7F F7F
st Al &8 (Lee &, 2008), 4 (Ji &, 2008), -
(Kwon¥} Youn, 2014), W2(Kim 5, 2022) 53 &
7158 e & AAARE B8 29| 7ido] = 9l
o &A= AEY ofdd, o, £7], e, £ g9W 5=
EAE 2o ISk S0l 11 oS 385k 7|84

A Zo|tiMinistry of Food and Drug Safety, 2022). &
A= Am 159 9 2 AEa, f84E0] ol &
HULE A|Fst= Ao| S5, AN A E F2
(B IH2 A9 o, 44, 7], ety JE24 50l
IS ujA= £33 FAo|tHChung 5, 2006; Nam
5, 2010). AR ¥ 382 S5l stk 3|7t AshA 1,
HEAD Fa/dio] S76tH vig4siA &2 348 &
ASIZ 4= 0B 2 (Chung &, 2006; Lee &, 2004;
Nam &, 2016), A=l w& 235} 2742 vidst= A
o] dasitt VA HEE A& A3 FQ A=
55 2k oE &5 2En JEHY o)zety E4
(Chung &, 2006), AIAe} B&AF £25 H7RRE A4
o] #4 E4(o 5. 20106), ¥ 374l wE Loldu|3}
o] 7% 2 olgfetd E4(Nam 5, 2016), 55 Ax
AeE Fo Az HAFALS] FEEH(Hwang 5,
2019) 5°] 23 s} Qlct,

FZol= Y] AF7F S7eta qlon dRoA= Tl

990

HAAAE 24 A= 85t Lo, 29 21112740]

4 B0 #et AAFR] At= UE‘
2HA & AFolM e AE7E ol-&sto] =X
AAT o Q8o dof Az = T é% 5ol 94
oA A 8T + A= FHOE HAPARE A XS
Aot Azst 29] 4, A E49 g g4l &
3 Brtoto HAAAAL ARE Ag 7
17t skl
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2. Mz H WY

2.1. MWE & A/
2 Aol ARER HAFA R SHEE HAUHAFY 5
oA AeiE AZ 22l £FES ol AU E4E
Al9FEL Sigma-Aldrich Chemical Co.(St. Louis, MO,
USA), Flunk(Hekdelberg, Germany)2} Jencei Chemical

Co., Ltd.(Tokyo, Japan)ollA +YstEHt.

22 EXIZIXF S2F0[A 2 Xf TE

HAAAE 75 B2 Al Asto] o] &8 A|ASIAL AF

8ot 1.3 mm FAR At Fof =22 A|AsH] 6]
70CE 9 A¥R AZ7)(EYELA, Tokyo, Japan)ol
AGAL geo| AF o] SAIZE Bt ARAFH. AR
T AR QB0 FA| g2 HAHA SEO|AE RIS
Z olla, QBN w= AZHE 37 252, 4, 6B E
Al Es}ste] AR =R sttt Aug QB9 435t of
2L 5 BF 160CE AlFsto] vy of|gA[Z] Sof Aug-
Amo] A AR gl AE 37 IFCE Uo] 742 2,
4, 6% 32t 7HEsiginh. SAE HAAA STl AE A2
oA 30T B & B FEEE FESH] E
g3 wof go} 20T EHstHA A&

RG] AZE 3] HAFA STl AE
(KHC-1000, Kitchenart, Seoul, Korea)ol| €11 443t
3712 Bstct. 245 A= 4 gofl 80T 2 FF<4 100
mLE 7Fsto] 387 2o HAARAAE Axe £
302 &% 12,000 rpmofA F4Ee(Mega 17R, Hanil
Co., Incheon, Korea)sta] AFSHS B8 A5 519

THFig. 1).
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Heating time (min)

Fig. 1. Jerusalem artichoke tea made with different heating time.

