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The biological activities of Zelkova leaves and the quality characteristics of
Zelkova leaf rice cake according to leaf levels

Jeong In Shon, Na Young Kim, Myung Joo Han
Dept. of Food and Nutrition, Kyung Hee University

Abstract

The objectives of this study were to determine the antioxidant and cytotoxic activities of Zelkova leaf extract
and the sensory and textural characteristics of Zelkova leaf rice cake. The ethyl acetate layer of Zelkova leaf
extract showed the most effective DPPH radical and superoxide anion scavenging activities. The residual layer
of Zelkova leaf extract exhibited potent cytotoxicity against the HeLa cell line. In the sensory evaluation, the
color and taste of Zelkova leaf rice cakes were not significantly different. Zelkova leaf rice cakes with
20%(5.18), 25%(4.94) and 30%(4.88) added Zelkova leaves showed higher overall acceptability than 0%(4.06)
added Zelkova leaves. In the textural analysis, the hardness of the Zelkova leaf rice cake increased slowly with
increasing leaf content during 3 day storage. The cohesiveness of 25% and 30% Zelkova leaf rice cakes
showed no variation with storage time but that of 0% Zelkova leaf rice cakes decreased with increasing storage
period. The “L” value of Zelkova leaf rice cake decreased with increasing leaf content while the "a” value of
0% Zelkova leaf rice cake was lower than that of 20%, 25% and 30% Zelkova leaf rice cakes.

Key words : Zelkova leaf rice cake, DPPH radical, superoxide anion, cytotoxic activity, overall acceptability,

textural analysis
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&4 - P3Ug - dBF 51

WA Aol A F7Y ¥, dF, &%, & 59
AREE EFAY, wERAY, &, $HE, Hol, &
H 59 ool B 5L wigsled JEFY #8S
ol2qon o sHA9 FFAE thgsiA &8t
A% F7E Z7H BIFENoRE o] &5tHTHLee
CH ¢} Maeng YS 1987, SAA 1993). BgFEA 0 ZA
9 ‘o YR £ 49, 29, T EE, F
AR, Gl £& F7A A, 718 FAd 9
9, A7 B A & 94 a9 sEy F
go] ofE Hld & FHo] e AR A e &
Bz a(REEERD) s Fo] AThAAU 3 1978).

LEHHS PaAVFE “EHUFY oUdE HA Al
2o A wARYHo g FrdE e =69, 57t
29T e Z2HUE, MRS FAHLRE B8R
g <gElE>dE 49 29 EP o A U
AR, FSTMIEH "SEJVICERERD.AE 4
4 299 ZHd =EHE & Hedn AvkeldF
1998). =ElURE fEved oiyg dE, 35,
32, Adgol, 8 9 g Exse =FU5H
2 88Le Zelkova serrata Makinoo|tholsl =E]Y&
Zelkova leaves@} 3TH). FEGHA)  BFRLERE) - O
GFCRIER  =EH IR = - ST o2 E87]
T SthAEHA 1999). =EUFY] Arle EE %9
26 m AS ¢ 3 m o Aol 2~7 cm, YH] 1~25
cm, 9] A& 4 mmP Xl Yol YI FTELY
52 4 ZEURS Qo] g2 vah 2gY 1 o =
guUirt Atk SEUE oA AMEETd e A4
g, I, Ao EFst] THAFLE o&FHo ok
(A3 1978). Fitayom EJLS 1A, AZ,
A4, 4%, e, ¢kl HE, o)k Fo oz ol&
SR THAEE 1999, o] g E 1996).

Aol ATEe B AFAAg] BE ZEY
2= 4% A%, B3 JAYY FUHE 7HAA HA
th. 235t BB Holdy EXHA HEY VM4
o] 7} HAL ¥ ol A4E FHPFo) EFstn
ks Ao wet 4g A FjAE e SEEo] wof
A3 Qi 4tsle] o AAHE AT A5 AL
DNAS &4AI7IAY &g 33t A7Y] k3héte
BAT Qe Aoz 48A Jdth £ dFdN= LA
B AFAEY 2AR oty & =E ALY 4
27, AXE4adE 2339 =g99 Ad8de

