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Summary

Sponge cakes were made with different portion (3, 6, 9%) of Encommia
ulmoides oliver leaf powder (LP) and bark powder (BP), and their quality
characteristics such as pH, specific gravity, viscosity, volume, specific
capacity, moisture content, and textural and sensory characteristics were
measured. pH of the sponge cake batters added with LP and BP were lower
than that of the control, and decreased as the increase of LP and BP added.
The specific gravities of the sponge cake batters added with 3% of LP and
BP powders were almost the same, while those added with 6 and 9% were
high compared with that of the control. The viscosity of the sponge cake
was greatly increased with the increase of LP and BP added, and was
proportional to the increase of the specific gravity. The volume and the
specific capacity of the sponge cake without addition of the powders was
the highest, and it was decreased as the quantity of the powders added
increased. The baking losses of the sponge cakes added with LP were
different, but those added with BP showed no difference with the addition of
different quantity of the powders. The moisture contents of the sponge cakes
increased with the addition of the powders, and those of the cakes with BP
was higher than those with LP. In terms of the color of the sponge cake,
the lightness (L) and the yellowness (b) was low compared to the control.
Specially, the sponge cake with 9% of LP was dark. However, the redness
(a) of the cakes added with the powders were higher than that of the
control. As more the powder was added, the harder the cake was. The
adhesiveness, gumminess, and chewiness were higher, while the springiness,
cohesiveness, and resilience were lower than that of the control. The cake

added with 6% LP, and 3 and 6% BP showed almost the same sensory



characteristics as the control. The cake with 6% LP showed the most
overall acceptance, and the cakes with LP were more favored than those
with BP in overall sensory attributes. In conclusion, the functional sponge
cake could be prepared with the addition of 6% Encommia ulmoides oliver
leaf powder with good sensory characteristics in terms of the distinctive

taste and color.
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I. A48 % 3y

T A T A AN Fhske] 33 AAHF F 2em AR A

THEo] 40mesh Ao Wg] dH &7 &

FH AR FEAGAA A FEUHFAAS Sem Hol® e s2E B
13] #o] 100g# 70TCo WMol 2083 & thy 2EolA 7243 Ad Az A
o} #2171(Shinil Electric Mixer Smx-4000DY, Korea)el 100g% Yo 8+
A3 40mesh Aol WA L&) Ho] -20TeA BEr sy AL

~
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D F5 43 A2 225 /M 28x A0l A=



AT

A=e]l S Baker's percentage W (34)% ©]83to Table 13 #o] A3}
o™ Mizukoshi®] A|Z=WH(26)S EEfste] zdAAlAE Az tHFig.1).
Aol A ¥k A 78 mixer(Kitchen aid K5SS, Kitchen Europa Inc., Brussels,

Belgium)& AF-&-3}3 T}

Table 1. Formulas of sponge cake added with Eucommia ulmoides oliver

Leaf powder Bark powder

Ingredients FBY (%) Control(g)
3% 6% 9% 3% 6% 9%

Flour 100.0 2000 1940 188.0 182.0 1940 188.0 1820.0
Sugar 120.0 2400  240.0 2400 240.0 240.0 240.0 240.0

Egg 150.0 3000  300.0 300.0 300.0 300.0 300.0 300.0

NaCl 2.0 4.0 40 40 40 40 40 40
Leafl & yoniope - 60 120 180 60 120 180

Bark powder

Y Flour basis

2

1>i
i
rob
(ot
%

Z(Mixing bowl)el

Qi 2vhe® 30x7F Aol = ¥ AY, &9 58 ¥ w71E EFF9 nhgl
A AT S FASES dte] 27 ® 20&1F Aol FAvh EFFNe] 2R
24CE FA8HY. £9xe dus solFal SHoR 107t 98 § 1de=
30%7F Aol 7S AT, ofF EFES HtSIIdA oA FF A £

7 oEl A Bws 3299 /52 A HA 9a 728 A48 503 Ao

NES RS olu MELEE 23~24TE 2YsHAnh

N
L
It
il
M
>
>
v

s

3 W(inside dimension 14.8 cm, depth 4.5 cm, inside volume 770 mL)el
200 g& ©a M-S vpge 7FEA 33 e A TAS 7o & 7IEE AlA
3 & ddA7l A7) "3 2B (Woo-Jung Co., Buchon, Korea)2 ARg3dto] SI&

70T, obFE 160T oA 18%3t #7715 3F3ivh.

