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Quality Characteristics of Black Rice Cookies as Influenced by
Content of Black Rice Flour and Baking Time
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Abstract

‘Response surface methodology was used to investigate the cookie manufacturing process with black rice
flour. A three-variable, three-level central composite design was employed where the independent variables
were the amount of black rice flour (0~20%), baking time (10~ 14 min), and sugar type (sucrose, aspartame,
and oligosaccarides). pHs of dough and cookie tended to increase with the addition of black rice flour. Moisture
content of dough slightly increased with the addition of black rice flour but nearly affected by baking time.
Spread factor increased with the addltlon of black rice flour and it was more evident in the samples prepared
with sucrose. L' ~value decreased but a"-value increased significantly with the addition of black rice flour.
Generally the amount of black rice flour in the sample did not affect the textural characteristics of cookie.
As the amount of black rice and baking time increased, sensory flavor became stronger. Sensory sweetness
as well as hardness increased but sensory color became darker with the addition of black rice flour. In addition,
the response surface models developed in this study for most of physicochemical and sensory characteristics

of black rice cookie were adequate.
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2 4 9l AlAE At tidl o7t BE3) A o]of Table 2. Three~factor, three-level experimental design used
3 for RSM
\_C}‘.
ofofl 2 ol ol A= 7] 5] ) e olat A|E o] g ExpeNrimem Factor 1 (Xy)  Factor 2 (X3}  Factor 3 (X3)
0. rice (9 i 3
oz sele] Arbepe chelshel Asbel #7) S A 2eha A : Black rice (%) Ilmel(mm) Sugar type
1 -1
ZZRAZA(GER, 71270 M2 Eeld 2 dFH F 2 -1 1 -1
A EAL AAfste] 7] 5A BelF 72 Apdel dasg 7 3 1 -1 -1
AR Agstzal : : ! 0
5 -1 1 0
6 1 -1 0
A2 ol ehed 7 -1 -1 -1
i c= 8 -1 -1 0
9 0 0 1
M= 10 0 0 1
2 Aol A48 A2 AT DAREALAD, A - : 0 }
e 15F HH L At ed, Srle Aey 5% 13 0 0 -1
ol & Abgabdoh AR(F)ALA L, V), Lo LFF) . : 0 !
5 _
Al Aed 1A, gHAd 2] (G A DA, F4b), WE((F) 16 0 0 0
A5 AE), 22 (F)L7) Adeih), &2 34
Q, d e AFo 2t Foste] Al4-sgdv). 25°Coll 4] pH meter(model 340, Mettler Delta Co., Halstead,
A L ES UKIZ 33 0% 349 F 374hg vl st Ane)
/\}?_6’1-131: [} =0 2] Ake L_J_ o é_;ﬂ stalck,
7] MEE AACCUO) W& A% BAste] Azse Lo 105CeA ASE A S s
o 7o wighe Fv)7ERe) 9k 0~20%), w7 A1 7H10~ Az|el HAEM U M
144 9 FEF A Sejud, $472VE)E WA 7IH F7]2] 3 A A 2 s=(spread factor) AACC method 10-
A whe 7w 249 (response surface ethodology, RSM) 50D Wb (10)2 AF&3te] 33 w2 =A3 & PFghe
o o3k AFMAA me} sl 38.81-39F(three- o] &-atsict. A A (mm)oll W F7] 67 Fol(mm)e| vl=
factor and three-level experimental demgn) A& A 5 ol Vel Ao g offe] Alg o] &3le] FeliT)

upet AE-E AAG F AYLAE Fastelr] ¢ahe] AF
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o] 2] 3027} %4 A1 7] & rolling ping o] &38lo] 57
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sl F719) pHe AZEA] 24417 0] A A 85 UK)E 7 E(hardness) % k&7 (fracture force)E 103
ZF5E 1% w/w)gdg vbEo] oFst 3 7 ofAHE Hh8 ZzJ3le] Hphs ol £33t Crosshead?] $x&

Table 1. Independent variables and their coded and actual values used for analysis

Coded levels

Independent variable Units Symbol 1 0 1
Black rice flour % Xy 0 10 20
Baking time min X» 10 12 14
Sugar type - X3 Aspartame Sucrose Oligosaccarides

Same amount for each treatment was used for following materials: 33 g butter, 33 g shortening, 1.5 g salt, 15 g water, and
10 g egg.
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Table 3. Experimental data for the responses on physicochemical properties under different processing conditions shown
in Table 2

