KOREAN J. FOOD & NUTRITION
Vol. 6. No, 3, 178~188(1993)

Uk E Bl ofst M7 S22 HIKEH & 215 NHSC)

Physicochemical Properties of Rice Extrudate with Added Ginger
Powder by the Response Surface Regression Analysis

Kwang-Jin Koh
Department of Food Science and Technology, Chung-ang University, Ansung, Kyungki, 456-830, Korea

Abstract

This research was attempted to investigate changes in physicochemical properties of rice extrudate
with added ginger powder extruded by single screw extruder. Graphic three dimensional analysis on re-
sponse surface regression was used to evaluate effects of extrusion variables on quality factors of the
extrudate according to two independent variables, ginger content (~12%, moisture content 14~26%.
The summarized results are as follows:1) Regarding proximate composition of rice extrudate with added
ginger powder, as ginger powder content of raw material increased, crude fat, crude protein, crude ash
and crude fiber increased, while soluble nitrogen free extract decreased. 2) Graphic three dimensional
analysis on response surface regression was conducted for each dependent variable which revealed
statistically significant rclationship with independent variables, 0~12% ginger and 14~26% moisture
content. Expansion ratio had a critical point as moisture content changed. As ginger and moisture con-
tent increased, bulk density, break strength and water absorption index increased, while water solubility
index decreased. The predicted maximum degree of gelatinization in 6.15% ginger and 15.56% moisture
content is 88.27%, and lightness decreased as ginger content increased. According to the microstructure
for the cross section of extrudate obsorbed with image analyzer, air cell number and perimeter revealed
saddle point,meanwhile total area and fractarea of air cell had critical points as moisture content
changed.

In view of the results, quality of rice extrudate with added ginger powder was optimum when rice
flour was fed to the extruder with 2~7% ginger powder and 15~20% moisture content.
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Table 1. Design matrix for response surface
regression analysis
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Independent variables
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X412 pressure 220psi. cross head speed 40sec. mesho]skz et & A7 (spere spectrocol-
/cycle, plunge diameter 56 mm, chart speed 45 orimeter, Color Quest®’, Hunter Lab. Inc., U.S.
cm /min, o]glem, ol & x|t &3 e AAb A)E =33sle] Huntero] #3112 Lab 9 AE
Aol olal) AlZe] AnE 2HESte] AvhdE (break & 8k & L gk(lightness) 1= /\}&SLQiE} ks il
strength : BS)& 131}, E(total color difference)zt& thaAloff oalal
77.5 £7] %] Ak
Agel Aw(psi) = — — X ——— X 3,000
100 100

AE =/ (94.81-L)F(=0.96—a)+(0.43—b)*

Pt — BE=—2—1 AL AL A
1. 78 ol X+ E F2 EF XF
=}

i g3l5 A4 (water solubility index ; WSI) 10. OJMIx BIEH
Y 4§49 R (water absorption index : WAI) rzgEEe  uAFERE 8447 (image
= Anderson®) nhaddl el grEAEle] Buk(g0 analyzer, PIAS, KIT-500, Hirox Co., LTD.,
meshe]3})2.5 gl 500ml91 THTE VIl Aol Japan) & o]&sta] soule=E kst & vy 4
A 305 WHABE W2 3,000rpmell A 108 7F AR (air cell No.), 7]-&9] W&l (perimeter), 7152 ¥
st g dle]l RS fale] WSIE A&k Z (area) W 71Fe] 3}# & (fractarea) S #4rslad
. F WSIE dxzAR lgd #3438t FRdon =5
vehiich Telw AxEe] RS S35l WAL
g dzsigrt Zdx 3 uE
8. 22 1 2let ME e
b2 A& B e =gl o] FrH
YadEEe) 2HeE Kamol I }:Oﬂ e 2AEo] AFES & Al = AElebd QlEAHE
Al 2 74 3R] F 23S glu-
15 200mgs b gshRl - ssuels g of oIy 4 2 Table 29 Lehiaic},
coamylase{ml% 100x°]4, Daiwa Kasei K.K.,
_ . FEAS 2 5ls I
Japan)2 ®HEAIA ABAAE glucose®  Somogi- 2 SrEd¥Ee| ojsheid wE
Nelson!”® o2 A#ksle] 4331t A7 pEEEe delste Az dEAd
Table 2. Proximate composition of rice, ginger and extrudate with added ginger power
Composition Moisture Crude Crude Crude Carbohydrate (%)
(%) fat protein ash
(%) (%) (%) Soluble Crude
Samples extract fiber
Raw Rice 13.55 0.75 6.82 0.13 78.30 0.55
materials
Ginger 8.12 6.51 8.61 7.84 64.06 4.86
Rice : Ginger
(100 : 0) 10.76 (.51 7.21 0.22 81.29 (.51
(93:2) 9.74 .13 7.36 0.47 81.57 0.73
Extrudate ( 96: 4) 10.33 0.67 7.42 1M 79.82 0.75
(94: 4) 10.32 0.79 7.59 3.40 77.34 0.92
(94: 6) 10.32 0.79 7.59 3.75 77.39 1.12
( 7.81