—



Mixing bowl Egg
l
Mixing Speed 2, 30 sec.
l
Mixing bowl Add sugar, salt
l
Mixing Speed 2, 20 sec, Speed 5, 10 min.
v
Stabilization Speed 1, 30 sec.
v
Mixing bowl Add cake flour(with leaf or bark powder)
!
Mixing Hand blending 50 times
v
Panning 200g
v
Baking 170/160C, 18 min.
v
Cooling Room temp. 30 min.
v
Keeping Room temp.

Fig. 1. Preparation of sponge cake added with Eucommia ulmoides oliver.
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(4) 2=AXA o]l A9] T
2AX Aol A SRS T H9 3gS FHI ¥ convection drying oven
(FO-600M, Jeio Tech., Daejeon, Korea)d ©o]&3sle] 105C AdrtdAxzHo =

SA4s3lth
(5) 2=AX| Aol 79 TH
Z~HXAlo)m o] dHe tAE 7 H(C-2000zoom, Olympus, Japan)E ©]-&3}

of Algel JhvEiztel A, AWM FheEAA o] EolEs A FAIsHEA
2AqAA o)A 2lg& FFskslnt

=

(6) Z=A A A o]z Mz

Azd =AAAlelAE 25T =wollA 2443 WAk 5 6.0%6.0%2.0 cr=
Aerdte] MapA (Ultra Scan PRO, Hunter Laboratories Inc., Campbell, CA,

U.S.A)E A}83}9], Lightness), a(redness), b(yellowness) #< =41t}

(7) =BAA o)A A7

AzE 2fJAAAE 25T ENA 24A12F WA § ohg ~H|AAA 0| A9] F
AR B S 4.0%x4.0%3.0cr= Awsle] texture analyzer(TAHDi/500, Stable Micro
Systems, Surrey, UK)E ©]83}] texture profile analysis(T.P.A.) mode® ¥h&

SASATE. S XS Table 29 #oh
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Table 2. Testing conditions for texture profile analysis

Parameters Conditions

Probe type A/TBL

Pre test speed 2.0 mm/sec

Test speed 1.0 mm/sec

Post test speed 1.0 mm/sec

Rupture test distance 1.0 %

Distance 50.0 %

Force 100.0 g

Time 5.0 sec
(8) #H57A}

|70l =0l tet WsHIHE sh7] Heto] AlolaE dEste]l A2l 6413

AR 5 2x2x2.5 are] A7 ek 74 A AR g 27i8S &7 Ho

7 2 EF A7 s e Soldt. H7Ee] == 9-point scale scoring test Hr

we} AL THE).
©) Azt BA A7

zb o tiste] 33| WbE AFsigion, o] Ao A= TA A&
72#¢l SPSS win 12.0 PCY %4 Program$ ©]&3lo], A|8E5 7+9] o xfo

ol

_

+ AF$ 7% (Duncan's multiple range test)2 E3to] a= 0.05 FFolA FoA4

& Axsh

O
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~HR| Aol ol H7}EE7] Yste] A Fd T A3 FEUF AE EEo] dukA
w5 A% A= Table 33 Y. 75 49 RIS 6.70+0.13 g/100go.=

0.81 g/100go.& F= ol Hr} oF 328 =& &gakS By X3E gFHFe & 3

ol7F slttt.

Table 3. Chemical composition of Eucommia ulmoides oliver (g/100g)
Dried leaf powder Roasted bark powder
Moisture 6.70+0.13" 5.45+0.01
Crude protein 15.86+0.12 3.75£0.05
Crude lipid 4.16x£0.12 13.18%£0.81
Crude ash 5.46%0.09 5.40%+0.04
pH 6.06x0.00 6.35+0.01
1) Mean £S.D.
A%, A9, 2% & EFeel EFAL WE F awsle] BEo A% T3

3+ Table 49} 7t}

72
delA vk, Aoz wEHLE aF9f pH WHHE Hou A FHom A9-AA H

_12_
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ola W59l pHi= 7.3~7.6 o]ojofut Alojae] BEAS & Y 4 Advia &t
(40).

