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Optimization of Ingredient Mixing Ratio for Preparation of Steamed Cake with Mugwort
(Pseudosasa japonica Makino) Powder

Oh Suk Tae and Park Jung Eun'

"Dept. of Culinary Arts, Woosong University, Daejeon, 300-718, Korea

Abstract

This study examined the optimal ingredient mixing ratio for the preparation of steamed cake containing mugwort (Artemisia princeps var.
orientalis) powder, After preliminary studies, the following ingredient ranges were determined; 110~129% sugar, 3~8% mugwort powder, 10
~25% oil. Among the different mixture designs, the D-optimal design was chosen for analysis. The results of F-test, specific gravity, viscosity,
volume and color values (L, a, b), hardness decided a linear model, while the sensory characteristics (color, taste, texture and overall
acceptance) decided a quadratic model. The fitness analysis results showed that in all characteristic, the probabilities were significant within
0.05%; thus, the models were accepted as appropriate, The response surface and trace plot results showed that increasing amounts of
mugwort powder decreased the brightness, and increased redness and yellowness. As the level of added oil increased, the softness of the
cake increased, Cake samples received low sensory evaluation scores when sugar, mugwort powder, and oil were added above their optimal
levels. The optimum formulations by the numerical and graphical methods, were similar, and with the numerical method presented as: sugar,
mugwort powder, and oil at 120.7%, 5.1%, and 16.2%, respectively(flour weight basis). The above results demonstrate the feasibility of adding
mugwort powder to sponge cake, and therefore, the commercialization of mugwort powder cake marketed as a functional food is deemed

possible.
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JG 1995) Fo| 3Uth,

28] AMFstz Qs AT - AW Akele] WEBIAAL,
7o) tigt #Alo] FristAx drbERE o]&dte] w=e
71&] AFRTHE 7540l H7tE AdAEY RAEE ¢
|8k 2% Fa7F kst dtk(Park JE 5 2009). Alo]l=2
o £He dAse FAge A, Wil T¥A, &3
U g w7 e g3 wEl AAHHEHAARE T
1999), H7belE FAlEe] M= JFE WAl EHrh(lee
SWe} Kang CS 2005). H7tee A5 & 53], AgS 7124
ol guks ATt AR =315 AIAAFH ZE A
Al AZS Z dA & & 8 oplg AFE ¥ EAAA
F= 98 =2 5231 (Jeong CHOF Shim KH 2004,
Jeon ER®} Park ID 2006). RAIE B2z /XS Sty &
f3 A= WEHE F9 ArsE gy, 2 WE il
2LHE ARBPIE T WIRE HESelA Ake] M 5
83k g2 FFd AsAlA R=HA e Iy &
3717 friEe] 2EA st F=gA v sHRThCE
W 2007). 2y HEdE 7|8 AFRS Alo|=e] FHAE
719 AFol Z LA @A s Ydel HVm 3=
(Friberg K 1976, Hamly P 1994) #Ao]=2¢] & JgS
© A= gHA o fAE HW4E o AeRE dod
7127} HAHA dorng WAREE 4L v A ¥
= Aol 7|xFAo =g F & Uvkal Ah(Friberg K
1976).
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Aozt ot MElE HPste] AFL wEe] WiT
2 o] UM HE Ao Aglit ofo] weste] 7

M B zedo] Witk $elvete ¢
&o] HZ Wo| IU/RIIAN oM AAA T E£HA o8 F
de A ZEFWES U Bo| o83t SIthKwhak SH9}
Jang MS 2003). AL & A8 & A A ol
2 7% dubdel zel¥HolH, 3712 A "2 oW diE
7ML Qe EFS 5 1999). LB F9 w=E Alo|aE
RHolghe ZEHE olg3tA =W QEo] glox AolaE
e St QAL S BS o]&dte] & wEY wEIL A%
Aol tHKwhak SHQ} Jang MS 2005, Park JE 5 2011).
2 AFGAE QAANE AolaE LB wA Za o
e WS o83l Aol Aol ol L, Ao
A3 AT2E= A Ao|H(Park JE T 2011, Kwhak SHS} Jang
MS 2005, Kwhak SH 2004), £947}% A7} AA o] A (Kwak
SH % 2002), 3% A7} A Ao]=AKim YS 5 20060 5 A
T7} o]Fojd glom gog Ee Gy} o]Folxol & A
o2 e

weba B AT QBN v 2#A Ao HigH|
&5 A Wl F&3te] st Vsde I & UEE
A7kt A AelAelst & 7 A AlolE NEetaiat st
ot EFE AAAYE olgdte HA As TPHES F
a, o]& 7|22 &g 2o o8 & Qe kS A
I Aol AEstet AstE gt ARE AAEaA}
3kt

|

FRAFZzAHEEA A287 415 012)