Exp. No pH Moisture  Specific volume Spread Color Hardness  Fracture force
""" Dough  Cookie (%) (mL/g) factor L a b (N/mm) (kgp)
1 6.23 545 15.88 0.83 0.83 62.53 1.72 12.99 6.96 0.03079
2 6.06 5.34 16.03 0.69 0.69 81.38  -1.25 28.17 11.07 0.02962
3 6.22 5.60 15.70 0.72 0.72 64.62 1.57 11.50 6.09 0.03155
4 6.42 5.94 15.61 0.75 . 075 53.56 4.08 17.51 29.76 0.17407
5 6.26 5.77 15.44 0.81 0.81 80.15 -262 26.14 16.40 0.04555
6 6.44 6.08 15.76 0.65 0.65 59.24 2.47 897 18.36 0.05107
7 6.10 5.58 16.06 0.82 0.82 83.18 -386 23.54 7.31 0.03384
8 6.29 5.98 15.60 0.85 0.85 81.49 -4.04 24,06 27.88 0.04170
9 6.37 5.77 19.10 0.64 0.64 65.14 1.34 17.26 9.98 0.03621
10 6.36 5.74 18.74 0.73 0.73 66.18 0.99 15.56 10.71 0.03207
11 6.37 5.68 18.72 0.71 0.71 60.37 2.02 11.88 13.55 0.04183
12 6.27 5.59 19.15 0.77 0.77 64.20 1.87 18.80 10.62 0.03485
13 6.17 5.24 17.08 0.80 0.80 71.83  -0.04 15.57 12.27 0.02885
14 6.27 5.70 18.81 0.68 0.68 80.11  -293 27.41 9.90 0.03601
15 6.38 5.80 19.27 0.88 0.88 68.46 0.32 13.77 8.09 0.03676
16 6.35 5.67 1552 0.77 0.77 68.44 0.52 15.90 18.03 0.03920

B Aspartame
EERE Sugar
H8¥ Oligosaccharedes

(a) (b)

Fig. 1. Response surface of pH as a function of black rice content and baking time. (a) dough and (b) cookie.
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Fig. 2. Response surface of moisture content of dough as
a function of black rice content and baking time.
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Fig. 3. Response surface of (a) specific volume and (b) spread factor of cookie as a function of black rice content and baking
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Fig. 4. Response surface of color characteristics of cookie as a function of black rice content and baking time.

(a) L"-value, (b) a"-value, and (c) b -value.
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o HE} e ol Aol Hldl 2 Z W4 $H ) E Sensory
g ne) . . Exp. No.
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2 Az 1 6.55 3.90 6.35 430
. 2 4.95 4.65 4.40 5.55

ssaAt 3 425 6.60 475 345

P52 FAEA 9 A AR Table 40 8985 o] 9l 4 6.40 5.50 820 6.70
hrbe] WL E e Fi o1nd ol o] spo En 5 7.30 455 6.55 6.15
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Fig. 6. Response surface of sensory characteristics of cookie as a function of black rice content and baking time.
(a) flavor. (b) sweetness. {¢) hardness. and (d) color.



Folo] wjgmoh #7]A7k] B2 Fol7se] EFUEY 505

Table 5. The equations derived using RSM for the prediction of the dependent variables (physicochemical properties)

