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Abstract

The purpose of this study was to determine the optimal mixing conditions of three different amounts of spinach
powder, butter and egg for the preparation of spinach muffins. The mixing condition for spinach muffins was
optimized by response surface methodology. Egg was the most influential on height. The maximum point was
achieved with 30.08 g of spinach powder, 247.69 g of butter and 184.97 g of egg. The optimum mixing rates of
spinach power, butter and egg were 29.51 g, 252.24 g and 192.33 g for color, 32.43 g, 249.87 g and 180.90 g for
overall quality and 28~34 g, 250~260 g and 175~210 g for maximum score of overall organoleptic quality,

respectively.
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Table 1. Normal composition and increment of spinach
muffin formula

Ingredient Weight(g) Increment(g)

Flour 190 +4
Spinach powder 10 +4

Butter 80 +10

Egg 65 +10
Water 120 -
Sugar 120 -
Powder milk 15 -
Baking powder 7 -
Salt 0.8 -
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Table 2. Variations and their level or central composition design of spinach muffin

Coded - Variable levels

Variables Symbol o) 0 1 5
Spinach powder(g) X 2 10 14 18
Butter(g) Xs 60 70 80 90 100
Ege(g) X3 45 55 65 75 85

dZxe B8 AW 41520060
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Table 3. Operating conditions of Texture Analyzer for
spinach muffin

Operating conditions

Test type Mastication
Sample type Vertical round
Table speed 120 mm/min

Height 12 mm
Adaptor type Circle(diameter 10 mm)

P

SF U - g 47
st EASAT SAFHAG YA wet
51913 RSREG(Response Surface Regression Analysis)®:
Moz ARE BHIGG. ARY MFHEe 47
SYEsE 9% JYEHY Bedsed BAES 24
g AR o2 TP 13 MAFEH, 23 TAHR

9 9z} 7+ AE xl_g._O. AHRglon =dw
FEHTY SR U E 34 Iz
Al . FAES Zaiﬁr BEH) FHR
de SAEAHE 25t AXHE etk

Al O /H;ﬂ

2 ae

vle g

on r‘-lE
4o 2 &

o]
=2

m. Zda} o nx

=
AEAE o18% Ay AzzAY 45 22
02 3 FAFEAG mE Al A =59 ‘ﬂ-’Ff’J 16
A xRN 201 EeH S4B
ZAMGE A= Table 49 Zoh 54F 381219 rﬂf‘s
AR AN Getel YHH WSER 249 ﬂq-a%
EAAH R’} P-value:= Table 59 Jeigx Z+ &
¢l 7} Fratio®} HZHZ7E Table 63 Table 79 UrE}
Wl

e F EdF
E ol (height), L(Lightness)Z}k,

2 mlo

S )40
a(Redness)Zk 7

(cohesiveness), W54 EAdo|A A (color)e} A

Table 4. Effect of preparing condition of spinach muffin on height, volume, color and texture different coded values of

treatment conditions

Color of the muffin

Texture properties

Sensory evaluation

Exp.

Spinach  But-

Hei-

Volu-

Overall

number” powder ter Ege ght me L a b Hard-  Cohessi- SPnng— QM— Color Flavor Mois- Text- )

ness vness  iness miness ture ure quality
1 42 270 225 5.83 143.33 5335 -1441 4048 874.67 33.18 5652 5242 333 367 517 433 450
2 4?2 270 165 590 14333 53.19 -1441 39.68 75736 30.59 5345 4221 383 317 383 450 450
3 4?2 210 225 620 143.33 51.32 -13.73 39.26 1024.13 33.62 60.87 6220 400 400 4.17 333 433
4 4?2 210 165 5.63 14333 5235 -14.38 39.58 96042 3137 5345 5490 383 367 417 350 433
5 18 270 225 5.73 140.00 6424 -13.54 38.36 1073.95 3462 60.00 67.16 4.17 450 483 383 3.17
6 18 270 165 6.10 148.33 6390 -13.59 37.52 878.10 3103 5345 49.65 450 400 467 3.67 3.67
7 18 210 225 6.17 141.67 62.56 -13.35 38.30 971.39 34.72 6035 6146 367 467 367 450 4.17
8 18 210 165 5.77 136.67 62.66 -13.58 38.94 1062.88 3223 5391 61.87 367 3.67 350 367 3.83
9 30 240 195 5.90 143.33 59.11 -14.23 3891 72597 33.09 5439 4302 603 500 600 550 523
10 30 240 195 593 146.67 58.82 -14.15 3894 72992 3364 5345 4474 633 500 603 450 5.13
11 6 240 195 5.77 145.67 71.67 -10.60 32.04 896.80 3046 5130 4934 1.83 3.17 367 450 233
12 54 240 195 6.03 146.67 4995 -14.03 38.37 1009.81 3193 5690 5874 250 3.67 467 383 267
13 30 180 195 6.00 14833 6038 -14.07 38.51 1001.65 3598 6034 6393 387 267 417 417 433
14 30 300 195 5.70 152.00 60.84 -14.05 38.80 872.61 27.79 5000 44.19 567 450 583 567 483
15 30 240 135 5.87 151.67 6028 -14.16 3740 81224 2725 4655 4032 450 383 483 517 500
16 30 240 255 5.97 14500 61.16 -14.09 39.33 1042.74 3449 5948 6552 467 417 417 400 473