WHEE FHRQIE)S 7155 AlFolA duls= 7t
= TYste] ARSI WARQF), EHE

79, G, AAAGEIE, €5 88% oPhHE Tt

2. % 71 A #Ho|=39 M=

% 71 A Aolas ey Jd Ao HiEm|&S
Kwhak SH(2004)¢] WS A% A 2HAHS o833
ot AEe] W& WIRE VEeE G2 150%, &
TVEE 38%, 718 10-25%, AT 1% F7lete] Alo|aE A%
ahdaL, Alola w=s WL Fig. 13 2tk

Lo dete 23 AFVIZ 308 Ao HY, 2gES ol
e T gz docrt 2 urkA] & AHolFHA FH
sholch. 2% A71YAB20-F, 95449, China)e] 97 &
o] FEAIZl AL ¥ 3voF 47 30%, 2¢ko g 2B 19
oF 18 3% 3 AL 20 mesh Ao W LrFF 0
mesh Aol W& & 7}FE5 o] aFFHOoR 4L the 7|
55 ¥ o] uEsian. old e 35w EE WY
803 A& ¥ 715S il 03] 4o vkEsisinh. Alel=a vk
22 7F2 11 ecm X AE 23 cm X =0] 6 cm Ao]=
370 g¥ WYsle] 190CE dE QE(GOR-22M3B, FUn|
7], Korea)olAl 4027t & F A&o+1C)olA 1A1ZF 23]

& A A3

Whole egg, sugar, salt

[ Weighing

Wheat flour,
mugwort powder

\\":T_Iling |
| Panning

1 370 g per pan (11 x 23 * 6 cm)
| Steaming
i at100°C for 25 min
| Cooling
at 20°C for 60 min

| Mixing
4 at 60°C in water bath
[ Whipping [
¥ atspeed 7 3

Mixing

Mixing

e e

Steamed cake containing
mugwort powder

Fig. 1. Preparation process for steamed cake containing mugwort
powder,



Table 1, Experimental design for steamed cake containing mugwort powder by mixture design

Aot ® Ao|39 =3t 69

No. Run

Pseudo component”

Actual component

2)

A B C A (%) B (%) C (%)
1 3 0.737 0.263 0.000 124,00 8.00 10.00
2 8 0.497 0.074 0.492 119.45 440 18.15
3 10 0.300 0.074 0.626 115.70 4,40 2190
4 12 0.737 0.263 0.000 124,00 8.00 10.00
5 5 0.368 0.263 0.368 117.00 8.00 17.00
6 13 1.000 0.000 0.000 129.00 3.00 10.00
7 7 0.195 0.205 0.600 113.70 6.90 21,40
8 2 0.000 0.211 0.789 110.00 7.00 25.00
9 9 0.868 0.132 0.000 126.50 5.50 10.00
10 4 0.211 0.000 0.789 114.00 3.00 25.00
11 1 1.000 0.000 0.000 129.00 3.00 10.00
12 6 0.629 0.139 0.232 121.95 5.65 14,40
13 11 0.000 0.211 0.789 110.00 7.00 25.00
14 14 0.211 0.000 0.789 114.00 3.00 25.00
Ypseudo components: X; (Xli_/bt) X1 T X X, T 1
-5
YA sugar, B mugwort powder, C oil
(Stat-Ease Co., Minneapolis, MN, USA)E A3}, Mixture 4 Alsidi
design % D-optimal design (Myers RH2} Montgomery DC 1993)
of e} AT, D 0z
SHHETES AB0), & 7FF0), 7150os AAsois
o, Sude) Ao 0 A e ApaEe AH wie 8 A0RE sl <likgel Bigtace 200002 Aol
o thste] ztzt HE 110-129%, 2 7} 3-8%, 712 10-25% W= & FA dis FARE el A Alela Al
2 Rttt 7 AR WoEs <usige u E3 2alo Z A T BY A 9 AFH FY F 9=
2 10709 AAT 4] utEe] MAE AL W=, A%, AL Aol B2 AFH A Aola w=e] HlFg olge] 2
R3], AR, a, b), B2 (hardness), B, o, pe 2= A AREIS
e Aw, dvEel AEmE Agsdr A9 A Aol Wi 2
EFUEE Toble 19 23, BE APEA(unts 7ol o e 2
2 A= g7l Sfste] FALR ARYerglen, pseudo
componenti= A Aol xgtog A¥ tizpele] Fxo} &
g9 Age A BT 1’]'5‘}04 Ureh At ) A=
) : - Brookfield, CA, USA)E o]-&3la] =3 —‘5}03]\‘;]' H]"F 130 g&
regression model& WERHE coefficient #k(Cornell JA 1990)E Hae] ex7b 25C7 HAe