- 469 -

stetaln =E]YY F7AEE 2E s Axd =HY
9 JEEE AR AFse 549 A ws
okAle A5 FEY =EHg /Mdsty] AT 7]
2282 g3tz ok

n. Aol

I

R

1. MEXIZE

EQEE AHY 2RdA F7E FEFANA
AHe s2E B FAStA AdH E7E AASD
I gae PAFEIE oA dw)g FASE 12
AZE AXFE F AAA 24 E6E @ F roller
mill2 28] ARstd JFRBSEA AP A&
t 222 AX FAY, TS B4 EEL AR
T BEAA AlY] AFEF #e AT BILEY B(F
7% o]AA FE2WE B B A5t 08T A
Aol WA F As]F 800 goll E1C ATF 1 Ts
Arlete] okd BolA 3087 HobA ALgatgTh

ff

2. =E|9| Mgy

1) =ejde] & 2 £9

ZEYY & 9 2YL =69 30 goll F7F 250
mLE 7late 4% 5 EF Y4y eE F2 H
ARste AL E FEEF A FFHT 250 mLE
7tste] 4Xt FE8d JB(e E FEES Fota] Al
22 ogsirth q4# & FE98 AW w5 ¥
B3¢9 39 etherE ST F 2T otd A2 cther
23 3o F&96) 2u]9 etherE THI F AT
ether® & Jalo] E=38lgch Ethyl acetate, butanol,

I Zelkova leaves (30 g) + D.W (250 mL) th Reflux & filtrate

1
|

Water extract ] Residue + O.W (250 mL) I 4h Reflux & filtrate
| ]
| Total water extract J
Extract with ether | Ether layer (0.01 g) J
(1st: 300 mL, 2% 200 mL)
: [ 1
I Ethyl acetate layer (0.06 g) l | Aqueous layer
Extract with ethyl acetate I
(1512300 mL, 2" 200 mlL) |

| Butanol layer (2.43 g) | IResidual layer(0.8685 gﬂ
Extract with butanol

(1st: 300 mL. 2" 200 mL)

Fig. 1. The fractionation of Zelkova leaves
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52 e Ay 2 =69 A7gd BE =HEY FASHY

residual layer®= 2 WY oz &3¢ tHFg. 1).

2) =81 &89 3} &2

EY FEE 289 1,1-diphenyl-2-picryl hydrazyl
(DPPH)E o] &3 AR 253 superoxide anion
radical &A%< Xiong Q 5(1996)2] Woz &4
8to] ICs0(50% Inmhibitory concentration) .2 W-ER]

L.

3) e FEE ANEFA

2 A4 AFESE p388(Mouse lymphoid neoplasma
cell line)™ HeLa(Human cervix adenocarinoma) A3
% AEF edozny poue Agsgr
MTT*(Carmichael ] 5 1987)& ©]&3lo LE|Y &3
9 MEERE SR FH HEFLE adriamycin
£ A+ &5t ) 96-well microtiterol] p388 cell- 2 180 uL
of 4x10%cells/well, HeLa cell& 180 pLol 3x10° cells/
well 257} HEE Asto] ¥ p388 cell 24|7F
Hela cell& 24A17F E¢F CO, incubatoro Al QF3 SHA]
Zh 281 =EY FEFEE 1 mgmly FE=
DMSO9] =2l & ==y 2 welld] 718le] 443t 37C
9] CO, incubatorel Al vj 3t & MTITA<F 50 ul(2
mg/mL in PBS)S Z7t9] welle] A7FSIEL plateS 44]
B Mg & MAE 2o DMSO 100 ulE
748k 540 nmollA] ELISA reader2 Z+2+9] viability &
2589

3. =ElY A=

=Elge AE wPulE JEEIE FIAE o
Table 1614 HE uig} o] A7MRE 7|E2E F
dL 0, 20, 25 30%S AISATHARIE 1997). P&
7tFd #, 2FE 49 20 meshed] Ao A1 =EHA
S HEUE 4 F HEAIE 7 duF AV =

O

Table 1. Formula of Zelkova leaves rice cake’

s 2

Ratio” of Rice powder Zelkova Salt Honey

Zelkova leaves

leaves(%) ® © ® ®
0 200 0 2 30
20 200 40 2 30
25 200 50 2 30
30 200 60 2 30

V" Add mashed redbean(30 g) for only sensory test.
? Rice wt basis.