Tableoll WepdH 213} o] thx7"¢] pl= 7.460% yepskon T3 o &% 3% 3
7b Al pH 7.31, AE Y 3%E HUME 2|A Aol Wk pHYF 7.352 UERY,
pH 7.3~7.6 Mol &3tz Aolagx a7 FHi& ofg 71x EAd ugzas 243
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Table 4. pH of sponge cake batter added with Eucommia ulmoides oliver

Sample pH F-value Sample pH F-value
Control 7.47+0.02Y4? Control 7.4740.02V%
Leaf 3% 7.31+£0.01° Bark 3% 7.35+0.01°
745.595 367.037
(0.00%*) (0.00%**)
Leaf 6% 7.27+0.01° Bark 6% 7.25+0.02°
Leaf 9% 7.06+0.01¢ Bark 9% 7.16+0.01¢

(* : p<0.05, #* : p<0.01, #=** : p<0.001)

1) Mean £ S.D.

2) Means in the column with different superscripts are significantly different by
Duncan's multiple range test at p<0.05 (a>b>c>d).

AAHoR & W FF A7 42 E2e Avhe 28 Ae| A uk59] pHE
Bop wgken, 35 o3t Ad S0 Hrbge] gobdas dopA= A¥dE
Hl o= 75 ¥ Ad B9 pHYF wol Hrbee] woldaS pH7E Sropx
Azt F5A4 B8 Hue £ 9 2% A7 w9 pHrl vha ubth
A oY B%S Hubek @A AelA AzoA wkEe] pHE tIZ2T 6.5000 A4
Hed 7% #7b olMe 6.228 of e HUiEe] o7F @5 gashdvs
| %

ol At

!
PN 1 )
o ¥ I
o o forr

N
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2. B59 HT 2 w5 H

Qe mEe 5487 e AEY e} M= go] LEE 24T AQe
$A8 Aeold F% Q3 AR BE Asld 2BAACD wEe] ¥E(Specific

gravity)S 543 Z3+= Table 59 #t}.

Table 5. Specific gravity of sponge cake batter added with FEucommia
ulmoides oliver

Sample Specific gravity  F-value Sample Specific gravity F-value
Control 0.4840.01"% Control 0.4840.01V?
Leaf-3 0.48%0.01°¢ Bark 3% 0.48+0.01°¢
41.792 48.306
b (0.00%**) b (0.00%%)
Leaf-6 0.51£0.01 Bark 6% 0.51+0.01
Leaf-9 0.54+0.01% Bark 9% 0.57+0.01%

(* 1 p<0.05, *x : p<0.01, *=** : p<0.001)
1) Mean + S.D.
2) Means in the column with different superscripts are significantly different by

Duncan's multiple range test at p<0.05 (a>b>c).

i

Tableol 9} o] x4 WE=9] H]Fo] 0.48+0.012 7P wton =5 AA

Wt 9%E HIeE 2\A Aol WSS H|TE 0.57+0.01% 7 A YElYa, 75

AN

JI AA EEs A4 6%E HIEE Rbso] 0511001, 75 4 A4d BE 3%E
A7bgE W2 0.48+0.01 otk AAA R & w FF ¥ HAA TES HIMS
@A Aol REFe] HFS xRt 77 3% H7lelA = Aot fllen 6,
9% A= o F718led(p<0.05). 7% A3 AA F29 o] moldFE 7o
A W HFo] oA AS & F AU

Aol WFo] vjFE AT HF AFAAMY ARE 5T 4 At Aoz b
%9 HF2 wa g Fo o9 g Felo] glom H|F Fho] ¥E 4 F wse

AT T ARE oM uE AFe ¥3) F7he) Aol frk. Aola e wF

_14_
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Table 6. Viscosity of sponge cake batter added with FEucommia ulmoides

oliver
Sample Viscosity F-value Sample Viscosity F-value
Control  24983+945.16"? Control 249834945.16"
Leaf 3% 33783+404.15" Bark 3% 29533+1342.88°
84.910 56.234
) (0.00%+) . (0.00%+)
Leaf 6% 35033£781.56 Bark 6% 32716+£700.59
Leaf 9% 38200%£1690.41° Bark 9% 34383+680.69°

(* : p<0.05, #* : p<0.01, #=** : p<0.001)
1) Mean £ S.D.

