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Optimal Condition for Manufacturing Water Extract from
Mandarin Orange Peel for Colored Rice by Coating

Sung-Soo Seo, Kwang-Sup Youn, Seung-Ryeul Shin' and Soon-Dong Kim*

Department of Food Science and Technology, Catholic University of Daegu
"Faculty of Life Resource Engineering, Daegu Hanny Univesity

This study was conducted to optimize the water homogenization process of mandarin orange peel for colored
rice. Four variables were used to determine the optimum conditions for homogenization speed, time,
temperature, and water volume with a five level central composite design and response surface methodology. The
process was optimized using the combination of EI and b values of rice coated with water extract of the
mandarin orange peel. The effect of water volume was the most significant compared to the other variables on
the quality of water homogenate. The regression polynomial model was a suitable (p>0.05) model by lack-of-fit
analysis showing high significance. To optimize the process, based on surface response and contour plots,
individual contour plots for the response variables were superimposed. The optimum conditions for
manufacturing water extract from mandarin orange was with 8,500 rpm homogenization speed, 2.8 min time,
53°C temperature, and 42 mL water volume with the maximum of restricted variables of EI above 400 and b

value above 24.
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Table 1. Levels of independent variables in experimental design for water homogenate process of mandarin orange peel

Level
X, Independent variables
-2 -1 0 1 2
X, Homogenization speed (rpm) 6,000 7,500 9,000 10,500 12,000
X, Homogenization time (min) 1 2 3 4 5
X, Homogenization temperature (°C) 30 40 50 60 70
X, Water volume (mL) 10 20 30 40 50
9]°] flavonoids® A} Ei= F&oledt Hdg FA s FZ3 5 glass ﬁlteri oj7slom, o] oo FU F2
A BelZkolu) electrophiles 2 #ital x| Ze] S do} etherZ 718le] A FZ3199v}. Ether F&H-E 451 nmollA
M EZRZE D 73] £494)) 23PA], 42314 2] o EFEE 248921 B-carotene®] extinction coefficient
g golo] gl Ao T WE AT Qrpize, 25008 #g-ate] 3 ALt (mg%h =04X0.D.,5)00 &5t
oo we} & AfoME olerh: At Ve RS g &Sk
A AW Azge] ERy FEAY AxxdE JE
st EHd] o] ks carotenoid®} flavonoid lH] Hesperidin®t naringin@| &2
2 59 f718ve} dR g §alE Eolle A &3l Hesperidin¥} naringin—— Song T®<9] Wil ulz} T
A &g B ooly fAm Az wEl 4T 4 e 7 2 FEA] AL cheese cloth(Calbiochem. USA)E &
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Table 2. Effect of preparing conditions of mandarin orange peel for water homogenate on the yields, color of coated rice and content

of carotenoid, hesperidin and naringin

Total  Hesperidin Naringi Rice color?

No ?r%?:)i (THHIIIIS T?g? vz?ltr?e carotenoid (m§/100 (mg/ 1%](1)l EIY
(ngml) —mb) — mL) o b bfa
1 10,500 4 60 40 0.26 321.6 83.2 405 5.63 524 0.93
2 10,500 4 60 20 0.13 129.0 38.8 168 5.31 19.14 3.61
3 10,500 4 40 40 0.24 294 4 74.0 369 5.84 25.78 4.41
4 10,500 4 40 20 0.17 142.8 56.4 199 522 19.32 3.70
5 10,500 2 60 40 0.26 305.6 69.2 375 5.53 23.78 432
6 10,500 2 60 20 0.16 146.4 354 182 5.50 20.11 3.66
7 10,500 2 40 40 0.26 258.0 90.8 349 5.68 26.53 4.67
8 10,500 2 40 20 0.18 124.6 52.0 177 591 18.92 3.20
9 7,500 4 60 40 0.26 252.8 121.6 375 598 23.02 3.85
10 7,500 4 60 20 0.17 154.6 454 200 5.63 19.88 353
11 7,500 4 40 40 0.18 2744 724 347 6.73 24.78 3.68
12 7,500 4 40 20 0.17 161.0 36.2 197 5.99 20.11 3.36
13 7,500 2 60 40 0.30 287.2 96.8 384 6.90 26.24 3.80
14 7,500 2 60 20 0.16 129.0 65.8 195 5.62 19.61 349
15 7,500 2 40 40 0.28 218.0 97.6 316 5.62 25.11 447
16 7,500 2 40 20 0.19 1454 50.0 196 6.07 18.70 3.08
17 12,000 3 50 30 0.24 2304 714 302 6.35 27.29 4.30
18 6,000 3 50 30 0.24 2154 67.5 283 6.18 20.97 3.39
19 9,000 5 50 30 0.23 204.6 80.1 285 6.21 20.87 3.36
20 9,000 1 50 30 0.20 160.8 87.0 248 6.25 21.88 3.50
21 9,000 3 70 30 0.20 2154 125.7 341 6.15 21.19 344
22 9,000 3 30 30 0.20 2142 128.1 343 5.84 20.52 351
23 9,000 3 50 50 0.35 284.0 134.5 419 5.79 20.64 3.56
24 9,000 3 50 10 0.11 83.2 23.5 107 529 17.17 3.25
25 9,000 3 50 30 0.21 226.5 108.9 336 744 32.88 442
26 9,000 3 50 30 0.21 3177 69.3 387 6.26 20.41 326
27 9,000 3 50 30 0.21 226.5 106.2 333 6.39 19.57 3.06