881 12) 8.55 1.34 4.57 76.54 1.19
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Table 3. Physicochemical properties of rice extrudate with added ginger power
Trt. Independent* Dependent variables**
No, variables
GG ~ MO ER BD BS WAI WSI DG
(%) (%) (g /cm?) (psi) (%) %) (%)
1 0~14 1.25 0.0848 127.86 12.80 158.82 86.59
2 0~ 20 1.94 0.1966 160.06 15.06 18.52 85.99
3 0~26 0.75 0.2738 164.02 19.61 14.62 77.09
4 2~ 16 1.66 0.1249 177.54 13.72 20.60 87.84
5 2~ 22 1.60 0.2551 239.60 16.28 17.75 84.02
6 4~18 1.80 0.1880 243.55 14.04 21.38 87.56
7 4~18 1.84 0.1900 234,21 15.14 19.78 87.74
8 6~ 14 1.42 0.0755 161.88 14.55 23.11 87.97
9 6 ~ 20 1.75 0.2772 311.89 15.39 18.76 86.02
10 8~ 16 1.85 0.1692 216.70 15.00 22.04 88.12
11 12~ 14 93.51 16.28 22.91 87.40

*GG : Ginger content, MO : Moisture content.

*ER : Expansion ratio, BD : bulk density, BS : break strength, WAI : water absorption index. WSI

water solubility index, DG : degree of gelatinization,

Table 4. Changes in color of rice extrudate with added ginger power

Trt. GG ~ MO Lightness Redness Yellowness ~AEY
No. (%) (L value) (a value) (b value)

1 0~ 14 779 0.73 10.55 12.43

2 0~20 86.70 -0.34 12.43 14,50

3 0~ 26 88.28 0.01 9.78 11.45

4 2~16 85.20 0.60 13.72 16.47

5 2~ 22 34.08 0.18 14.49 17.72

6 4~ 18 31.39 0.79 16.50 21.01

7 4~ 18 33.23 0.71 16.32 19.73

8 6~ 14 32.96 1.71 15.54 19.39

9 6~ 20 79.11 1.19 18.60 24.11

10 8~ 16 79.49 1.77 18.37 23.75

11 12 ~ 14 78.25 2.72 18.31 24.43

Raw matenials
Rice 91.03 -{0.72 6.98 7.57
Ginger 69.97 3.82 20.99 32.60

a) AE =/ (94.81-L)2+(—0,96—2)>+(0.43—b)? (AE : total color difference)
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Fig.1 Microscopic photographs of rice extrudate with added ginger powder( x 50).
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Trt. GG ~ MO No, of Perimeter Area Fractarea

