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Abstract

The purpose of this study was to provide preliminary information for the utilization extension of Chinese
artichoke(Stachys sieboldii Miq) as a functional food material. The effects of the addition of Chinese artichoke
powder(0, 3, 6, 9, and 12%) in white bread formulation on phenolics content and antioxidant properties, and
sensory analysis(seven-point hedonic test) were examined. The contents of total polyphenols(TPC), flavonoids
(TFC), and tannins(TTC) in Chinese artichoke powder were 139.09+1.97 mg GAE/g dw, 74.33+£2.69 mg QE/g
dw, and 40.41+£2.54 mg TAE/g dw, respectively. As the amount of Chinese artichoke powder increased, the
phenolics contents also significantly increased(p<0.001, p<0.001, and p<0.001 on TPC, TFC, and TTC, respec-
tively), the highest TPC(104.27+0.13 mg GAE/g dw), TFC(71.03+1.75 mg QE/g dw), and TTC(8.76+ 0.12 mg
TAE/g dw) were achieved in the white bread having the highest percentage of Chinese artichoke powder(12%).
The ICsy values of Chinese artichoke extract for 1,1-diphenyl-2-picrylhydrazyl(DPPH) and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid(ABTS) radical scavenging activities were 1.42 mg/mL and 1.57 mg/mL,
respectively. Scavenging activities of DPPH and ABTS radicals of white bread were significantly increased
according to the levels of added Chinese artichoke powder(p<0.001 and p<0.001, respectively). In the accep-
tance test, the white bread containing 9% Chinese artichoke powder was ranked significantly higher than the
other groups according to all sensory parameters such as appearance, flavor, taste, texture, and the overall
acceptability. Overall, Chinese artichoke enhanced white bread could be developed as an antioxidant- enriched
bread with good sensorial properties.
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superoxide dismutase(SOD), glutathione peroxida-
se(GSHPx), catalase 52| 34itsl &49} a-toco-
pherol, glutathione, ascorbic acid 52| ¥t} &
A2 4 =™ (Halliwell B & Aruoma OI 1991),
254 2F g Sxste A ks 24
2 Fre A AL B A~RE F4
Aoz fAlBkE vl Efc] ErHKim EJ et al 2012).
A= AF FiE e dess SEES
3k B2} Yol 271 ©]%+2] phenolic hydroxyl”] &
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™ (Soobrattee MA et al 2005),
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(Cheigh HS & Lee CY 1993; Hertog MGL &
Hollmam PCH 1996; Cai Y et al 2004).

229 7K(Stachys sieboldii Miq)= Chinese arti-
choke, Japanese artichoke, crosne, knotroot &2-
Bl ¥E I (Labiatae) A EZA S, Uivh, &
& SAME da25E 2F 2 2A o] 8F o
2] gkt(Stadhouders PJ 1990). ZA1%9] 7154 4
F O 2= stachysoside A, meltoside, harpagide,
9] irioid ¥l A, stachysoside

B, stachysoside C, leucosceptoside A, martynoside

8-acetylharpagide

52| phenylethanoid ¥, stachyose, acetoside
o] €3A At(Yamahara J et al 1990). 2%+
FEEL S5 Bacillus cereus, Staphyloco-
ccus aureus, Esherichia coli, Listeria monocyto-
genes®] A ER-g 5t} Pt 28-S SHH(Ryu
BH & Park BG 2002), 4% 255 A+ 5
3 =8 ndox B|AAFe] =2z E7F )4
Aol E2%S FRIA7|aL, S FA E(BI6F-
10)9] #HHelE JAlete & o 2 HgukE =
AR2A 715 3P (Ryu BH et al 2002), 24
Z FEE9] ofHolAH o] E(ethyl acetate) *2]
2 a-tocopherol, BHT, BHAS} 22 &FshA]of
e BakEA A @A oA, oAkl 47

s, ATl g kst s Zhett
(Baek HS et al 2003; Baek HS et al 2004). =A%+
o] 8 7154 A4&%] acteoside= AT-A| ol A
o] 45 AT =N 4 A18E X5
E 314 o] (Hayashi K et al 1994),
B 213t Hle=d 313ES] 4-methyl ether 7-0-4
(6"-O-acetyl-2"-allosyl) glucoside,
7-0O--(6"-O-acetyl-2"-allosyl) glucoside, acteoside
£ hyaruloidase /& A3lste] A5S At
= 28-S 3HTakeda Y et al 1985). A7 5%