VEI was the extraction index of water homogenate process(carotenoid+hesperidin+naringin content).
100 g of rice was coated with 20 mL of water homogenate of mandarin orange peel.

Table 3. Correlation coefficients between independent and response variables for water homogenate process of mandarin orange peel

Total carotenoid  Hesperidin Naringin

(ugmL)  (mg/100mL) (mg/100 mL) El L a b bla
Speed (pm)  -0.037* 0.077 -0.103 0.022 0222 0.282 0051 0.061
Time (min) 0.112 0.121 -0.057 20011 0.157 -0.046 -0.200 -0.224
Temp (°C) 0.022 0.065 0.029 0.082 0.054 0.027 -0.176 0.202
Water volume 0,891 ##* 0.879%#* 0.719%** 0.877%%* 0.433%+ 0.288 0.267 0.179
*p<0.1, **p<0.05, ***p<0.01.
extraction index(EDE AG3le 2 o] #aHES ol Jehided o] AGE olgsle] Wy A& &
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Table 4. Regression coefficients of second order polynomials” representing relationships between indicated response variables (Y,)
and independent variables of homogenization speed (i or j=1), time (i or j=2), temperature (i or j=3) and water volume (i or j=4)

Coefficients

EI a b b/a
BkO -850.436585 -12.026767 -191.583377 -21.380866
Bk1 0.147689 0.002264 0.016415 0.001541
Bk2 126.705088 1.169590 21.506035 3.141468
Bk3 2.206535 0.194418 2.887561 0.318828
Bk4 9.312254 0.167126 2.790728 0.393397
Bk11 -0.000009 -0.000000 -0.000000 -0.000000
Bk12 0.001250 -0.000031 -0.000582 -0.000116
Bk13 -0.000258 -0.000002 -0.000110 -0.000015
Bk14 0.000575 -0.000005 -0.000054 -0.000009
Bk22 -20.464868 -0.118334 -0.891031 -0.055245
Bk23 -0.387500 -0.009375 -0.169813 -0.019250
Bk24 0.362500 0.008750 -0.124563 -0.032250
Bk33 -0.015899 -0.001771 -0.009403 -0.00440
Bk34 0.113750 0.000813 -0.018494 -0.003300
Bk44 -0.213399 -0.002908 -0.014278 -0.000615

k

kK k
Y, = B+ z B.X, + z 2 Binin+8

i=1 i=lj=1

Table 5. Analysis of variance showing significance of effects of processing variables on the color of coated rice and extraction index

F-Ratio
Process variables DF
EI a b b/a
Homogenization speed (rpm) 5 3.27%* 1.95 0.70 0.70
Homogenization time (min) 5 5.17%* 0.74 0.98 1.53
Homogenization temperature (°C) 5 1.51 1.14 1.63 1.63
Water volume (mL) 5 8471 %+ 3.28** 1.63 1.86

*Significant at 10%, **Significant at 5%, ***Significant at 1%.

Table 6. Analysis of variance showing effects of treatment variables as linear or quadratic terms and interaction (cross product)
effects on the color of coated rice and extraction index

EI a b b/a
Source PF Sumof — p pop  Sumof o op Sumof s Sumol b E
Squares Squares Squa.res Squares
Model 14 197092 <0001 725 0.4001 465 01328 35418 04515
Linear 4 173,537 <0001 156 0.5136 139 01573 9941 04172
Quadratic 4 20448 0.0004 0.16 0.9885 2.76 00280 6308 06230
Cross product 6 400750 02518 5.56 0.1357 0.50 08108 19169  0.3039
Residual 12 526431 541 208 281.00
Lack of fit 10 342231 08839 1.08 0.6708 1.2 09236  169.88 09192
Pure error 2 1,842.00 433 0.84 111.12
Variability explained (R?) 0.9741 0.5727 0.6909 0.5576
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Table 7. Predicted levels of process variables yielding optimum response of the color of coated rice and extraction index