o A3t} AXFESJF L, linear2} canonical FE]S] quadratic
model-& modified least square regression®]] ]3| wHEo{ZT},
oluf full quadratic model-& stepwise regression (@ =0,1)2
2 data Ao Z& Y3 om I modeld coefficient 7HES
Ftest?} lack of fit test® 1 FAS 7A=3ct 2 23 u}
E AEE29] k3L response surface plot¥} trace plot (Raymond

HM 1995)& o] &3&}o] EX3}9c},

] H=A spindle S64Z 6
mpml 2 1027+ FEA & 58

3) %3
A Aelae] ¥ols FAAEH Cambell AM T 1979%
ol83te] 53] WHE s}l FAGo L Sk
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4) M=

A FAolaE 5x5%x2 emE A2 F Mx}A|(C-801S, Color
Techno System Co., Tokyo, Japan)E o]&38}e] Wx=(L), A
T(), FED) w103 A 7 HAEEs etk
AHESH WS [ = 9785 a = -0.13, b = 0.11 ]It}

=]
FN

5) HlAF

B AolaE wEo] A 3 cme YFow Hojll vk
FolE 2 cmE YA Fte] Texture Analyzer (TA-XT2,
Stable Micro System, Ltd., Surrey, UK)S AF&3le] 50%2] W
&2 two-bite compression testE ©]-83}o] 227 A3}
At Als S § dojR force and time graph® FH 7
T (hardness) EXZ]E Bourne MC(1978)¢] HEFHo| ulg} &2
Sech EE EAe 108 wEEEn doH 24
average curveZ ARE3FIT}

o 4

6) TsdA

Az & HHsts A8A A, B, Fege Ak,
ajal AebA]l 713 % a7bA] 54 et B3 &
7135 AARE AAIBHIT

A AolaE v FY 2% 34l 0o Tt 4
FAUNH gt RS dider o HHWeR
AAIBIIY, 7Z3EE ‘Hed] Ae(dislike extremely) & 17,

‘T3] ZE-(like extremely)’ 2 98 o2 H7IsFStt A|A|H
182 Al A2 Az BAsklen, dAd A716x5x%2
emyz Aok Ege WAl gAlo] wo} B3} 37 ABehela,
g e AlRE WK OE AR dbE AR AL
T OE MRS WteteS stk ARl AAF A/l
= F e A o] A8 FAS eMdE AEE A

A3 AR,

>

6. ZlHz}

Canonical 28 ¢] 432 &3} (numerical optimization)9} &
FE AR 2¥H H A3 graphical optimization)E %3}
As EFue] HHsts HAstda, 2 o H& 533
o 2 HH3= canonical RS IFo R e 2l
Azl 2k wkgol tigh S8 W 9l(goal area)E At o
g Aol sfsto] Fasict
1 n 1
o= (ITd) ”

1=1

D= (dl x d2 x - Xdn)

o}7]14 D overall desirability(Derringer G} Suich R
1980), di= Z7+9] desirability, n& response] <Folt} 2 EHZ
AA5= 7 ol g A 5 Ay ARHS 2t
dedsteie W bsE WsldA e BEsEs yRe