= AT Fogt 5 2do x4 F9 ace-
thylcholine esterase®] €/J-2 <JAl|E ®WFH, choline
acetyltransferase®] &4 7t o] X|uf < &
7} 71t =™, monoamine oxidase2] S
Alste] mzt 21739 ERAHE AEAE 5 3
o] o] AR 7I5e AT F L, xanthi-
ne oxidase®] S AA|ste] EAJikAol A
=7l ok Hx2 o] &4
T em, d=, 9 T AREE= i
o2 wale] A HQl 2 LFA(lipofuscin)2] 3 2
= Asfiste] w3t AR A 7= H T8
ete & 7oz HuEIckRyu BH & Kim SO
2004). -, Yamahara J 5(1990)2 7} %2 2] 1]
EZ=go} Y9 cytochromeoxidase A3ll, A|3E
3 A T& 2YEhE AIE ZEEKCN) 2
A2 AEl(anoxia) B R S5 RdoA =

A FEES AT TS 23 S 7Y

o7 ZAAAA HxZ o g g BHs
zZhgol 9lom, 1 7|54 JESEE phenyle-
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AR BT A AT F4 54 B HAH5)
Aol 243 28] Al #8374
afzA F4 5 2Rl 7se SR 4
o] JSEA3(Chung MJ et al 2014), A%
LS A7 T st 24 o #4454
ATLo|A] Fho| AR Bue AHrlsls AL
e o .
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2 2H|Ate] A7kl g Talo] FobrHA
A Ad 2AlE 83 A7 AgH 24
#9] 27} Z7F8H A (Moon HK et al 2004) A|
BAA NN E 7548 e T FARE Hohgh
AFEe] EEstA ML= thMin SH & Lee
BR 2008). 2% MR- Zol|A 7 @ol| AH|H
= AF o Z(Lee HJ et al 2009), ThF3r Ae] A
Ad FAEE H7Fer 2ol #Agk A7 ot
T BaEdo i Als 2 @54 54
gk Aol x, Aksd ATt minlE Axolth
(Kim MA et al 2014).
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Zpel 7158 FFste 17 7158 AW A=

o]-& Vs & HESI M| o] & &

7| A}

o

i)

fol
off of

TR

(]

o

o o

o

P

4
et
RS

& Agskast skr.

1. &8 M2 & A
w Agdl AR 232 SRR FatlA
deto] SRT= 33 A F =718 AAstka,
AF B A Z(Freeze dryer, FD-5505, IlshinBio-
Base Reserved, Gyeonggi-do, Korea)dt & #4j
(Blender, HR-2171, Artreal Huiyang Manufactu-
ring Ltd., Shanghai, China)3}°] 50 mesh A&
E3aA Buslaiglon, —20CoA Bk
A Ad o ARgslTh A Azl AHEE A s
= EWHR(SH, HIHAR), FUEEF),
A o] ~E(Gloripan), T4 HE|(M &%), EX&
FOE5-), 2u(3l ), A 7] =Al(Super 2000,
AY)E AHESh dlsd 38k o 9 @
2} 2 S7gell AR A19FI Folin-Ciocalteu’s
reagent, gallic acid(97.5%), 1,1-diphenyl-2-picryl-
hydrazyl(DPPH), a-tocopherol(96.0%), butylated
hydroxyanisole(BHA, 98.5%), 2,2'-azino-bis(3- ethyl-
benzothiazoline-6-sulfonic acid(ABTS, 98.0%), as-
corbic acid+= Sigma(Sigma-Aldrich Co., Steinheim,
Germany) ZF-E 743} L, quercetin(97.0%)2
HWI(HWI Analytik GmbH, Ruelzheim, Germany),
tannic acid(95.0%)= +Hd$}8H(Samchun Pure Che-
mical Co., Pyeongtack, Korea) & ZFE] -4} 3}o]
A3t