S5z FE] A A22A A 45.(2000)

AF A B HEBEAVE 7+ BRI 15 g £HE& A
ES g3 gAUtE 42 AL dF F gdd F

A9 B1E 15 g& F3AF ¥ ¥ Ho-

4. =E|Ho| & EN

1) #5734

LEY A/MFE g3 =HYS Axsy g
A dd 1739 Hde AFste] 2% 24 3085H 4
Al 308 Apold]l FEAAE AASAT =HYY H
71ES 293 “EHYS 328 /AR AIRWHSE A
st FAlol "ol AFsEth A E(color), Hi(taste),
A Z(texture), A1 A5 =(overall acceptability)S
74 FA=WA=$ Atk 7=vl¢ Fhez Hrlet
At

2) Texture &4

LEYe] ArfEE gElet] Axe =EEE0, 1, 2,3
QA7F 20T AAFH & 1x1x1 cm Z7]E ZE} Rheometer
(CR-100D, Japan)& ©]&-5}o] Table 29} 7S Z 70 A
Z+ A 29 AAhardness), S 4l(cohesiveness), ©Y
’J(springiness), 7 #d(gumminess)S 53 wHEsI S
Zstarch

3 HAES

rE|" e MEE Colormeter(JS-555, Japan)E Al-E-3}
o L, a, bES 4 A8 gun HYE 234 ¥kE &
3tk

5. SAHIAzE|

EX AT+ SAS programE o] &ste] FHA g RFE
AAE Tt BF5AAL texture, =S AFgE
ANOVA9 9Jsta] 94 AFE shler daAd
o] $2A4& duncan’s multiple range test® ©]83}]
p<0.055EN A AS AT

Table 2. Analytical condition of Rheometer

Sample size Ix 1x 1 cm
Table speed 12 ¢m/min
Chart speed 3 cm/min
Adaptor diameter 1 ecm
load cell 2 kg
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1. =E[9le] da|Ey
1) DPPHE: °©]§% AAs9F
DPPH radical 2 radicalg Zre 2 FA ¥ 3

d
AT sHEoIY FAst 84e e 22& vl
Fits @4 EZo| DPPHY radicalg &AXNYIE &

gl g3 d@gol Wi w2 P
E 2004). o] WHL &4 radicald] AAE Fo 5t
A AsLE AAATIe AER AMSEHIA g BT
ofel Q1A WA &4 radicale] €%t k=3}E A
e g9 AEZE o]&H JYtHChoi JH ¢ Oh

g mEY FHE £

g9 ICso& ZF73% A3 Table 3014 B uieh 2
o] %’*}9}—-0] Q2% caffeic acid9] ICso3k& 029
g/mLo] Y3 Q F=HE B39 ICs52 total extract

3.85 ug/mL, ether layer 0.38 pg/mL, ethyl acetate layer
036 pg/mL, butanol layer 0.51 pgmLZ YEGR
residual layer= 49.14 pg/mLZ DPPH radical 227 5°)
wokth =Ede &8 HAVFe] IUMEFE sk 9

EHo2 A2ATol FVHEIL 55 Y F ethyl
acetate layer7} -2t DPPH radical &A%& RQlth
= A= Kim EY F2004)9 HAHALUYF(Rosa

davurica Pal)9] DPPH radical 27A% &423 9 Lee

SK 520048 =t7URs FE2EY e S

Z A3} ethyl acetate layer’} DPPH radicalS 7}& &3}

Hog AASUE HIA fAG Aoz yehyth

E[ A2 residual layerE Aot BE £33 oA DPPH

radicalo] &EIHHOZ LAFHO 45t o] 5%
L2 et

Table 3. Active oxygen scavenging activities of each layer of
Zelkova leaves extract

ICso (ug/mL)
Zelkova leaves DPPH Superoxide anion
Total extract 3.85 0.43
Ether layer 038 0.37
Ethyl acetate layer 0.36 033
Butanol layer 051 0.48
Residual layer 49.14 4.90
Caffeic acid 0.29 0.32
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2) Superoxide anion radical £7%