2.3 YEHEE B3 5F

Az710A 2R AZ 2T Al5et QB4 2-
O S & HAFAY 7, 2IE, 2 9 27
W g2 AOAC(1995) W o= BAstgnt. 8- uhaf
3 A& 1 g2 Foto] Zefo] @E(EYELA, Tokyo, Japan)
oA 105C=E Axst] A4ttt R3]& ek nRafer
A& 1 g& Fdto] 3]g}=(eil, Seoul, Korea)E ©J-85}0]
000ToNA Ag2jahi o2 EASIT 2elEe Alg 2
g= ot A5 dHE 47| (Kjeltec 2400 AUT, Foss
Tecator, Eden Prairie, MN, USA)Z A&}t A4
2 A& 2 g& Foto] diethyl ether® $&3%t & Soxhlet
FZ7|(Soxtec System HT 1043, Foss Tecator, Eden
Prairie, MN, USA)Z A5}t

24 5%, pH % Bt =&

PGS G FEA(PR-201e, Atago Co.,
Tokyo, Japan)@ Z%3}%t}t. pHE pH meter(420
Benchtop, Orion Research, Beverly, MA, USA)Z &
otoinh. B EHR HARAA o HS FHoto] 138
A-A Fel(pore size! 0.45 pm)&E A5t Fof 334
EA(Infinite M200 Pro, Tecan Group Ltd., San Jose,
CA, USA)E o]&3t9] 550 nmolA SJEE &35kt

2.5 ML L M3 1F FX

HAAAALY] M= M2HA (Chrome Meter CR-300,
Minolta, Tokyo, Japan)Z ©]&3ta] (L', lightness),
A% (a", redness), FHE(D, yellowness) S =459
o A BAS 9je WA BEWO L 97.10, a gt
+0.24, b3t +1.75%t}

HRAGAALS] ZASE 2 #(browning index, B+ &

https://www.ekosfop.or.kr

5t MeghS o AARAof tidste] &5kt
Bl = 100 [x - 0.31] / 0.17
where,

X = (a*sample + 175 L*sample) / (5645 L*sample + a*sample
- 3012 b*sample)~

2.6. ZH=Y 3fglF Y FE2HEL0/E B8 24
HAGARY] FHEd dEE T2 Singletondt
Rossi(1965)9] <& #gsto] S45k3ith A= 0.5 mL
©} 0.5 mL H& A% Esto] A-2o)4 387t WA
Aot o] &) 1.5 mLY 2% Na,COs& H7kst H 4
29| AAofA 247 FF HREAIX] & EFFEAR 760
nmoA FFEE S0ttt EETAL gallic acidg
ol 8ot Ao, AR 1 mLE e FH= T2
mg gallic acid equivalent(mg GAE)Z HA|5I¥tt.
RG] SR SETE 0|E S Woisky2}
Salatino(1998)9] WS ¥t AU AR 1
mLe} HgkEo] &aAIZl 2% AlCl; 1 mLE Egote] A&
9] a4 158 Bt BREAIZ] o)l 430 nmolA 8%
£ 243519, BEEZAIL querceting ©]-85Fo] A3
R, A= 1 mlE FFd FEHELO|E FE mg

quercetin equivalent(QE)Z eI

i

[¢]

2.7, B3 Y 55

AR DPPH 2HHd AAE/AL Cheung &
(2003)9] WS ®Pste] Aot AlE 100 pLo]
0.2 mM®| DPPH |4& 5% H7Ioto] 37ColA 3087
WAl & BRFLAR 515 nmollA &FeE A5t
%th. DPPH & &ALZL AR Aot Alg 74
7HtEe] 4= Aolg %2 AAtete] YERT)

HRFARRS] ABTS gtt)z £AE/32 Re 5(1999)2
H-S Wygsto] 24519l A9 A1z Ao 7 mM ABTS
9 2.45 mM K308 UA0lA 24417 B HHEAIA
ABTS'E F4A1712, 735 nmolA &33%7} 0.17+0.03
o] HEE oehZE F]4ste] AFo| A&t SBEE
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ok ABTS' €% 0.1 mLe HAZAA} 0.1 mLE &35t
o] 37ColA 3087 BHAIZl Fofl, B FEAE 085
o] 735 nmollA EBEE SAotoch ABTS gtz &4
B2 Am A7 Alm 7S] S8 AolE %=