3.
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1. HIZ

14719] ARAoR ghe & 71 A Aol ko] vjF
S =A3t A= Table 29} 23, 7+ 270 Wt 0.43-0.56
HIE Bt Alejae] dwkAl HlFL 0.450.55 (AL
5 19992 2 AFe] AFeME FARRE e Btk 7
we Zhe Hol AEHLe AR 129.00%, % 7 3.00%, 7
10.00%0]3Jt}, HFEe] H|Fe &7 AFe I AXE 7
Aoz HAFE Axoln, 7|37 ZAd AHA JF
nx]7] wjiEel] vk Azl glo] Fod ge9og g3l
27 Aolae Fule} €lxAe] FAo Fad 247} H
ChMiller RA} Hoseney RC 1993). H]ZFo] W&F&E wiso
3717F Bol xdEo] &g vt SAEe] FIe F
7V3he dllel Bk SFTHHIESE 5 1999).

AR e vbgEe wdyslsle] FrestE: Fo] foAde A
o A3 de, & 7R, V1S A7REel MR dEEE flol
Z}zy Z=EAo 248351 linear REdlo] MY,
probability=(0.00012 5% oJollr =2 HFoAS Ho nd
of Aggo] AA=ATHTable 3).

Table 49 E=¥HW47} v|=d] mlx+ 232 AgE7] 9

-

)

o o o oX r

T Al
plote] 71&71E AEEo] 7 vkgd nje dFS HolFn
uEd, & 7 7RG 7E W7
g2 A H7FEA-Ad)o] F/1deE v

— T

2. Mz

& 71 A Aola W= AxE 4% A Table 2
o} gt 7zt z7d whil 4566749467 <P - so] HYE HY
I, e 129.00%, 2 7} 3.00%, 7S 10.00% 98lS
o Ho H=g Jelyth 28XAela RIS HaE W=
o Ed=HE 719 el s dFe we=dl, IV Bl
EQESFE Ar= Aty BusichMiler RASE Hoseney
RC 1993). W59 H&rl F7KstA Hl52 A3 =
(Fd%3 F5E 2003, Kim YA 2003), 2 Age] nF3 3
Lo A%E vlas] HW g M Aert =2 7
$ HFo] W AES BT Pak JE 5(2009)2] 2HAA
°|Z AT, Kim YS 520009 &z H7} A Aolme AT
NN= A=r}t 5718 A9 vlFo| Tadshs 2AE Ho 2
Aol Aol dAshE BEFS EAth

3H2S Ay B A} linear Rdlo] AT, probability
T 0.02072 5% oJUle] fFoAE HoFo RdZAe] 3t
Aol 1A= th(Table 3). Adld Zdo] 3t wkeRHI
trace plot(Fig, 3)°llX AR H7b&(A-AM)o] 715, 7+
A7HEC-CAol AR Hov FVlehe AFS B,
& 7 HA7HE®B-BA)C] 1SS Aot Sk Fuigt
S Hl F Faslty. SYWSrE bS] vAe 29E
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Table 2, Quality characteristics of steamed cake containing mugwort powder at various conditions by D—optimal design

Steamed cake batter
characteristics

Steamed cake characteristics

» Textural o
No. Run Specific . ) Color values o Sensory characteristics
gravity Viscosity Volume characteristics
(w/w) (cP - s) (mb) L a b hardness Color Taste Softness Overall
(9) acceptance