AA 0 A AEFL A2oA fHdH AEEA
oHFSt B2} JEiQ] triple oxygeno] A€M, WA,
slehakg, AR E S &3ty Addn ols &4 &
2d % A FHs A FPEHe AZH}AEES
v 235t ofg] AW FASEE AT gt AsHH
HAZ QA% AF 7l ZAE oMls &Y diF
o] FdHor AAHA ARG W FE3t= A
gz s sty AEH2E WA FoE2EN UE
A Yol HrE A, AEFANE Foist =4
B2 A4 522 fig FE&E 3t AR g4
AU tHTrush MA & 1982, Aust SD & 1985, Kim EY
= 2004).

‘-—E]C” ZZ5 H.3 9 Superoxide anion radical /\71

£ ICxo2 veRd ZF3be Table 33 Zt) kst
%@ o] "ol caffeic acid®] ICsodk2 0.32 ug/mLolii
o =]y total extract 0.43 pg/mL, ether layer 0.37
pg/mLo} Q31 ethyl acetate layer ICsogk-2 0.33 pg/mL=E
SHAkEl gado] wold caffeic acid®] ICsozk# FAHSHA
t}elyitl.  Butanol layer: 0.48 ng/ml, residual layer+=
4.90 pg/mLg YeERRth Jeong ST 52004 LA E
259 23l &8 superoxide anion radical AA
02 233 A7 HEFEEAAN FAiEsE YE

2 Aol BT o R WE}‘X;’YE}. fﬂrr’f}/ﬂ &
P FAsES 7 = Y 877 ok SR

ol

3) A Tel HF MESA

HeLa (human cervix adenocarcinoma), p388 (mouse
lymphoid neoplasma cell line) A EFEo] g €] Y
222 poe AXEHYZY ATE Fg 29 39 1
BN glth Hela celle] thsted A ESA @ao] o
oJit adramycinS 1 pg/mLoA 64%, 10 pg/mLoiA
12%9] AL BEELES VeI Hela cello] gt
LEY FE2E 239 AEXEH a3E Fg 294 BE
ule} Zro] total extract: 1 pg/mLelA} 72%, 10 ug/mL
oA 61%, 100 ugmLelA 60%S] AE HEEE Vet
Ul 1}, Ether layer:= 1 pg/mLollA 100%, 10 pg/mLo|
2] 91%, 100 pg/mLoA 82%<] AX J&&& el
1t} Ethyl acetate layer= 1 pg/mLelA 91%, 10 ng/
mLe A 90%, 100 pg/mLolA 62%2] AX AE=g=

A2 7t A A|22F A|45(2006)



54 =egY BA94 4 =69 Ahge) BE mEg

total extract(60%)¢] M ¥ BEEFH [FASHA JEbich
Butanol layer= 1 pg/mLoll A 98%, 10 pg/mLell A 81%,
100 pgmLelX 77%¢] AE &S JeRIATh
Residual layeri= 1 pg/mLolA 80%, 10 pg/mLolA] 60%,
100 pg/mLolA 40%9] ME HEEL JUegdo o=
EIEEH v HE 1 residual layer’/} Hela celloj]
A AEELYEH}T 52 A2 UEsith Kwag IS
¥} Back SH(1993)2 ©3355E2] ethyl acetate layer’}

£ layerd]l Bl A Eo] M AEEHB4o] 5o
woly BS99 3. Han E] SQ000)% B 25E9]
HeLa cell 3EE&S ST 27 EE oA Ax
=4 HAHUTL E3F] ethyl acetate layerol) A A EE4
37 Jehd Ao E—'f’—%}%’i‘:}-

