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Optimization of the High-Pressure Condition for Rice Protein Extracting
Using Response Surface Methodology (RSM)
Ha-Na Ra, Sa-Ra Park, Ha-Yun Kim, Yong-Sik Cho, Kyung-Mi Kim*

Department of Agrofood Resources, National Institute of Agricultural Sciences, Rural Development Administration

Abstract

The purpose of this study was to optimize the rice protein extracted using a response surface methodology. The
experiment was designed based on a CCD (Central Composite Design), and the independent variables were the high
pressure (X;, 0-400 MPa) and processing time (X2, 0-10 minutes). The results of the extraction content (Y1), residue content
(Y,), and recovery yield (Y3) were fitted to a response surface methodology model (R?= 0.92, 0.92, and 0.93, respectively).
Increasing the pressure and processing time has a positive effect on the extraction content (Y3), residue content (Ys), and
recovery yield (Y3). Therefore, these high-pressure conditions (independent variables) can significantly affect the
improvement in rice protein extraction efficiency. Thus, the optimal conditions of X; and X; were 400 MPa and 10 min.,
respectively. Under these optimal conditions, the predicted values of Y1, Y, and Y3 were 62.93, 57.53 mg/g, and 91.76%,

respectively.
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o] o] w2 FAZF Ao FE2EES =o|7] g Wt
< BAT 97} dk(Jariwalla 2001).
ZIPAE 7S TG dEjoA B 24
HlE FEAA 58 AU Fr8AEES e eE F
Z3= 7H871%0|tk(Balci & Willbey 1999). 2! (Yoon et
al. 2019), TJ5(Weon et al. 2013)594 54 71543 A&
55 910 1 858 Wkl S8l YA Tes
AL AFEo] RaFy gJor, W WHJung et al.
2015)°]LF thiHH(Lee et al. 2014)Y52] 715442 Heks7]
L3l o] &3s7= gt AN A whilE & Ao A8
H dArdae BaE vt Qo] YA E B FE =
= gkt st
olof £ AdX e 7] & Tz F5 A 4] A
gof] mE ¥ F&S FHATI] S8 2y ARE W
3t RESHEARAH S Sall 23 Aexds HAs)

ST},

flEL

N d7HE o g

2 ARkl Sk FE<1 EE(Boramchan)
2 AT Rezke sl uge Aeld ¥912 4
ol ARg-std o, =743k 22 air mill (Nara machinary
Co. Ltd., Japan)Z A&3kd 50 um W2le] dx=a712 24
stk 228 vude] FAL BHH A Aloke
copper sulfate, sodium citrate, sodium carbonate, NaOH,
Folin-Ciocalteu phenol reagent, bovine serum albumin

Sigma (St. Louis, MO, USA)°IX £ 3ke] AR5l Th.

2. Mlgel
Zgh Aol e A vNd e HANE 9% 4

A
¥ T]A<1S Minitab 18 TEIZPOZ WS FHEXAY
(Response surface methodology; RSM)E ©|&3}t}. 23
A =00 e @A RS s 4 (200, 350, 500
MPa)#t AlZHS, 10, 15 min)ol] whe 2 Tl 2530 &
Mg At AdAIg Auidd A9E B Y
“d % (Central Composite Design; CCD)2- ©]-&-3fe] 3¢t
A2 E 913 4 (Xy; 0-400 MPa)Zt A1 7HXy; 0-10 minyS
=R AAseH, -1, 0, +12 F-38fsle] Zhzte] %
A& W3} siti<Table 1> THUFE 27] 75 T
(Yy; Extraction content), 311 2 T 3FK(Y,; Residue
content), 3]5&(Y;; Recovery yield)Z 3793} c}.

<Table 1> Experimental points of extracted rice protein by high
pressure processing for response surface analysis

No." X; (MPa)” X, (Min)
1 0(-1) 0(-1)
2 400(-1) 0(-1)
3 0(-1) 10(+1)
4 400(+1) 10(+1)
5 0(-1) 5(0)
6 400(+1) 5(0)
7 200(-1) 0-1)
8 200(0) 10(+1)
9 200(0) 5(0)
10 200(0) 5(0)
11 200(0) 5(0)

DThe number of experiment conditions by central composite design
for manufacture.