2) Means in the column with different superscripts are significantly different by
Duncan's multiple range test at p<0.05 (a>b>c).

AP =S F(50), AlolA Wk HEV) =il HlFo] wegE Huvt AX
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z@AAe|2Y B3, N & F7] &4

TZ A AA 2% AU gEletd A xe ~AA AT RS Exx]5
< o]&3st] SAHg A= Table 73 #2t)

hintd

272 H37F 1055.96 cc® 7V FA JElgoed A4 B4 995 H7psk 2%
AA Ol A7F 893.21 ccE 7P WA YEHa, AAHoRE F5 43 AA EHo

kel FAE5E ol Fadtan.

Table 7. Volume of sponge cake added with Eucommia ulmoides oliver

Sample Volume F-value Sample Volume F-value
Control  1055.96+17.10V% Control  1055.96+17.10"%%
Leaf 3%  1016.75+3.33" Bark 3%  1010.37+9.17°
58.92*% 165.%2*4
Leaf 6%  999.36+467° "7 Bark 6% 915395270 007
Leaf 9% 955.06+5.56°¢ Bark 9% 893.21+5.18¢
(* : p<0.05, #x : p<0.01, #*x : p<0.001)

1) Mean + S.D.
2) Means in the column with different superscripts are significantly different by

Duncan's multiple range test at p<0.05 (a>b>c).

AAl 7FE Aol wbsel FARE o]l TAY D& Theke AeF R

T kel 2SS Pale gasiidrks ARG5S fAs o 2R U
oglo] HARE A7t 4T WATUE ALY W Wil 2FA o] 3

o] Hrk A ¢ & AN

H]-§4& Table 84 Yepdl A3 o] =7} 5.26 ar/g= 7HE =/ HEbF S

_17_



3%E A7t ~A\AAA e 5.06 ai/g, To U 6%E HIIS 2AAA A
ai/g, T A 9%E HUMS AfAACAE 4.77 a/g o2 JEgoen, HAE B2
3%E b 2AAAAE 5.03 ar/g, BE EE 6%E HE 2AAANA=
4.54 ci/g, A2 2T 9%E H7ME 2#\A A A 4.45 ai/g® e F
H7bek ~AAA oA Hhe A BE HUbe 2#AA Ao HA Ao =A e
Stk T 49 gA EEe Hupe 2fAA el HAAHL B Fd we BE
ZFe] 7 9L ATHp<0.05).

Table 8. Specific capacity of sponge cake added with Eucommia ulmoides

oliver
Sample Specific capacity F-value Sample Specific capacity F-value
Control 5.26+0.02"%? Control 5.26+0.02"%?
Leaf 3% 5.06%0.02° Bark 3% 5.03+£0.02°
123.579 950.503
(0.00%+*) (0.00%*)
Leaf 6% 4.95+0.05°¢ Bark 6% 4.54+0.03°¢
Leaf 9% 4.77+0.02° Bark 9% 4.45+0.02¢
(* : p<0.05, #* : p<0.01, #=*x : p<0.001)
1) Mean = S.D.

2) Means in the column with different superscripts are significantly different by

Duncan's multiple range test at p<0.05 (a>b>c).

sre7t Ede HURRE A#AA AU AFol HA TS IR KA
AG3)NME 2 AL H el Srbgtel whe vjEA 2 Fashs d¥dE U

-

dlthn Stk B AR FF 9, A4 wel Al wet grrnn
WA H o] gradtel ool A3 & A3

FE 9% AR Bue AFe desel Az sEAAA B £4E 54
2
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Table 9. Baking loss content of sponge cake added with Eucommia ulmoides

oliver
Sample Baking loss F-value Sample Baking loss F-value
Control 8.51+0.16"%% Control 8.51+0.16"%
Leaf 3% 8.57%+0.097 Bark 3% 8.56+0.24%
5.455 0.543
b (0.025%) . (0.666)
Leaf 6% 8.39£0.06 Bark 6% 8.49+0.08
Leaf 9% 8.15+0.19" Bark 9% 8.40+0.10°

(* @ p<0.05, #* @ p<0.01, *=*=x : p<0.001)

1) Mean = S.D.