=

ZE Lee EJ 5(2012)2] WS 3=
slo] 2 A WE=EH(Straight dough method) -2 3}
Fom, =47 B ou) A8 AA 00),
3(S3), 6(S6), 9(S9), 12(S12)%(flour basis) % 2]
slo] 718k o, viEH) = <Table 1> 3 2t} %
A7 BE 23R B8 A5 23] AAste] AL
L3tk ¥4 HEE Al BE ARE VS
7](Sinmag Bakery Machine Co., SM-200, Manila,
Philippines)ol] ¥ 31 A&l A 28 W= £ FUY
HAlA T HEE Y1, ASolA 28, 5
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{Table 1> Formulas for white bread added with Chinese artichoke (Starchys sieboldii Miq) powder  (unit: g)
Ingredients c’ s3? s6” s9¥ s12”
Strong flour 700 679 658 637 616
Chinese artichoke powder 0 21 42 63 84
Water 420 420 420 420 420
Sugar 56 56 56 56 56
Fresh yeast 21 21 21 21 21
Unsalted butter 21 21 21 21 21
Super 20007 10 10 10 10 10
Salt 10 10 10 10 10
Non-fat dry milk 14 14 14 14 14
Total 1,252 1,252 1,252 1,252 1,252
Y C: control.
? 83: a white pan bread added with 3% Chinese artichoke powder.
% S6: a white pan bread added with 6% Chinese artichoke powder.
9 S9: a white pan bread added with 9% Chinese artichoke powder.
* S12: a white pan bread added with 12% Chinese artichoke powder.
% Super 2000: dough conditioner.
oA 1083 Wl fRElddth 12 TEe ColA] 16A1RF 51t 33 WHE F-33lo] o ZH(What-
27£1 C, FFE 75~80%2] HE oA 6053  man No.l filter paper)dt &, o] -2 40Tol|A] 3
AA] 6}03 o, HFVF Ed W52 450 go 2 ¥ WZFEE7](Eyela N-INW, Rikakikai, Tokyo,
3} =Z2]7] 3 T FHo| nfEx] GEE H] Japan) 2 7+ 5335k0] dimethyl sulfoxide (DM-
s E~i°1 Ao 1023 3 EEAR F 7F S0)E ol 8ste] 4 § -20T W@Eae] Za
25 AAstL YolelY(one loaf) o2 dPFste] s dFol AHE-sIA
21w £(21.5%9.7x9.5 cm)ell g3t 221 & % v= g Swaind Hillise] el ule}

B 3741 C, AFE 80~85%2] R A A 45
B A on, SIEF ol ES 27 180T
2 dEA17] Hl=Z 2 E(Daeyung Bakery Machinery
Co., Ltd., FOD-7102, Seoul, Korea)°|A 30%-3t
TRk X A A Soj| A vi2 A

AR B 5 Age] ALgsisc.

Z Bako] HyleRS galsle] A %3 2wk

< 547 Z(FD-1B-80, Boyikang, China)A]7] &

60 mesh XA E THAIA Ldsler Alaet =
Al sufjEke] wiebe2 H7keta, 25

57319 CH(Anesini C et al 2008). 9% F== 3
2E FE5 50 Lol 2% sodium carbonate &Y
1 mLE 7lste] 323 WAIAIZ] £, 50% Folin-
Ciocalteu’s reagent 50 £LE 7}8te] 308 F<t
HSAIZL 3 750 nmoll M FHEE SH sk
st BA2 oallic acidE ©]-&-3fo] 2H4
Hog FE Fold, Ax N8 g 5
°] mg gallic acid equlvalent(GAE)i YERA AT
% ZetHwol= RS Dewanto 59 WHS
%536}04 =731 tHDewanto V et al 2002). &
3 s=2 A" F=E 250 pLol T/ 1 mL,
5% sodium nitrite 8- 75 ¢ LE X7lste] 587
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HIR|AIZ] & 10% aluminum chloride §°% 150 ¢L
£ A7kt 6t WAA AL 9] g 1 N
sodium hydroxide 500 L& Zd7}ske] 1183 vt
SAIRL F 510 nmellA FF=E SA ST &
ZelR ol g A2 querceting AR5
298 7 AP Folo, A% AR g
29 mg quercetin equivalent(QE)Z UYERASL
.

% Bhd 32 Duval®} Shetty] WH-S @
3lo] =731 tHDuval B & Shetty K 2001). €%
TEZ 3|88 FEE 1 mLol| 95% ethanol 1 mL
TR 1 mLE 37 o
bonate 1 mL, 1 N Folin-Ciocalteu’s reagent 5 mL
£ F7lete 603 &<t HPTA] Z1 ¥ 725 nmol| A
FHEE S35tk F ehd 72 tannic acid
£ AHgsto] 2d & E% HFH 0w HE 3o

id

equivalent (TAE)

, 5% sodium car-

bt

il

\I

A% A& g 52| mg tannic aci
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4. ol-/\l-9|. 2!-/\1 XI-I