Response The second order polynomial R? Prob>F
Dough pH Y =5302530+0.006693X, +0.053300X+0.662961X,—0.0001 20X, +0.000375X, Xz — 0.001983X" 0.9809  0.0002
—0.000893X1 X3 — 0.010536X2X3— 0.110534X5”
Cookie pH  Y=8626791 —0.024890X, —0.657962X,+1.263946Xs+ 0.000953X,% +0.001000X: X2+ 0.025086X* 09327 0.0068
—0.001321X,X5—0.000893X X5 —0.264672X5"
Moisture Y ==20.597653 +0.055898X, — 0.039495X — 58980375 — 0.004343X,%+0.001375X, X2+ 0.002672X 0.9767 0.0003
+0.006536X ;X3 —0.029107X:X3+ 1.872655X 4
Specific Y =3.327138—0.016788X: — 0.428467X, + 0.144983X5 — 0.000603X,°+0.002375X, Xa +0.017414X5" 05897 05421
volume —0.000857X1X3— 0.009286X2X3— 0.010328X5”
Spread Y =11.7238100+0.048048X, — 0.825256 X + 2.599586X s +0.001267X1”+ 0.004813X, Xz + 0.022931X2" (9666 0.0009
factor —0.037357X: X3+ 0.153214X5X 3 — 0.782862X 5"
L -value ¥ =45.882712— 1.133216X, +7.518981 X2~ 5.304616Xs+ 0.026608X %~ 0.028938X,X2— 0.310043X>" 09810 0.0002
—0.063000X: X3 — 0.303929X2X 3+ 1.816586Xs”
& -valte  Y=6.169502-+0.509966X, —2.113624X-+ 0.22330X,~ 0.11198X,” —~0.014188X X+ 0.107543K,’ 09573 0.0019
+0.033250X X5+ 0.023036 XX — 0.128086 X 5"
b’ -value Y =20.497424 ~ 1.531074X +0.448498X. — 3.532232K s+ 0.033447X2 +0.020750X, Xz — 0.003836 X ° 09669 0.0009
—0.028643X1X3+0.291429X,X5+0.161172X 5"
Hardness Y = —52.639219—2.051 110X, +5.306623X, +49.5961 26 X5 +0.013547X,” +0.124938X, X, — 0.253836 X" 08321 0.0797

+0.168071X,X3— 0.061071 XX — 12.399328X5”

0.051516X3+0.101395X3+0.0001 07,7 +0.000766X1 X +0.001896 X"
+0.000633X,X3+0.002416X2X3— 0.032444 Xy

Fracture
force

Y =0.265054 — 0.011050X, —

0.6034 0.5129

Table 6. The equations derived using RSM for the prediction of the dependent variables (sensory properties)

Response The second order polynomial R’ Prob>F
Flavor Y= —3.352365+ 94017389)(1 +2.081496X,—1.199347X 3 — 0.0034’1}05)(12 +0.001875X, Xz 0.6670 0.3742
—0.116379X5" +0.021786X:1X 3+ 0.244643XX3— 0.694741 X3
Sweetness = —23.352365+0.017389X, + 2.081496X,— 1. 19%47)&%*0003403}(1 +0. 00187)X1X> 0.8122 0.1052
—0.116379X2° +0.021786X1 X5+ 0.244643X X3 — 0. 694741X4"
Color Y =12.848534+ 02]034()24X1 —2.354572X>+4.351121X3— 0.00ZOZf))&f +0.003438X1 Xz 0.9%64 0.0088
+0.105603X,"+0.025357X1 X3+ 0.076786 X X3— 1.278707X3s"
Hardness Y=— 12.337820t0.]82518X1 +1.530018X5+5.984594X3— 0.00%224)(13 —0.012500X,X> 0.8469 0.0630
—0.043103X»"+0.020536 X1 X3+ 0.008036 X, X3 — 1.508793X 5"
g oj= AV E7F T2(150°Clell A Aoz A (coefficient of determination)d}-2 % ¥ 3 total variation)
A7F z2)ebH sk AR s Z)]lEE HoR AL o ™}t explained variation®] B2 A& 5= gl o]
o} g el awg Abgal RHE AR dhube] spAk k- zhe el ale) A8t (degree of fit) & vhebul = A Zolr| =
Aoz vehdid g2 e vEsl duel of  SEH23). Rigte) 1ol sk S AR dale) A gk
50901 sieely] Wz AzhE) o A Slvl e F20R FAF A AT g
F.7)0] Ao Ew] rieko] FrlgpE o] Fria HrtE R EA A RS H917F 05897 ~098102 2 vhehh e
A3 ek ALg3 F7)0) Aol 7pA o FaL I A EE o A5 E2AEAY A 2 3E 9= 06670~0.9264
Abg-gk A B2t A A o' gk o HriE ok G719 2 747k el Joglekarel May(24)= R*gho] Ao % 0.80
ARE Fv] Arbake] ZrbR4E, FAbe] 4@ 4E o4 A% 2 w4 o] Aslrhigood fit of a model)
AErb wobn Wobsodch Age AEe $79 Ansh AAD oled & AR AS F7)9) A, edE
selycfolul G4 7T B2 AR Fy| R Erky g} 2 54 F(flavor) 54E A2 BE FAEA A A%
5 9] =) o] A Elo] B] A7) bakingF WY2r& dfdll A EA g melAle doiviy #okHe)

a
3} (recrystallization) =] = A Aol 2)35}e3 A 3}HA] (hardening
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