1 3 0.49 47300 1280 54.5 -10.0 417 345.6 58 6.1 6.2 6.1

2 8 0.49 47497 1235 06.3 9.0 40,5 339.4 8.0 83 8.2 8.2

3 10 0.53 47200 1266 654 -8.0 399 331.4 6.6 7.0 6.7 8.0

4 12 0.50 47267 1298 53.5 98 420 350.5 5.8 6.1 6.2 6.0

5 5 0.560 45667 1170 593 -10.1 405 411.6 6.5 6.8 58 0.1

6 13 0.43 48133 1360 713 6.2 374 303.3 5.8 6.0 5.7 59

7 7 0.52 46993 1189 619 -8.7 41.0 463.7 74 7.8 6.2 6.4

8 2 0.54 47500 1120 61.2 9.1 403 480.0 6.7 7.0 7.0 74

9 9 0.44 48753 1375 03.5 91 40.2 331.2 7.0 7.3 74 7.5

10 4 0.52 47500 1270 09.7 69 389 308.5 6.0 6.3 0.9 6.9

1 1 0.45 49467 1415 70.6 63 374 299.3 5.8 0.1 5.7 6.0

12 6 0.46 48917 1350 04.1 85 40.0 361.2 8.4 8.7 8.6 8.5

13 11 0.55 47233 1110 616 9.2 413 4951 6.6 7.0 7.0 7.6

14 14 0.51 47603 1235 71.0 0.5 39.7 306.2 59 6.2 6.8 7.0
AHE7] g AN dEhd AlSR(Table 3)9F tace 3. 1
plotwFig. 3)9] 71&71& A 23 A" H7He(a-ad)e] 7]
7 AR ZA JER} B 71 me oie == dgd 1ol A8 ATl wet & 7R A Aol
o o 2= 9o} 2y =2As A7 1,110-1,415 mLe] WS HI(Table

>

Swecific gravity (wiw)

Devation from Reference Blend (L_Pseudo Units)

Fig. 2. Response surface and trace plot for the effect of sugar
(A), mugwort (B), and oil (C) on the specific gravity of
steamed cake batter containing mugwort powder,

>

Viscosity

C(2900)

A(110.00) om o omo  obm ok okn oo

B(22.00) Devition from Reference Blend (_Pseutlo Urits)

Fig. 3. Response surface and trace plot for the effect of sugar
(A), mugwort (B), and oil (C) on the viscosity of
steamed cake batter containing mugwort powder,

2), A¥ 129.00%, &

o Hoigks Ze

742 3.00%, 71 10.00% F7FEHIS

e (mL)

Deviation from Reference Blend (L_Pseuco Unis)

Fig. 4. Response surface and trace plot for the effect of

=

sugar (A), mugwort (B), and oil (C) on the volume o

steamed cake containing mugwort powder,

TERE
Sugrt oo vide B3E A
S Table 33 2t} Linear Edlo] AHE1
probability= (000012 Xdle] #gtdo] QA=) Fig. 4
WFS-EHE 9} trace plote] &J3hd A H7F&(A-AX)0]
VrE, & HE6B-BA)Y 71E WMD) FagSs
e, A% ue 0 A 994 )T

Ze|
9]

tlo

S22 Aom Qeld AT, WFo] AL
Her} oA & Fo| Ryl Frheca

Ho
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Table 3, Analysis of predicted model equation for the quality characteristics of steamed cake containing mugwort powder

Response Model F—value Prob(F Equation on terms of psesudo component
Specific gravity Linear 27.66 {0.0001 0.43A+0.64B+0.53C
Viscosity Linear 5.04 0.0207 48822.87A+43677.29B+47531.19C
Volume Linear 4297 {0.0001 1413.23A+916.59B+1191 31C
L value Linear 70.85 {0.0001 09.69A+18 78B+71.83C
Color values a value Linear 3255 €0.0001 -0.78A-18.82B-6.80C
b value Linear 15.88 0.0006 38.27A+48.49B+39.11C
Textural characteristics Hardness Linear 15.48 0.0006 263.21A+736.49B+370.45C
Color Quadratic 11.17 0.0019 5.85A-50.99B+4.59C+76.83AB+5.74AC+83.49BC
Taste Quadratic 12,01 0.0015 6.11A-51.61B+4.92C+78.39AB+5.87AC+83.60BC
Sensory characteristics
Softness Quadratic 472 0.0190 5.78A-69.01B+6.89C+103.68AB+0.24AC+95.00BC
Overall acceptance Quadratic 8.78 0.0042 5.95A-72.32B+7.08C+106.51AB+0.77AC+101.22BC
A @ sugar, B @ mugwort powder, C : oil
sholtMiller RASH Hoseney RC 1993). & A9 Mg, A&,  7F&olflal, WEe A9yt 715 37kl os) d3& wol
23e) A9E FWH B MFo| B Aol B8E ¥y Wb AL X 5 A olEd Ao Aol2 Az A A
7F 2 vehd AS & 5 A3 g 38 e = ES 2 A & T, Ee L
Nge BEAEE SVl g0l glol AFOl 2 A @ wANA F= dBE Soljeong CHEH Shim KH 2004,
A A = 2Hgo] Jdokar s AL(Friberg K 1976, Hamly P Jeon ER®} Park ID 2006) A®o| AZEE 83| JAAA &