DPPH 2]z 27 %5-& Blois2] WHS A3}

o] =731 T Anesini C et al 2008). 43 &
sINE F55 0.2 mL} oflgh&o] &aiA171 0.2
mM DPPH %@1 0.8 mL=S AE3}la
E2F 43k & 517 nmol|A S3 =
ok AR s A8 A7 TR B8
g M-SR YelIlon, Als 737
Eof thall 50% §8% Has vehl=
o] FEE IC522 FAISIATE o izt
o:]
A

=
2 ascorbic acid, a-tocopherol, BHAE A48

-

ABTS 2}tz 22752 Roberta 52 WHOo =
=751 THRoberta R et al 1999). 7.4 mM ABTS
9} 2.6 mM potassium persulphates £335}aL &
a0l o7 F<F WAk Fol2 2prlZ (ABT
S HL AAAZ 735 nmellA] FFE9] Fho
15 o3/} Hl=% 5]4atsith 84" ABTS -
£ 1 mLoll 9% sEZ 4% F&5 50 pL

= 77 FEECl disl 50% 8= Aas

A 2T O F ascorbic acid, a-tocopherol, BHA S
gt

P
X,
_|>4_‘
4
J

1o
jus)

AR &2 dejslo] Az 2o
Arte 7 dg . A FdFet A 76
= AT 4 A
(crumb color), 7]F-2] ZL7|(grain size), 7|32 T
A 4 (grain uniformity), & 3Kyeast flavor), o}
SKacridity flavor), B3+ Y(plainer taste), Tt
(sweet taste), oD (acridity taste), Zd3L7d(firm-
ness), E+2Xd(springiness),
= 2] &(softness), N
T % (overall acceptability)2] 3
o 74 A=HIHS EHQ’O]
th< ol&ste] Hrtele

%% (moistness), -
3174 (chewiness), AR 7]

147H B3l s}

6. SAIX

e AP 33] o] vhE AAJsislon, A3t
= SPSS 19.0 Z213(SPSS Inc., Chicago, IL,
USA)E o]-&3te] Hia FFHAE &3,
A7 7] Ao] f-5F-+= one-way ANOVA (ana-
lysis of variance)= 23+ 7 412|717t p<0.05
oA Duncan®] ThE 9] A3

& (Duncan’s mul-
tiple range test) .2 o] S AT

s 5}6 o) 3
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2o 7+7} 139.09+1.97 mg GAE/g dw, 74.33
mg QE/g dw, 40.41+2.54 mg TAE/g dwx
Atk ol =A% 2ol 1083F2] 70%
= F7keto] 85ColA 3434 23] g
A5, & Eelvlls el 24.58 mg/gel?d
= Chung MJ 5(2014)2] A7, A% o
ol k] MERES 7hate] A-2ellA] 124171 33]
F2 AF F EueEd F SgEecls &
2ro] Z}z} 143 pg/mLet 9.9 1 g/mLo]ATHE Back
HS 5(2004)9] Aol HlelA =2 A3= et
whom, A% kol 1ou] e 70% oflehE
7} 60T 8 ZollA 25 WztehaA] 341314 2
3] FE AF F e F e
3teko] 247} 38.62 mg GAE/gZ} 221.00 mg QE/g
o]th= Lee JE 5(2014)2] A Azl 2 23]
1 HlglA F ZeldE ek gigkd v,

ZefiolE dHRe A el o] Ao

zmu A0 82, 22 401 3%, 22
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% ZovE, & S o=y} & ehd o) 3t
& Z}7} 104.27+0.13 mg GAE/g dw, 71.03+1.75
mg QE/g dw$} 8.76+0.12 mg TAE/g dwo]thZ}
Z} p<0.001, p<0.001, p<0.001)(Table 2). ©]= =
A EES R FE5 E(Kim MA et al
2014)3} AFAYF Ed(Park JY 2013)2] H715Fo]
Boldars 2w F Zelve sitE o
freld oz Stk A A+ A7 S
Aoz eyt txwe] F Zelds
e 15.65+0.52 mg GAFE/g dwell=Hl, Hrth
Fo]| 3hf-Eo] 9+ ferulic acid, caffeic acid$} 2+
< Hsd sl 7I1E A Oi(Adom KK et
al 2005; Yu L et al 2013), 2o & Zol¥&
352 19.36 mg GAE/gS. 2 H 13k Kim MA &
(2014)°] A9} Ak Aol ot 32.1 mg
GAE/100 g© & X113+ Park JY(2013)2] 45
oh we gro = UEbsith $H, Lee JE 5(2014)
o A7 Bihg 0.2, 0.4, 0.6, 0.8% H7Fste] A
g T T vlE e F SR ol
bk 247} 29.26~37.81 mg GAE/g} 28.83~
4833 mg QE/ge &2 A7} Hako] Hrlggo] S}
st Hlel fojer STkt
p<0.05, p<0.01)2L Eadle] 2 A3} FARIA
=2

et

{Table 2> Total phenolic contents of white bread added with different levels of Chinese artichoke (Starchys

sieboldii Miq) powder

Total polyphenols

Total flavonoids Total tannins

Sampl
ampie (mg GAF/g dw) (mg QE/g dw) (mg TAFE/g dw)