A4tste] Vbt

HAAAALY] Y2 Oyaizu(1986)2] HH-E WP ot
o] 2434tk A& 0.5 mLol pH 6.622 =HA 20
mM QA #E8AT} 1%9] K3Fe(CN)sS 22 0.5 mLA
MY Z do] 50ToA 208 59 WhgAIF T ¥h-g-of
10% CCIz:COOH 1 mLE 37bsta 4£2(12,000 g,
158)sto] 58S 1 mL FHotal, T72t 0.1% FeClE
247 1 mLA Yol Egatt. E3gEARZ 720 nmollAl
4% B FHE R SHgith

28 EAHEA

= A2 33 wHESto] S4S So Byt EEH
A& Yerch ti2atat A9 o4 AEE R-
Studio(Version 3.5.1, Boston, MA, USA)E ©o|-&s}o]

W“
frt
N o
10

EAHEA(ANOVA) & AF-A%(Duncan-multiple range
test)oFRLH, Fol4ES p0.052 HAsH

3. Zaf 3 JIFE

3 7 OIH[-A‘IH
27104 Azt

%EM&?J YRR EAZ T Table 13 Atk AZ7]9

A AZAR 5 QB0 HA] 2 diER2Y] 22 11.92%

AL, LEOA 283t 7HEe AR 22 10.58%= Tha

Ao, Qo)A & AZto] 4-622 % Sl w

FE FFS 8.35%01A 4.46%= &
A A} oA 160T 9 L2004 7} Sh= Ao
71 HAAA ;Ho] Fofl FSF5h= AlTto] Eofu
1 7 FHo] 7R3t o] EFo] AAa%t ACE AleH
o} & A7" APATolA 2-14% J 7}% ]Zl% =1
2j5}od Zﬂ_:_?_ SA(Hwang & o
25.14%°14 0.24%= % io}‘;’iJ_ 12—24#]%1 e Al
7+ delsto] A3t F7)(Hwangd Lee, 2021)8] &
T 4.24%04 1.95%=2 F4sto], QES o] &3t
Al 7FEAIZEO dojd s ARl IRE 2 dadhe

A st

—_ .

HAAAY 23 E FFe 13 AX § QB0 FA| &
2 ARA 6.41%2 YENEL, QB4 2-62 5t 7}
Aot A BNME 6.52-6.69%% UEI} FE= A7t ©E
SAAY Aol Kol Aokt 2o FHFS | -} Az
T oo FA @2 tiRTolM 1.24%2 7P W9kl ©
BolA 2-682 B9 & AROIA 1.26-1.42%2 Z7F51%
oh RAE QEoA wA] gk tE AROA 0.30%%

7P @2 RIS e Y, we ARl BlEsto] 0.43-
0.55%714] S7Fhe ERASHAH. ole HAFAE 289
A 7t Alzto] Zofgol] ek Ao e
o] Z4lsta] 7 stefo] 7EASHY 7] wiEo]| Fehalyl ZA]HE
o] FHiAQl Hlgo] S7HE AR AtrEch

3.2. 5, pH ¥ EE
+ ARk g5t Axg EHXV‘X}XH F, pH 3
EPE 274 A= Table 291 Zth 13 A% 3 80| &
Z] Ok YA AR FEE 5.23 °Brix® 7W ok,

Table 1. Proximate analysis of Jerusalem artichoke tea made with different heating time

Measurement Heating time (min)

0 4 6
Moisture 11.9240.20" 10.58+0.33" 8.35:0.05° 4.46:0.01°
Crude protein 1.24+0.02° 1.2610.00° 1.340.01° 1.42+0.04°
Crude fat 0.30£0.01° 0.43:0.05% 0.5240.10° 0.55+0.03°
Crude ash 6.41£1.30 6.65+0.11 6.52+0.29 6.69+0.12"

"Data were the mean+SD of triplicate experiments.