2) Means in the column with different superscripts are significantly different by
Duncan's multiple range test at p<0.05 (a>b>c).

AFS TEE A FAE w5724 wEe b g deln spage] AFe
Z AgHE 77 FAAAE H3e o] vhgo] dojuA e el Ae] F
AR g4, dade WA AR T3 2 ZAwMuks Solu W] 4

FS71%kel S7hEE Hj o] e MM RE B/ AFE WA 7|4
= AR dEA duHG6). T QEAA Hi

FEY dWrAQ 542 Begd @AV ded, v FgdA Y 4 F2
wo] 4o ofste] AlojAe P2 W] dojuf BeFo] B HW, FEE
Fw8 A AEHE HA HW 35719 IR Aejae] FIE FHATIY

H

=
atal, o RE 5% 43S FAEHA Ak Havt

A A Hi= BAHANA o] &4 8.15~8.57% AEE YEIRon FF o &
T 3% A7 8.57+0.09%= 7V¢ =okil T3 o % 9%d o 7pF e 4

7l 8.15+0.19%5 HITE 7% < #ES HUks Aol s HA BEs Hutst
Aol A HLE 77] E2o] ¢ Zth 1Y, A2 BEE W2 AHAA A SR
& AR Hrbe] 7 S izl vl A vebdtial stej(57) 2 Adde
whdi o] S ey Sl
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Aola Ax Al F5 A7 AP Bdo H/FSE 2Elste] Az ~HAA oA
FESFS 543 A3 Table 107 2t

T 49 Ad 2 A Al 2T R SRS w%eH, 75 A EEs
7be wRuE Ad 2Es UM AETe R A dEwth s dEs
A 2 9%s H7FE o] 27.99%% 7P wokow A &9 3%s HUbE o)
24.63%= 7H¢ SHA dEiEt 73 43 A4d BEs #1be Alelad FEEEE

YT 3% ArblAE 2
(p<0.05).

Table 10. Moisture content of sponge cake added with Eucommia ulmoides

oliver
Sample Moisture F-value Sample Moisture F-value
Control 24.4740.31V? Control 24.47+0.31V?
Leaf 3% 24.89+0.39° Bark 3% 24.63+0.25°¢
40.374 163.677
. (0.00%+) b (0.00%+)
Leaf 6% 25.55+0.33 Bark 6% 26.68+0.19
Leaf 9% 26.99+0.07° Bark 9% 27.994+0.13%
(* 1 p<0.05, *x : p<0.01, *=** : p<0.001)
1) Mean = S.D.

2) Means in the column with different superscripts are significantly different by

Duncan's multiple range test at p<0.05 (a>b>c).
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Control Leaf 3%
- - o

Leaf 6% Leaf 9%

Control bark 3%

bark 6% bark 9%

Fig. 2. Cross sectional view of sponge cake containing leaf and bark of

Eucommia ulmoides oliver.
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@A A o)A A=

T A3 A4 BES Hbs 2#8AA A R A% 4 A3= Table 113
2o, W x(lightness)E& YEME Late &7 80.64= 71 A YelHt A&
Ho wel Lko] zo]lE yeldo], 5% AE 3%= H71e9S W 65.6302 71

ok 5 o B 995 HUhsk ~mA|Ao]A e Late] 49.330.% 7 k)

Table 11. Crumb color values of sponge cake added with Eucommia ulmoides

oliver

Sample L a b AE

Control 80.64%0.66*?  -0.28+0.01"% 26.18+0.26"? 29.52+0.17"%
Leaf 3% 59.12+0.33" 1.13+0.02° 15.63£0.05"  39.13£0.09°
Leaf 6% 55.39+0.38° 0.72+0.01° 12.7740.19°  44.134+0.25
Leaf 9% 49.3340.67° 0.58+0.02° 10.49+0.21¢  48.35+1.09"
Bark 3% 65.63+0.73" 2.05+0.03° 15.7240.13"  36.88£0.56°
Bark 6% 57.86+0.21° 2.56+0.07" 12.60£0.06°  41.59£0.32"
Bark 9% 51.09+0.55" 2.8440.06" 11.04£0.17°  47.85+0.58°

1) Mean £ S.D.