Y The number of experimental conditions by central composite design.
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Table 5. Polynomial equations calculated by RSM program for mixing of spinach muffin
Responses Polynomial equation” R*? P Value
Hoight Yl=—3.210938—0.029479X1+(2).045063X2+0.043083X3—0.000026042X1L+O.000§)O3472X2X1- 0.8708  0.0406"
0.000018056X,°+0.000163X3X,-0.000196X3X,+0.000001389X 5
Y,=154.134375+0.530208X,-0.187479X,-0.013625X5+0.002031X,%-0.003469X,X,+0.001435X "+
0.001156X3X,-0.001851X5X,+0.000926 X5
Y3=123.470937-0.563854X,-0.248979X,-0.230542X3+0.003203X,°-0.00001736 1 X, X, +0.000457 X,
0.000385X5X,+0.000226X3X,+0.000487 X5
a Y4=-12.992187-0.228542X1+0.008646X2+0.019000X3+0.003255X11—0.0002 77X,X,+0.000036111X,°+ 08964 00225
0.000128X3X-0.000115X3X,+0.000018056X3 ’ ’
b Y5=42.648750+0.24177 1X1—0.061208X2—0.019458X3-0.006458X1‘+0.000?3 1X>X,-0.000075000X "+ 08167 0.0992
0.000097222X5X;+0.000361X3X»-0.000156 X5 ’ ’
Y6=7690.521563-5.482812X,-33.952875X,-30.763125X3+0.367812X,°-0.093854X,X,+0.054357X, "+
Hardness 0.026618X5X,+0.047353X5X,+0.051679X 5 0.7592  0.1891
Cohesiveness Y7=—108.700313+0.663229X1+0.584792X2+0.667292X3—0.009844X1‘+O.0200027778X2X1—0.001383X2‘— 08745 00376
0.000431X5X;+0.000200X3X>-0.001665X 3 ’ ’

Y5=16.038438+0.486042X,-0.068792X,+0.368208X5+0.000313X,°-0.001229X,X,+0.000347X"-

Volume

L 0.9527 0.0025"

Springiness 0.000868X:X,-0.000589X3X,-0.000251X5 0.7880  0.1409

Gumminess  Y7=418:303437+0.193021X-1.897979X,-1.500833X+0.01 7639X*-0.005538X:X  +0.002828X"+ (1o (1m0,
i 0.000142X3X-0.002893X:X>+0.002511X5> : '

- . z . 2 .

Color | Y10=-33.325625+0.586563X 1+0.244792X2+0.205458X5-0.006970X,*-0.000694X:X1-0.000392X:"+ (oo c (0o

0X3X,-0.000139X:X,-0.000443X 5"
Y11=-39.203438+0.285521X,+0.214146X,+0.132583X3-0.002743X,°-0.000344 X,X -0.000393X,*-
Flavor ' 0.000233X,X,-0.000045833X X-0.000278X," o - 06772 0353
Y 12=-26.637813+0.276875X,+0.129854X,+0.110000X;-0.003203X *-0.000580X,X,-0.000282 X, +

0.000351X5X,+0.000185X3X,-0.000421 X"
Y 13=-3.992812-0.052500X,+0.010021X>+0.077625X5-0.001450X *+0.000927X,X;-0.000022222X*-
0.000462X3X-0.000093056 X 3X»-0.000115X5’
Y 14=-13.781563+0.161563X,+0.087500X»+0.059000X3-0.004653X,°+0.00052 1 X,X ;-0.000167X "+
0.000055556X5X,-0.000117X3X>-0.000087500X 5’
" X, is Spinach content, X» is Butter content, X; is Egg content and Y,-Yy4 are intensity score of the attributes.
? R is cofficient of determination.

*signiﬁcant at 5% level , = significant at 1% level

Moisture 07360 02321

Texture 0.4890 0.7389

Overall quality 0.9270 0.0086~

Table 6. Regression analysis for regression model of the sensory characteristics in preparation of spinach muffin

F-Ratio
grodient Height Volume L a b Hard- - Cohesive- Springi- Gummi Color  Flavor Moist Texture Over.all
ness ness ness ness ure quality
Spinach 00 023 20077 11087 568 177 307 017 070 11237 197 240 079  15.69”
powder(X,)
Butter »