C 15.65+0.52° 5.53+1.32" 3.05+0.07"

S3 36.72+0.12"° 12.3941.68" 4.77+0.12°

S6 43.9240.23° 24.7340.93° 5.69+0.14°

S9 52.67+0.23 37.38+1.62° 6.31+0.13

S12 104.2740.13° 71.03+1.75° 8.76+0.12°

F-value 41,008.779" 902.035™ 905.154”"

™ p<0.001.

*7¢ Means denoted by the same letter in a row are not significantly different at p<0.05 by Duncan's multiple range

test.
Legends are referred in <Table 1>.
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{Table 3> The values of ICsy (mg/mL) of Chinese artichoke (Starchys sieboldii Miq) and positive controls
for DPPH and ABTS radical scavenging activities.

Chinese artichoke BHA Ascorbic acid a-Tocopherol
DPPH radical scaveging activity 1.42 0.35 0.28 0.44
ABTS radical scaveging activity 1.57 0.10 0.07 0.07

ICso values calculated denote the concentration of the sample required to decrease the absorbance at 735 nm by

50%.
All values are mean+S.D. of triplicate determination.

2. gl =M

%7] DPPH ) Ze] 50%5 A7 sted 22
gt TE(ICso) = 24 F2ET o txzed
©] BHA, ascorbic acid, a-tocopherol®] Z}Z} 1.42
¥} 0.35, 0.28, 0.44 mg/mL= 215 THTable 3).
ol 2ALE & TREUR FE A5 T
Al o] R M Wka, Ak 222
EE, MEhE, FEbE odolAHolE Fo & =
oblow, dEdotAHo|E ¢ DPPH 2}t]Z
2AT9] ICsoE 2.8 7R3 kA Tzl vlal
=2 ksl S5 vepdtta B33 Baek HS
5(2004)] AT A% FE=0] 500 ppm F
oA DPPH #tZE 8557% AASIATH=
Chung MJ 5(2014)9] A+ AZET}E &2 3ol
o}, M3 FEE°] DPPH &z 2759
ICso7} 46.35 1 g/mLO]TH= Lee JE 5(2014)9]
A AT} v gho 2 Uehgrh ABTS 2t
Z 2ATY 1Cse 2% FZE3} BHA, as-
corbic acid, a-tocopherol®] Z+Z}+ 1.57, 0.10, 0.07,
0.07 mg/mLZ EA 5 1tKTable 3). ol 24%
FZE9] ABTS gtz 2759 ICsoE 564.14 1
g/mLE B33}t Lee JE 5(2014)8] A+ AR}
e gholith

A% o] AbES gelsled Alxe 2w
©] DPPH }t]# &A% txae] 7P w@ta,
A7 EEe] FUbge] Bolda R frejdos
S7tele] 245 B 12% HUbek A FE5E
€ 12.0 mg/mL FEolA 46.724036% % 71 =
& kst &S R THp<0.001)(Fig. 1). ©]

2]
ol
s

£

rl

= AT B4 I3 2] gatshg 2
4 E4 A7 Park JY 2013)¢} 292} Hot
2ol 77|13 F F4 54 4 ilsleel WA
5} AA7(Lee JY et al 2011)el4] DPPH #}t|Zt A&
A& vizwte] 7Y wkon], AT Edt
23 Feuke] Hrtgko] SRS &4o] o}
Ae 5

eI Kim MA 5(2014)2 3= 22 A7} 2
o] DPPH 2t Z 2A%< 0.1 mg/mL =9
A HZ2T(1.67%)° HIEl =5 285 1, 2, 3%
H7Fekol wha) 25.52, 48.93, 69.44% = 2] 2 o
2 kst @Ao] Fketitta Haste] 2 A
ol Hla) =2 TS How, Im JS & Lee

oc
os3
Bs6
40 859
us12 b

13

o

avenging activity (%)

P

i

25

DPPH radical sc:

i

I
o
O

D000

5
s

Concentration (mg/mL)

<Fig. 1> DPPH radical scavenging activity of white
bread added with different levels of Chi-
nese artichoke (Starchys sieboldii Miq)
powder.