1994, Al 5 2004), B AFME 7|29 ALgTo] TS

A% osle Aolas ¥ut gishe A ¢ 4 A9

Park JE 5(2009)9] A Alo]m AFoM= gy 715 A
7heko] ZIMEFE, Kim YS 520009 Aolz AFeME

Sxel Wil 194 Wt ghske AdE Hol

=
w9 Assh YA 4P B

% 71 A Aolas Ax =4 AP Lk 53.571.3, agk
-6.2--10.1, bgt 37.4-42.0 ] F& HITHTable 2).
rdlo] AeAdS AR A Lgh afk, b3k EF linear &

do] MEE]T, probabiliyes HWES HMEE=
A 0.00060.82 HHle] 2edo] A HTHTable 3).

Adelg welo] gk v EHI wace plotelld] AR
Fa-a)dt 71E FHECedel SRS
=ML, & 7HF A7HeGBNE S7MEE

Lz (Fig,

T
Hes

(0.0001, 3}

W
5
sio}

A3 -agke] =M} bkFig. 5)e VISR Ae vehd
itk thubEel 7hR A7E 2eAAlela HAst = (Park JE

Jtt ol of

o=
R

2009)3 dx71E A7E A Aol=me] HAHI} =FE(Kim YS
2000)NAM = U5 717} xR Hriske] F71ste
LEk2 SolAAL agke] SAEe} b2 FUlEte] B AT
of Ao} dX|atdry. 53] &3 Fe 2EAS

ot

79 A% W} Aclae] AFNE Brheo] IS

el 59 ghol vk A¥E Hoidh

Table 39 HAXN Rt AFE AuiE Aselis
Aame} FAse] HY 2 9FL FE AAE 2 4T 3

FRAFZzAHEEA A287 415 012)

718 Sl B HuAM WErh =7 vehd Aoz A

A% (hardness)S A3t ZAF= Table 29} 23, 299.9-
495.1 g W9le] AFE Ht}

Are Az Al 4538 ol 47 EUdoz 3
431 linear o] MEAERIL probability= 0,00060-2 5%
ojlolA frojAde B Ede digk FgAdo] AAHU
(Table 3). Fig. 69 ¥FSE™ FX3} trace plotoA A& 3
Aol 1245 % A% BIEEBNS Yers
pastel Read, B AT A5 & A4 gl Z
Vg Feggo]l AT o Kim YSE(200009]
P2E W M Aolad B AT Adels g
Wrlo] Zhaes Reelgel Yaths weAuEe A
e Ho] B dFe] Anel e AgE HAth Jeong CH
I} shim KH(2004)9] A7-ollM= Afgo] Al £L7hs 37t
Fo ZBrE Aolze] @2 U wusdta sl
B Aol o] WbR Q9] Vg 7FRE Wol AN B
Alolae] Frelgo] FHAstirt

WhE BN Ael Y F0 Ee o
o] F3lEo] FFES AL o 274 s

F9s AR wiitel vkso] R=gA dk
Fi<s 2007). £ A7) ANz 71F9 7t

% A} 2asel REdgel SR A%
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7% gl
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Fig. 5. Response surface and trace plot for the effect of sugar
(A), mugwort (B), and oil (C) on the color values of

steamed cake containing mugwort powder,
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Table 4, Optimum constraint values using analytical methods in
the object goal

Numerical optimization

Constraints name Goal solution
Sugar (%) max, 120.7
IndePendent Mugwort powder (%) max. 5.1
variables
Oil (%) min, 16.2
Specific gravity (w/w)  min, 0.49
Viscosity (cP-s) min, 478389
Volume (mL) max, 1286.6
Color values
L value max., 64.8
a value max, 8.1
Response b value max, 398
variables  Textural characteristics
Hardness (g) min, 3499
Sensory characteristics
Color max, 8.0
Taste max, 83
Softness max, 7.8
Overall acceptance — max, 8.1
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Fig. 7. Response surface and trace plot for the effect of sugar (A),
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