2) Means in the column with different superscripts are significantly different by

Duncan's multiple range test at p<0.05 (a>b>c).

)
S

A (redness)E UWEHE agh> Ad 2% 9%E #H7bsE =84 Aot 2.84%
Vg A vEiser, dAvtdos Ad EEg HUbe ~#AAo|AY agke] FF
TEE AR 2fA Aol AR Y A vebgtal izt 7P wEekh

F AT (yellowness) S UYEHHE bgke thx217) 26.18% 02 71 & $£4=

Ehlom, £3 o FA Hue Aol F85E 2RAANA byt B

A7FFo AdVEEe MRS 2l Adrle] Fd S #3 Ax SA0A
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Table 12. Textural attributes of sponge cake added with Eucommia ulmoides

oliver

Sample H A S Co G C R

Control 1185.35221‘%21) J_ro.l_S%lgg 10.02%1’% J_ro.ogl'z”‘g J_rlo%gf%g ilZE.SA?%DZ% J_ro.ogba”

Leaf 1143.11 -2.08 0.92 0.74 861.58 769.26 0.36
3% +26.65° +0.06° +0.00" +0.00 +27.96° +29.73°  +0.00"

Leaf 1387.05 -0.86 0.90 0.74 985.77 921.25 0.34
6% +£19.58 +0.06" +0.00 +0.00° +22.21 +£13.67° £0.00

Leaf  1617.35 -1.00 0.90 0.72 116291  1072.64 0.33
9% +93.99°  +0.05%" +0.00"  +0.00¢  +57.187 +3.00°  £0.00°

Bark 1420.28 -0.68 0.91 0.72 1050.95 971.58 0.39
3% +43.20° +0.02° +0.00° +0.00 +30.73° +47.42°  £0.00

Bark 1692.02 ~0.73 0.89 0.72 1220.12 1090.10 0.34
6% +16.30 +0.03" +0.01° +0.00° +22.26 +19.68"  £0.00°

Bark 2063.14 -0.895 0.88 0.70 1437.79 1287.72 0.32
9% +103.09° $0.10 £0.00 £0.00 +73.25° +57.78"  £0.00

H: Hardness, A: Adhesiveness, S: Springiness, Co: Cohesiveness, G: Guminess
C: Chewiness, R: Resilience

1) Mean * S.D.
2) Means in the column with different superscripts are significantly different by

Duncan's multiple range test at p<0.05 (a>b>c).

Cohesiveness(8383)+= 21%9 JHE sk T4 ZAgtl 283 3
0] A gAe Aok o] ok ET7F 0.75% 7HE A vE e,
Hd BEe 7be] Boldas 2uxelae] P HWolkAle Ao® YEhH

Gumminess(H&)+= FF A 9%¢ A4 &9 9%E 7t 2A\AA A7} =4 o
Bkon, 75 9 6%, T5 o £ 3%E FUIEE 2AAA A, T SO Yokt

Chewiness(H3/d)= tx77F 7P wtom A4 &9 925 A7k 2317027}t
7V w8 23S dehilth

Resilience(d4)= W77k 7 okom wite] Hvbde] $7F 5 Sopx=

Agoz et

[®) g/q ;c]] o]
93}
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Table 13. Sensory characteristics of sponge cake added with Eucommia

ulmoides oliver

Overall

Samples Appearance Colour Flavor Taste Texture
acceptance

6.83 5.50 6.67 6.50 7.33 7.33
Control 4 1797Da2  JG55¢  +0.89°  +1.76°  +1.37° +1.03"

Leaf 3% 5% S0 aro ig:g;b L1970 £0adw

o 4% 8 A% 5% 4m 4%

s e 4% A% S0 4R S

Bark 3% 400k 100Mc 1108 4082 +11v 4075

Bark 6% ig:%bc i%%%b i%%%b 161'.1177a iglggab i?’.%ab

Bark 9% Jo7he  400s 4082 somy  4iar 4042
1) Mean *+ S.D.

2) Means in the column with different superscripts are significantly different by

Duncan's multiple range test at p<0.05 (a>b>c).
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