2dy/alues with different superscript letters within the same row are significantly different at p¢0.05.
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Table 2. Sugar contents, pH, and turbidity of Jerusalem artichoke tea made with different heating time

Measurement Heating time (min)

0 2 4 6
Sugar contents (°Brix) 5.23:0.06"%? 5.40£0.00° 5.77:0.06° 6.300.00°
pH 6.43+0.00° 6.42+0.01° 6.17+0.00° 5.58+0.01¢
Turbidity 0.12+0.00° 0.13+0.00° 0.17+0.00° 0.46+0.01°

"Data were the mean+SD of triplicate experiments.

27 %yalues with different superscript letters within the same row are significantly different at p¢0.05.

i AlFte] 2-6E7HA] F71ete] whet A ARARe] F e
% 5.40 °Brix°lAl 6.30 °Brix& &oHlth. ol SR A
STo|AE QBN F= &S HAHA ] SHE o]
ok, @AY Al7to] AojdE HAAA e gaE A
o] gEo=o] 84 FHYTBLE ASHL, G755
HEE s Azl BlFste] SAGARY] =7t STt
Aoz AlgH Jung¥ Shin(2017) HPLCE ©|-85
AR RE fEdE E45=Tl, sucrosed
Zol 7P =%, 1 FE ©]o] fructose, glucose,
galactose?d €02 =22 35T

12 A4z & 80 g4 e HAFAAY pHE 6.43
o= 7P} =0k, 28 59t 2 AR pHE 6.42,
42 B & HARAA] pHE 6.17, 6% & A%
29| pHE 5.588, 2E0]A 7FESE Al7to] Zojflof w
2} pHe #Aacks A%FS Eth #HAAAE malic
acid, citric acid, succinic acid®} 22 F714HS 55t
I o (Jung Shin, 2017), SHAZAAE 7Hsot=
oA 710l Qs R7lARE0] HARA}F HHO| Wol =&
HojA A A= fd f o 22 {74HEC] €A &=
E]o] 29| pH7} Wobd 4= Qloh. 3L 7 Aol dojR
of et HAAA ] FE fEET ofn|icAke] mlolofE
Hkgo] ZP=HA Aol Hojx|1l, Amadori AHiEZ
AXEA FEH 4020 pHE AsHAX] A0E AR
HiLevin® Ryan, 2009; Sung® Chen, 2017). go}
H2KLee 5, 2009), GABA 3 A u]AHKwak, 2010)
9] AZoME A7 F3 AlZto] S7Igtel weh pH7F 3
asto] 2 Aot AR FE EIlHh

13 A4z & QB0 ¥A k2 HAAAAY Hre

0.122 7V WL, 2-627H4] F= Alkte] S7eto] w

Eh

© o

https://www.ekosfop.or.kr

t

g B = 0.13-0.400.% F575] $7FdZ gelskelt
A7 AFAY ol HxHLee &, 2009), GABA g5
2K Kwak, 2010), $YxHKwonI} Youn, 2014)9]
oA FA e Alzto] Aojilof we} §rrt ZoplE
Sk, ol= & AlZte] AojFlof wEh =R ZHAL
H 84 AEol &&5H0] HTl HoAE AoE Alm
th(Kwak, 2010).

Jo

)

I

Lo
do o BN 1z v

ot

i

3.3 M % ZMS} X|H

e AZHE gEste] xS HAEAR L] HEE 27
St A¥= Table 3% 2t} 12} AR & QB #A] &2
HALA Eetol Az AF o] YE(L)E 46.81=2 713
L9k, AR SEto]AE QB A Fi= A7to] 2-68
Z713tol| whel TS 46.749014 39.248 349
StAc AME()E gR2E AlRIAM 0.252 71 @
| YEr T, F= AlZto] 2804 6E7HA] F71eto] whet
12 0.269014 3.642 718kt FAE(h)e 22l
53002 7Hg Y2 S UeRlla, FARRY] # A
o] 2804 6E7HA] Z7Feto] wah FHEZES 5.520]4]
1.9482 2 Zoz Z7}stqrt.
HAGARLS] MEZE o]-gste] 243 st A1
A%, dF2FIME 10.842 7FF R, HARA &