(X2) 8.19 0.91 0.37 021 029 290 4.48 1.27 2.40 2.53 1.91 227 0.87 1.39
2

g%g) 8.63 0.59 023 021 038 267 726 4.20 2.92 1.81 1.16 1.47 0.26 0.42
3

“significant at 5% level , ~ significant at 1% level
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Table 7. Predicted level of optimum preparation conditions for the maximized sensory properties of spinach muffin by the

ridge analysis and superimposing of their response surfaces

Level for maximum responses

Preparation - T ; :
COIE)ditiOIlS Height Volume L a b Hard - Cohesive Springi- Gummi- () g oor MOt p e Overall
-ness  -ness ness ness ure quality
Spinach powder 30.08 66.62 10221 3873 33.11 3630 2941 10828 44.61 2951 27.73 3025 2052 3243
Butter 247.69 321.74 21836 264.81 18299 27245 226.86 377.89 321.93 252.24 24824 265.19 223.17 249.87
Egg 18497 272.56 226.16 181.41 160.20 163.47 210.18 102.80 112.13 192.33 206.56 201.50 205.51 180.90
Morphalagy ~ Max.” Min. Min® Min. SP” Min. Max. SP. SP. Max. SP. Max. Max. Max.

Y Max. : Maximum 2 Min. : Minimum

spinach powder(X;) x butter(X,)

spinach powder(X;) x egg(Xs)

» S.P. : Saddle point

butter(Xz) x egg(Xs)

Fig. 1. Response surface for height of spinach muffin

spinach powder(X,) x butter(X3)

spinach powder(X;) x egg(Xs)

butter(Xs) x egg(Xs)

Fig. 2. Response surface for volume of spinach muffin
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Fig. 3. Response surface for L value of spinach muffin
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spinach powder(X;) x butter(Xz) spinach powder(X;) x egg(Xs) butter(X2) x egg(Xs)

Fig. 4. Response surface for a value of spinach muffin

ey e § g T 2

spinach powder(X;) x butter(X5) spinach powder(X;) x egg(Xs) butter(X2) x egg(Xs)

Fig. S. Response surface for b value of spinach muffin
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spinach powder(X;) x butter(Xz) spinach powder(X,) x egg(Xs) butter(Xz) x egg(Xs)
Fig. 6. Response surface for hardness of spinach muffin
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spinach powder(X,) x butter(X>) spinach powder(X;) x egg(Xs) butter(X2) x egg(Xs)

Fig. 7. Response surface for cohesiveness of spinach muffin

spinach powder(X;) x butter(Xz) spinach powder(X;) x egg(Xs) butter(Xz) x egg(Xs)

Fig. 8. Response surface for springiness of spinach muffin

51 - FF 2 Bets A A2E A 152006)



52 NS EY EARE o] 8§ AFAR

ZF =0 6 g, 240 g, 195 g 54 g, 240 g, 195
goll A 2}7% 1.83, 25002 e AxE Jehigo
). ol B & AFAMFE HE #
3 SAQ A2 F2 4TS VAL %_ A&
& AlFA7FY AYAA B F2

nN3%E ZAE HAFUTh M7 Povalue Fhol
002492 5% FFolA FJ3kaL R’gko] 089252 ¥
FEEE BAtHTable 5). A7z gt HHHLE A
A7k 2951 g, WE 25224 g, 27 19233 go
(Table 7) F9F o2 AFX7+F7 Ao 74 4
A= g9log eyt Table 6). AlFX]7FF9}
ZS] BANA AFATLRES] Fo] 2831 g7A &=
5T Z7MElRen a1 ol Zis= F
Hola, @7k & 26052 g7t Z7}sichr)
< S HATHFig. 10). o|¢ & AFdE AlFA 7}
F9b Aol FAG ZALRE AUMS e A+
(Heo S 2009 M =A7HE FUMEOl 947 #Ut

onL'i

o o fo et o & all rlo

ox.
ook
lo
ﬁ?i
2 odk _Pi

SR B TN g

spinach powder(X,) x butter(Xy)

spinach powder(X;) x egg(Xs)

271 9 Az AR5

tjo
e
o,

AL JBEst S dase 4%
1

A3 v s:otA Wbkt

2) 3K(flavor)

MY Fe AFANE, WE, 229 727 30 g,
240 g, 195 goll A 5.000.2 713 2 7|5=7 vE
W3l 30 g, 180 g, 195 gollA 2.672 7}F <A Ve
W THTable 4). A|FA7FF9% @29 FHF2 30 g,
195 g2 Fded ey W9 FHFFo] 240 g, 180
g2 AolE Ho WEY Sq/% FEvt #A T
715=d FdFE mAe HEE AZEHARG AlF
A7k A& 71EEd HAE 9T A2 o=
B3 th(Table 6). ¥MEIS @ZF FA A BE
o] 251.44 giA F9 7|Z =7} ZF7tsivhrl 2 o]
Tl gadtes L dsidn 2z e
24426 g7bA) Z7ysert Base Aol dehwd
(Fig. 11).

seEvng R eEen 3

butter(X2) x egg(Xs)

Fig. 9. Response surface for gumminess of spinach muffin
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Fig. 10. Response surface for color of spinach muffin
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Fig. 11. Response surface for flavor of spinach muffin
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Fig. 12. Response surface for moisture of spinach muffin
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Fig. 13. Response surface for texture of spinach muffin
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Fig. 14. Response surface for overall quality of spinach muffin
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Fig. 15. Sensory optimization of spinach muffin
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