No (%) (%) air cell (um) (pm’) (%)
1 0~14 248 3670.90 £ 35.65 264291.00 £ 2455.48 37.24%+ 0.70
mean 14.80 1065.69 0.15
2 0~ 20 62 2022.20£175.49 533613.00 £ 64021.87 75.18% 8,57
mean 32.62 8606.66 1.21
3 0~ 26 129 1133.654:30.26 73287.00£11994.77 10.37 £ 2.53
mean 8.79 568.12 0.08
4 2~ 16 157 2860.67 £113.62 418345.31 £27904.60 58.94+ 4.14
mean 18.22 2664.62 0.38
5 2~22 89 2106.52+135.22 427958.69 +42038.5 60.31 = 6.49
mean 23.67 4808.52 0.68
6 4~ 18 108 2512.02£142.45 504422.44 +44457 .24 69.50 6.76
mean 23.26 4670.58 0.64
7 4~18 104 2576.46£163.37 512377.42+45274.72 73.74+ 7.32
mean 24.77 4926.71 0.71
8 6~ 14 179 2446.82 £83.35 314610.50£20476.91 44.32+ 4.21
mean 13.67 1757.60 0.25
9 6~ 20 95 2721.62%+153,53 534454.64 1 48428.58 75.30t 8.03
mean 28.65 5625.84 (.79
10 8§~ 16 91 2223.47:163.54 536374.13 £62984.19 75.56+£10.18
mean 24.43 5894.22 0.83
11 12~ 14 18 1059.88 207,37 617535.81 £118376.58 86.98+17.98
mean 58.88 34307.55 4.83
4 AEYESE OMT= 5. SHHSS7I0| AR HE
Aeta 4 SRl nE e Ee] s Table 68 7} F&95511e] e Aadds o
sPE 7y ol &sta 5owiR wHEE 312 Fig. 19 Bl 7o 9)alg 5%0l A feFlel jole =
P, o) )G s AY)E ol gate] viEar, Tlee A}BE Zoluh, EoA] K= ule) go] WIEL SR &
well, vlgel WA w )yl HEs BA Avhe gnalg, v, weke W vlge] etk gkl o
Table 59} 7to] viebdth. B, wne dudn, $E EF5 A SR g
Table 6. Correlation matrlx among dependent variables
Dependent ER BD BS WAI WSI DG LIG ACY
variables (Yl) (Ys,) (Y ) (Yy) (Ys) (Y(,) (Ys:) (th
ER (Yy) —0.108 0.186 =0.430 0.636* 0.761* —0.677" -0.619*
BD (Y 0.620% 0.676% —0.687* —-0.622* -0.034 —0.484
BS (Yy) —0.017 —0.170 0.051 —0.330 —=0.141
WAI (Yy) —0.551 —(.848 ™ 0.076 —0.440
WSI (Y3) 0.867" —0.661* —{.120
DG (Yy) —0.530 —0.004
LIG (Y7 0.567

AC"" (Yy)

a) AC : Air cell number
« significant at 5%, s significant at 1%, s significant at 0.1%
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Quadratic: Fig. 2. Graphical optimization of ginger content
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MO*(X.%) e NS NS NS NS ns ns ns (ER) of rice extrudate with added ginger powder.
Crossproduct :

GG - MO 2) Y=of CHst AE
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« significant at 5%, = significant at 1%, s significant

at 0.1%, ns: not significant
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Fig. 3. Graphical optimization of ginger con-
tent(GG) and moisture content(MO) for bulk den-
sity(BD) of rice extrudate with added ginger
powder.

Fig. 4. Graphical optimization of ginger con-
tent(GG) and moisture content(M(Q) for break
strength(BS) of rice extrudate with added ginger
powder.
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Fig. 5. Graphical optimization of ginger con-
tent(GG) and moisture content(MOQ) for water ab-
sorption index(WAI) of rice extrudate with added
ginger.
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Fig. 6. Graphical optimization of ginger con-
tent(GG) and moisture content(MQ) for water
solubility index(WSI) of rice extrudate with
added ginger.
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Fig. 7. Graphical optimization of ginger con-
tent(GG) and moisture content(MO) for degree of
gelatinization(DG) of rice extrudate with added

ginger.
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Fig. 8. Graphical optimization of ginger con-
tent(GG) and moisture content(MO) for lightness
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Fig. 11. Graphical optimization of ginger con-
tent(GG) and moisture content(MO) for total area
of air cells(AR) of rice extrudate with added gin-
ger powder.
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Fig. 12. Graphical optimization of ginger con-
tent(GG) and moisture content(MQ) for fractarea
of air cells(FA) of rice extrudate with added gin-
ger powder.
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