LEY FEF 232 p388 celld)] jste] vm <=
Q1 adramycin®t} @& AEEFHo] el
Adriamycin2 p388 celle]l thalell pg/mLolA 51%, 10
ug/mLo A 12%¢] AEAESES YeRI oy =g
9] total extract:= 1 pg/mLellA 100%, 10 pg/mLolA]
91%, 100 pg/mLojA 88%¢] AME AE=gS e
t}. FEther layer= 1 pg/mLoA 100%, 10 ug/mLoiA]
95%, 100 pg/mLof*] 84%, ethyl acetate layer= 1 pg/mL
oA 98%, 10 pg/mLelA 95%, 100 pg/mLo) A 84%<]
AE BEgS e AT Butanol layer= 1 pg/mLo
A] ether layer$} ethyl acetate®] 1 pg/mL 239} v)523}
A 100%8] AME FEES YERIIL, 10 pg/mLeA
94%, 100 ug/mLelA 8 F AEgo] 7/PF I
64%2 FERA AT} Residual layeri= 1 pg/mLolA] 92%,
10 pg/mLofA 83%, 100 pg/mLollA 80%<] MXE A&

100
X —— Total extract

80 > —e— Ether layer

60 —A— Ethyl acetate
layer

—o— Butanol layer

Viability (%

40

20 —»— Residual layer

, —+— Adriamycin

1 10 100
Conc.{ug/mL)

Fig. 2. The cytotoxicity of each layer of Zelkova leaves
extract against HeLa cell

S22 B85 A A28 A435(2006)

ﬂEzg

& Hof p388 cellol] thgt A E=4%S LS butanol layer
7t 7VE A JEsth o] A Shin MK 5(2001)
o AF-olA widA=7Y BEFEZESY p388 celld
gt M EEd el vwstd-S ul ethyl acetate layer
9} total extract7}t M EZ=AJEFo] Holjurhs A=
T2 vhehgt »

HeLa cello] t}5}o] total extract9} residual layer’} Al
EEgddo] vetsted ole FHEuld &=}
e AESHEZ] TR Jedzt AlRHT
p388 celld] sty w2 XA butanol layers} <3+
o AEFEE Uehd 202 RBol p388 celle] 43S
ZHHoE ANIA Bohe Aoz vehgch

2. =E|He| E& EM

1) Fs3A

BE ez 0, 20, 25, 30%2] =E]dS H7}
S ZE]H Y FFHALE AAIF EF = Table 404
B uke} Zo] =EYo Mxel i g F
7t WE {988 vehR ggtey A7, bt
A As=ANAE Fo80] veEth =8 FVMF
< 2 e A f9Xo] gue AFAE=
Lee HG $} Back HN(2004)2] “E]7}2E2 )3 =¥
oA 4%2] =E|7}FE A7 =Elgo] 71 ¥4
BrHE At AddE t2A JEigsd B dT)
Ae =HYE FAUetr] dEQ ez AZHch
LE|ge g g 20%(5.18)L AUE Ego)
0%(4.24) AZ}e Grtt 22 Fde] Jeldoy =g
9 HAUbF ME FI82 gk ZHL 20%(5.18)

100
—#&—Total extract

—e— Ether layer
60 r
i —a— Ethyl acetate
layer

40 —e— Butanol layer

Viability (%

20 - —><— Residual layer

—+— Adreamy cin

1 10 100
Conc.( pg/mL)

Fig. 3. The cytotoxicity of each layer of Zelkova leaves
extract against p388 cell
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[53

I} 30%(5.24) A7 =E|Ho] B 0%(3.94) AV}
g "Wyt EA Jdebgc JeFEd A5EE =FH
9l 20%(5.18), 25%(4.94), 30%(4.88)& A7l =HY
o] mE Y 0%4.06)E F7/He Huok A Jekt
Lee HGS} Han JY(2002)9) &4 7155 A7t g
29 71FE 127 AVlsldE AEert ¥ B
2383 Kim MN(1994)9] B3712E5 6% 5 H7Het
g9 Asz=rt HF Fux Easgch Lee HGS
Baek HN (2004)9] =¥]7}2&E A7t =HHM=
LEZIRE 4%E AR W AS=t Mg F
o1 stgoy ol B 1R FHE Fvistd 4
el Aatojth

|

2) Texture &4

=YY #AEE g8 AR =HEH(IxIxlmE
20CAA AZste B¢ g2 540 A1y
(hardness), -2-% A (cohesiveness), 2] (springiness), 7
Z4 (gumminess) & &3 A& Table 5~8o UER
sA=d