\linﬁlom
-r'_v_,l">’l'm§

N

(ST

—_

ek, AAEet Szl 271l thet ZAIs AR
T %o 272 yehin
A7} o] hsiEo] Hol T4

(i
1>
ﬂ-‘hl
flo
k1
‘

1o
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Table 3. Changes in Hunter's color value and browning index of Jerusalem artichoke tea made with different heating time

Measurement Heating time (min)

0 2 4 6
L 46.81£0.01"2 46.7440.02° 46.1540.14° 39.24+0.04°
a -0.25:0.01° -0.2610.01° -0.35£0.01° 3.64+0.04°
b 5.30+0.02" 5.52+0.02° 7.4140.08° 11.94+0.01°
B 10.84+0.54° 11.85£0.46° 16.52+0.85° 42.48t1.57°

"Data were the meantSD of triplicate experiments.

27%yalues with different superscript letters within the same row are significantly different at p¢0.05.

9Browning index.

QBolA B B AR THE FAGH obuliib
o] BZAHQ tolok2 ¥R YR AWNGS AN
WA EHMo] o9 st asty, 24skt A
wA Aot AL S7bsHe Ao A gud
L GLETt B24E, 7HAAZI0] AojW4E 245
o oleidt W3S B3] LA Wile Be A2 Ho]

gElo] A1F9] #sARl 4ol F7IettHRufian-Henares
5, 2009; van Boekel, 2006). & A7H] A3 Aol A
T €%(Chung &, 2006), °FZ(Hwang &, 2013), %%
(Kwon} Youn, 2014)9] 4%, 7tgst= AlZto] Zojxld]
et P WolA| 1l AME e 9 ZPHSE A He F
7¥ohe 2102 HilEo] & Auel fARE A= UEith

34. SH=Y 35l ¥ FE54/E50/E BE

LEoNA Fe ARk 2Est] A2t HAFARY] &
Hed shEdt SEtEkolE AgE 24T Ade
Table 49 2t FE¥e IF2 Hzz A=A
44.78 pg2 2 7P WAL, HAHA S0l AE 28004
HE Aol 2-627HA] Aot wet SEDHE dFS
46.46-194.31 pgO 2 YElo, ol tixof Hlg) &

E2HEo] oF 1.04-4.3487H4] S7Fst Al S5
Hiolt o2 thx AlEA] 19.86 pgl 2 7MY Rt
o, AR S| A9 THEAIZR] 2-6R7HA] HofRl9
o} 21.71-53.64 gl = R Ao H|s] °F 1.09-
2. 7081714 S7FsEoiTt.

2004 A E otH AF WREEZ o] o] =HA
o] AgEo] U™ EF¥E 9 St ot SRHE]
Z5o] 3Fo] Tk AR dH¥A SUtHHong &,
1998; Ravichandran 5, 2012; Yu 5, 2008). WatA]
7FEAIZEo] HlEsto] HRIHAL &of HE FHlEA okt
3 ETEEo|E7t g4 §EF0] U WA dhge] 57t
gt AoE Almdth. B AFHO AYPAgME &F
(Chung %, 2006), Z=A(Kim &, 2006), &{Kwak,
2010), 23 AHLee 5, 2013), +9(Kwon¥} Youn, 2014)
2 L8 S ARAAAE, & AL} FARSHA 7HE
|7to] Aojzlof Wt olF AlF erE JHlEA SRtE

o ol F7He Ao HIHL Utk

i)

oo L

>~

3.5, gt 24

7tEAIREE EElete] Azt SRR dtet 84

Table 4. Total polyphenol and total flavonoid contents of Jerusalem artichoke tea made with different heating time

Measurement Heating time (min)

0 2 4 6
Total phenolic content (ug GAE?/mL) 44.78+0.62" 46.46:0.61° 98.20+1.21° 194.3145.03°
Total flavonoid content (ug QE¥/mL) 19.86£0.85¢ 21.710.81° 27.6240.32° 53.64+0.81°

"Data were the meantSD of triplicate experiments.
JGAE, gallic acid equivalent.
90E, quercetin equivalent.