"7 Means denoted by the same letter in a row are not
significantly different at p<0.001 by Duncan's multiple
range test.

Legends are referred in <Table 1>.
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=

YT(2010)= Zm|7HEe] A7} vlgo]| S7hstel u
2H10~30%) & 2ol DPPH 2HZ 4A o]
19.1~283%2 F7F3tchal sto] 2 Ao B3|
W DA BT o] d Aol W] 4 9
A aRl, AW 27, 35 IS WU 9
Aksl G o d3kS mIX]H(Mpofu A 2006), E7F
Fof| Ffo] e HEs e daw v
Zol|A] syringic acid, gallic acid, ferulic acid, ca-
ffeic acid =22 F& s} SAS Hol=t
(Han HM & Koh BK 2011), A" 243 Zol| %= 3}
ksl &S FR3HK THAdom KK et al 2005), 2]
WS FE oA med =" HEiR
(phenolic acids)®] €57} S =HA HE=A 3
& Figo] sl W7FFe] DPPH S Z &
Aol 30~32% F = 745, DPPH 2z &
A a Fre sy ES IR F
Azl 7l oA AFETHYu L et al 2013)
© A AT ZRZFE] Al AMEE WU
o] T, AW =1 2 89 & 1 5 Aol
o 71Q1g Aoz AztEch

A7 Bre] Ak gelste] Az 2w

2 &k ]
9] ABTS &z &A%< DPPH &tz 2A%

i)

©u
S
]
»
S

a
=3

ABTS radical scavenging activity (%)
w
g

)
S

s

D EN
100

<Fig. 2> ABTS radical scavenging activity of white
bread added with different levels of Chi-
nese artichoke (Starchys sieboldii Miq)
powder.
"¢ Means denoted by the same letter in a row are not sig-

Concentration (mg/mL)

nificantly different at p<0.001 by Duncan's multiple
range test.
Legends are referred in <Table 1>.

~

of vlgl =& S Hlom, gixte] 7
XL, A EEe Hrtge] ST E o)A
oz Frlele] A% BEE 12% H7IeE A
10 mg/mL FXElA 59.50+0.21%2] 2A%5<
ER A THp<0.001)(Fig. 2). ©]& A7 B 7}
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{Table 4> Acceptance test of white bread with different levels of Chinese artichoke (Starchys sieboldii Miq)

Variables C S3 S6 S9 S12 F-value

Appearance

Crumb color 4.99+1.73°"  5.12+1.06° 434+132°  479+153° 4264141 5439
Grain size 4.70+1.61° 4.91£1.09° 4.51+1.22° 4.82+1.28" 4.47+1.19° 1.611
Grain uniformity 4.59+1.63" 4.68+1.24" 4.54+1.36" 4.80+1.20° 4.59+1.29° 0.449
Flavor 4.16+1.52° 4.8241.28° 4.66=1.29° 4724125 4.37+1.50® 3.003
Taste

Plainer taste 4.3241.52° 4.53+1.28" 4.78+1.29° 543129 4.55+1 27" 7916™
Sweet taste 4.12+1.41° 4.14+1 25" 4534122 5.13+1.23° 4.42+1 42° 74717
Acridity taste 3.78+1.34° 4.20+1.05° 4294118 4.76+1.25° 4.18+1.35° 6.136""
Texture

Firmness 4.11+1 46" 4.62+1.13° 4.63+1.22° 5.1841.21° 4.62+1.20° 7.108"
Springiness 4.55+1.59" 4.57+1.09° 4.67+1.23" 5.20+1.21° 4.57+1.31° 3.449”
Moistness 4.41%1.59° 4.45+1.35° 487+1.15"  5.12+131° 4.66+1.29° 37197
Softness 457+1.48%°  439+1.37° 484+121" 497135 4.66+1.23" 2223
Chewiness 4.46+1 43" 4.57+1 44° 4.80+1.25" 5.29+1.22° 4.74+1.20° 4517
Overall acceptability =~ 4.13+1.53° 4.70+1.44° 4.67£137° 5.74£1.10° 4.59+1.39° 14.006™"

T p<0.05, " p<0.01, " p<0.001.

*7° Means denoted by the same letter in a row are not significantly different at p<0.05 by Duncans multiple range

test.

Y 7-point hedonic scale(l: extremely dislike, 7: extremely like).

Legends are referred in <Table 1>.
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