A3 (hardness)> =E1AN-& H7ISHA] &2 Ho] 0
olsjol 268.60 glem’olA A 197 194623 gl o2
ZASA Z7heg ti(Table 5). 18V =ElQ S 20%3
Jtet mElge U] 260.66 glem’, AF 14

B - AUg -

ki 55

L?l'l

43039 gem’2 A% 1949 0%F7H3E (194623 ¢f
)T WmsA AT F77 A9 Sl ALz Y
gtk “E Y 25% A7keh @& 0Yel 255.69 glem’,
395 1058.08 glem’E UEREI 30% =€ dES I
meo o] 22520 gem’e] ZAIAol A 2UA
584.41 glem’, 3UA] 864.01 gem’2 =E]Y 0, 20, 25%
A7k =EgRY guA Fvkste 28 & 5 Aok
a8z = Y #Frtge] IVHEY gitd =EHY
9 AP g aHer IF F U ALE UEH
t} ol AvpAle & "o ARFE AATE F A
T Lee HG 9 Han JY(2002)¢] £47], Lee HG ¢}
Kim HIQ000)9] A @79 22 Aok

27 A (cohesiveness)E B2 0%, 20% F7He 9
oA AF7] WME FAge] UElEitHTable 6).
EQe ArPeA Ee Fol 0dA 76.42%0A4 3Y
A 27.43%2 AF7)17k0] HojAFE dopyth =€
2 20% A7 “EHL 0Qx ) 77.76%N A 345l
57.71% 2 UGEREd =EAS 0%37HG |99 29A
(58.62%)¢F ¥ SFAAE Jeldth =HAES 30%
A7tsta e o 0Uol 8721%9 S0l Az 3UA
68.75% 2 JERFTh 25%$F 30%9) =EJYS S H
& AR7ZL wet f9-e] dEhA stey 0%

o LE|Qe A/IF He A 39A 2AA Fageh

lo,

Table 4. Sensory scores” of Zelkova leaf rice cake Mean = SD
Ratio” of Overall

Zelkova leaves(%) Color Texture Acceptability
0 5.29+1.05 4244125 3.94+143 4.06+1.14°
20 5.00+£1.22 5.18+£1.38 5.18+1.19° 5.18+1.13"
25 4.88+1.27 5.06+1.20 4.65+1.22° 4,94+097°
30 4.65+1.41 4.76+0.97 5.24+09° 4.88+0.86"

F-value 0.79(p=0.501) 2.05(p=0.115) 4.25(p=0.008) 3.80(p=0.014)

D1 = dislike extremely, 7 = like extremely

25¢ Means in a column followed by different superscripts are significantly different at the p<0.05 level.

Table 5. Hardness(g/cmz) of Zelkova leaf rice cake during 3 days of storage at 20C Mean + SD

Ratio” of Days of Storage
Zelkova leaves(%) 0 1 2 3 F-value
0 268.80+86.61" 1946.23+375.93" 1954.46+559.89" 1962.72+417.31° 22.53(p=0.0001)
20 269.66290.05° 430.39+163.82° 1209.64+319.88° 1777.74+319.50° 30.64(p=0.0001)
25 255.69+46.05° 485.03+273.06° 882.19+269.62° 1058.08+273.19" 11.95(p=0.0002)
30 225.20+70.63° 334.24+126.01° 584.47+77.44° 864.01+299.69° 14.26(p=0.0001)

abc

"Rice wt basis
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Means in a column followed by different superscripts are significantly different at p<0.05.
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56 gy 4284 ¥ =69 APl BE mHge FA5y

&9 4 (springiness)E =E|S FAUlEA P2 Ho)
045 70.75%NA 194 79.84% % Z7}sith 3UA
65.96% 2 ZtAstEtHTable 7). 2y 20% =E]99)
B2 0UA 69.15%01%03 395 87.18% 2 A&A
L2 FUtetATh 25% AUb =E9e] #3442 0d
7 76.66%, 3AA A 79.32% = VEFSITE 30% =E]9 9]
g2 A7 el Fgdol YA 2okth
Lee HG ¢} Han JY(2002)9] £47] AoA] &7159
J7HFol F71Es5E d8yo] EoRkigda syed
2 47247 =g Azt @E Hole veEA &
gt