Levels for optimum response

Process variables
EI a b b/a
Homogenization speed (tpm) ~ 22,570.00 (8819.04)” 8,187.86 (7546.81) 7,502.94 (9137.00) 9,408.80 (8628.59)
Homogenization time (min) 17.02 (3.13) 3.12 (4.67) 0.69 (3.00) 341 (2.11)
Hmoge“;;:%?g)‘empem' -1,779.54 (60.99) 50.49 (45.79) 67.19 (35.94) 52.27 (40.95)
Water volume (mL) -407.60 (45.87) 33.55 (37.95) 36.97 (41.84) 20.74 (45.08)
Predicted value -1,966.47 (446.80) 6.78 (6.50) 26.05 (27.66) 3.64 (4.69)
Morphology S.P." (Max) S.P. Max) S.P. (Max) S.P. (Max)

bS.P.=Saddle point.
PValues in parenthesis are gained by ridge analysis.

1-e 1-f
Fig. 1. Response surface on EI for water homogenization process with speed, temperature, time and water volume as independent
variables.

TE 7t BSuse) MM Yejsk o2 g 22T o) Fol AY Pl
PP SPnse] 2AS YEIdlh 7 $5use BE Jeht 54 2ae

i 2
B

Y

i)

o

N

X
&

fr

2

o

i o

wd ofh



e A Az HHs) 889

2-e 2~f

Fig. 2. Response surface on b value of coated rice for water homogenization process with speed, temperature, time and water volume
as independent variables.

el BAISIE S o] W EL= 446.80, b values 27.662 9 & el wE EI9] WalkFig 1o F7HEs B9
2 o= A¥x1E Jehhidit FE FMEFE §438 TRk IS Eislod &+
Agl exolE a2tk TS LA fe A= UEAR

Hz=Z=20| oE 2vEYel FESY ol Bt ejshd Fure] A FEA FE2E7H S
BRHS F frefgol It AaE EISt b valued Fholl wet o] FIHITRL st E Aehs HE AL

At MFR ste] APF7heaie] Wel ;é;’-_ ot I A; 2 Jepgtth Fig. 1-de 4231 259 Ao wE E1el ¥
stick. WA A3t ot A3t Al W EIe] W3t 3= Yeid A3z #8325 gisixe AL F3Fe] #
AE(Fig. l-aE 292 3 Bl 23 £=71 8500~ glovt FA3E A7k wWEbE 3.0~3.58904 AW g o

9,500 rpm, &3} A7k 3.0-352Y w HAES yeh) ey & ol RolA] gtk ey oA
of AdFfM Huldo] EXfsilor #d3} 9 & Hele] FEA] FEAI7H] 7t wet S7Fa Has
o] FA7VFE WEE S A9-Fig 1-bel Bl +3d & 7ol Ru®el= thh 2ol UTh &9 HrEkE #Ast
9 F7k) WS E & F7PF fidiey B Ak & A|Zre] Wt wE fEAE FE5EY WelkFg 1oF
TINATE FA3) S8k AES 1o FE0 o] B9 AWRE FAs e 2 JTFS JeEhA] g bk
A7reko]l 223 Wz A8 4 5 AUt #2s & 2o INEe F7MESE S7HEt 40-50 mLeA Aozt



890 =t E 382 A 35 A A 5 E (2003)

-y \
g 320
2 ) |
3 = \ . %
z 32 40//
[
= o5 ‘%D\ 2
< ¢
= a4p, m/»/
3 /s
20 4 ~.. 24— o 160/
>~ T2 ;/
" Bo— I
~Z 160———"""
. -~
- .
@ ~6_ .
10 . . T el T
6000 7000 8000 9000 10000 11000 12000
Speed (rpm)
—E ——b

Fig. 3. Contour plots on water volume and speed for water
homogenization process of citrus natsudaidai peel under
EI>400 and b value>24 at 3 min of time and 50°C of
temperature.
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Fig. 4. Contour plots on temperature and time for water
homogenization process of mandarin orange peel under
EI>400 and b value>24 at 8500 rpm of speed and 42 mL of
water volume.
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Table 8. Optimum water homogenate process of mandarin
orange peel for maximum responses of EI and b values by
superimposing their contour maps

Water homogenate process _ Range Of. . Op tirpgm
optimum condition  condition
Homogenization speed (rpm) 7,800~9,400 8,500
Homogenization time (min) 2.0~3.5 2.8
Homogenization temperature (°C) 45~60 53
‘Water volume (mL) 38~45 42
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