“2y/alues with different superscript letters within the same row are significantly different at p¢0.05.
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[N

% A= Table 59 2t} H{A7AALS] DPPH 2
Z A&7 G2 2T ARNA 19.88%% L, 7HEAIZE
Zoiho] wat 30.26-57.04%7HA AAGA 0] Z7)5}
o HAGAE 283 48 B9 0B 7tE A A
9, A2 DPPH &tz A7 &4 7+ 30.26
4 56.56%2 2 A=) Hs) z+zF 1.52 E 2.85819]
DPPH =tz &AZAo] S716kiH

HAAAA] ABTS' etz &7 844 3% 4t
23 A= ABTS' et £AZAL 35.14%A 1, 7}
HAZro] 2804 6EZEA] FIFEel whet 45.02%0041
67.78%7HA] 7ot itt. HAIAALY] 7EEAIZto] 48 H 6
7R 715 Al&9] ABTS' 2tz &AL 2+
Aol Blef 27t 1.688 € 1.938474A] F7Fotdt.

HAAAALL FAH e FHATl BlF ot FTok=
A& stk &, 14 AR & QB0 #A] &2 2T
AR TFLL 0.3602 /M WS $X5 ey, o
BollA] H&= AlZto] 2804 6RoZ Aoy mEt T
TR 0.38914 0.97744] wotA o] I71st A<
gelstrt.

7t ATl H]Esto] gHakst EAdo] Frkohe AL i
Q1 Akt B4R g7l EgjdE 9 SR kol SR}
o] A E Bl 7ol At arE =0l AeR
AtEET Hwang 5(2013)2 84 Al 2 =5 9
oo ofZol|lA A= AP fFY B 2L &

ZtElolt g ST Ax, EAE ARto] ZdojA|al
7}

T

Z

¥ O O o

S7t gopdaE Aok wls) 299 JE2 Aokl
Aok Hsh 219 EFulE 9 ERtE k0l ] &4
Zr 1280 2 11 E S7HekE ERIsIT: of&d, EAE
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Aoz AdHA QUthNie 5, 2019; Sun 5, 2006). w2HA
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AL &9 F7IE o]ojAl= FA AR AHE UE=
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Table 5. Antioxidant activities of Jerusalem artichoke tea made with different heating time

Measurement Heating time (min)

0 4 6
DPPH radical scavenging activity (%) 19.88+2.18"% 30.2616.59° 56.56£0.13° 57.04+0.53°
ABTS" radical scavenging activity (%) 35.1441.42° 45.02£0.37° 59.05+0.81° 67.7810.75°
Reducing power (absorbance at 720 nm) 0.36+0.02¢ 0.38+0.01° 0.79+0.03° 0.97+0.01°

"Data were the meantSD of triplicate experiments.

22y/alues with different superscript letters within the same row are significantly different at p¢0.05.
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A% F QBEOA 7FFekA] %2 tfRF9] $E-2 11.92%
A, QEA 2-68 F% 7HES AR FE-2 10.58%
A 4.46%= FAD] Aottt AR 23E TEF
2olA 6.41%2 UeRFI, QB4 2-68 52t 7}

ol

e rlo 2

3t Al RO A= 6.52-6.69%F YO, ZFE AT w
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- HARAE 2200 e ARl wlste] SRR
Fo} e we ARl vlFste] S8k, pHe
o AR} FE(L)E 7HEAIREe] Dol
wheh W2 Zhe BW, HAE(a), FAZ(b)t 2 7]
H= 7FEAR] HFste] EobA. SRR de At
o] 71l w2t A £ofl & Fve st &2
Hiol o2 dizgol HIs) A4z 1.04-4.34¥ %
1.09-2.708] S7Fst3let. SA@Ae] 7FEA|Zo] dojd=
= HAHAAZ AxFPe o FAter 22| &) STt
of Aot Bk ot Rlstlnt. wEbA SAEAR
S AT 4 it 249 Y, e BAS 1T o
TS AAT Fol 22914 62 B de e AAe
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