4 2/d(gumminess) 2 =E]A-S HUISHA @2 Hol
0UA] 58.11 glem®, 20% A7} WS 6891 glem’E
20% A7IE "ol 0dA =2 AFAHELE UL
(Table 8). 0%E A Y3t 20%, 25%, 30%S H7FgF -

899 JAGe AE I8t 344 20% A7HE 9
& 33708 glem’Z 7HF ESEAL 30%E 24371 glom’,
25%= 189.62 glem?, 0% 11695 glem’s] &£o2
< Z7FeS Jeldh Lee HG ¢ Kim HI(2000)¢]
FAE AN REIHNE JAUMg) ZATFE A
Aol wopitks AFH} Aolzl ALt ol 2 4
ToA =EHLE JHFR AV Aol oln =EHY
AAZ A7V R7] dEe] e do] FUsA Hole
gl AV de Aoz Aggo.

olde] AAE & w =Edg FUs] gslo A
71 el =EH e AnPS aAHo= A5
L =Elde FrtFol 7 2 JALAI A
Uelgth =EHe RN =HAS FrlekA g
oA Agste B¢ A FasAoy =Ed 3
7ol EUMEFE ARV B2 WEst YehtA

Table 6. Cohesiveness(%) of Zelkova leaf rice cake during 3 days of storage at 20T Mean+SD
Ratio” of Days of Storage
Zelkova leaves(%) 0 1 2 3 F-value
0 76.42£10.62" 64.26£12.16" 58.62+13.95" 27.439.33° 15.56(p=0.0001)
20 77.7619.37 69.91+7.91* 58.52+14.5° 5771475 4.43(p=0.0284)
25 81.04+11.39 69.07+12.71 732 18.04 68.6 19.46 1.06(p=0.3628)
30 87.21£11.06 78.27£12.27 76.76+10.81 68.75+10.23 1.17(p=0.3548)
*»Means in a column followed by different superscripts are significantly different at p<0.05.
"Rice wt basis
Table 7. Springiness(%) of Zelkova leaf rice cake during 3 days of storage at 20TC Mean+SD
Ratic™ of T Days of Storage
Zelkova leaves(%) 0 1 2 3 F-value
0 70.75+5.25% 79.85+6.65 77.48+2.90° 65.96+3.98° 6.30(p=0.0063)
20 69.15+5.33° 75.1845.42% 78.97+5.2 87.1810.79° 9.18(p=0.002)
25 76.66+7.23" 67.93+4.73° 71.4746.67 79.32+1.85° 3.62(p=0.0453)
30 73.41+5.85 70.88+12.20 75.09+5.71 73.8415.68 0.20(p=0.8941)
***Means in a column followed by different superscripts are significantly different at p<0.05.
"Rice wt basis
Table 8. Gumminess(g_/ﬂz) of Zelkova leaf rice cake during 3 days of storage at 20T Mean+SD
Ratio” of Days of Storage
Zelkova leaves(%) 0 1 2 3 F-value
0 58.11£12.75° 29.92+76.78" 273.54+101.46° 116.95+54.68° 13.71(p=0.0001)
20 68.91+18.05° 113.54+62.03% 230.84+58.2° 337.08+173.3" 7.76(p=0.002)
25 64.91+18.63 99.54+57.78° 187.74+55.59" 189.62+68.71° 6.92(p=0.0034)
30 53.98+17.91° 71.76+28.12° 132.42+19.38" 243.71+169.55 4.86(p=0.0137)

ab,c

"Rice wt basis

B2z B A A2A A45006)

Means in a column followed by different superscripts are significantly different at p<0.05.
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Table 9. Hunter’s color value of Zelkova leaf rice cake Mean+SD
Ratio” of
Zelkova leaves (%) L-value a-value b-value
0 89.93£1.05° -1.58+0.13° 12.07+0.53
20 68.13+0.03° -1.11+0.06" 7.90+0.44
25 65.55+5.64™ -1.05+0.11° 9.73+2.5
30 59.85+7.09° -1.01£0.09" 12.07+4.09
Fvalue 33.37 26.61 2.79
(p=0.0001) (p=0.0001) (p=0.0862)

2b*Means in a column followed by different superscripts are significantly different at p<0.05.

"Rice wt basis
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