2X,; Actual High Pressure Processing (MPa) and coded level, X»;
Actual Process time (Min) and coded level.

o "ol Ua- sted =0, 200, 400 MPa)=}+ AlZE (0, 5,
10 min)S 243t 2T 47](CIP-L3-100-400, ILSHIN
Autoclave Co. Ltd., Daejeon, Korea)E ©]-&3ko] 125}
ok 239t A7t 2 o Y4EE]71(VS-24SMT, Vision
Scientific Co. Ltd., Bucheon, Korea)E ©|&3}o] 8,000xg
oA 1027F AAEE & A4S skt £EE s
el 0.IN HCIE H7Fste] S50 (pH 4.5)2.2 243t
chlAs A7 F 8000xgol A 1087+ 9AEE] &%)
ot A wlEe FASl FRGTE YA pH 72 T8}
Al

3

23 & TiAe LowryH (1951)0) F3ke] A akslict
=, A%} B $(A: SFF 100mLel| 0.5 g CuSO, - 5H,0
9} 1g NayCHsO; - 2H,0 &3, B: 7 1Lo] 20¢g
Na,CO;9} 4g NaOH £3l) Al & A& 0.5mLel 2.5
mLe C €9(ImL A €93 50mL B )& 7pst &
1057 Ao WAt 2 &, D £4(10mL Folin-
Ciocalteu phenol reagent?} 10 mL S-/F<) 0.25 mLS 7}t
of T F 2087 Aol AR v 750 nmellA 53 =
& =43 ET24S bovine serum albumin (Sigma,
St. Louis, MO, USA)S.2 2J3I3Th.

5. SHIX2|

A& A3= SPSS (Statistical Package for Social Sciences,
SPSS Ins., Chicago IL, USA)E ©]-8-3}o] W} EFHAZ
F718Ktt. Wr7ke] a8 doti ] 918t Minitab
ver. 18222 7889 ANOVA test B! 3]7134]8 o831,
model®] AEA o= Fest2 FS HAZ3A
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<Figure 1> Rice protein content according to high pressure pro-
cessing (mg/g)

DedMeans with different superscripts in the same column are

significantly different at p<0.05 by Duncan’s multiple range test.
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<Table 2> Extraction content, residue content, and recovery yield
of extracted rice protein by high pressure processing

Responses
No."  Extraction content  Residue content Recovery yield
(Y,, mg/g) (Y,, mg/g) (Y3, %)

1 37.45+0.28°") 22.40:+0.32¢" 59.81+0.44°
2 38.23+0.39¢ 22.24+0.33" 58.18+0.86%
3 38.67+0.08 23.34+0.23"% 60.36+0.64%
4 65.07+1.51% 60.35+1.27° 92.75+0.79*
5 39.50£0.37¢ 23.15+0.57% 58.59+0.91%
6 58.86+0.73" 52.64+0.60° 89.45+1.42"
7 39.73+0.55°" 23.69+0.29" 59.62+0.37°
8 42.11+0.42° 27.09+0.53¢ 64.34+1.57¢
9 40.47£0.91% 24.88+0.32% 61.49+0.62¢
10 41.13+0.11 25.01+0.13¢ 60.80:£0.42%
11 40.01+0.62% 24.02+0.28¢ 60.04:£0.61%"

DThe number of experiment conditions by central composite design
for manufacture.

P All values are meantSD (n=3).

dhMeans with different superscripts in the same column are
significantly different at p<0.05 by Duncan’s multiple range test.

A o] 2ShER(Y X 37.45-65.07 mg/gol . om 51?;
oS @@%(No o] FE3H] 94
). HhHo 400 MPaol A 105 59t % %
%%@} ko] 04;(4__@_ 7}1} l-:ol
(p<0.05). AAE 2 Tz SFEE(Y,)S 22.24-60.35 mg/g
2 Y AR 4945 2ok ol E 382 58.18%¢l
A 2T75% M 23 Arlxdel mE zpol7t E AoR
YERETE 400 MPaollA] 102 &9t 2] g A3 (No. 4)<]
35go] FoFoR 7P B9, I TR0 2 400 MPaol
A 5 Fok 2123k AT (No. 6)F Yeh} 2 thzo] 3
F&o| 234 Ao wEt STk AHE BT mEbA,
o] 27A & G S FE3= 78] WA =
2l 29T E WA Ae, & dilHo) 35S |
HFHoZ wY F e Wikte] H Zo= A=
Els ﬁ%ﬁ A= <Table 3>3 72
(Y) 2 A" & chald gek(Y,)
0.0072 eSS M (p<0.01), R2%He]
AHE BAT 348(Y5)2 p-value’t

Z¥z}e] Z4&H S

S = T
oh g child FE9her
9] p-valuee= Z+7+ 0
0922 1§ =&

<Table 3> Analysis of predicted model equation for the physicochemical properties of extracted rice protein by high pressure process by
response surface method

Polynomial equation

Response Model ~ F-value  Prob<F  R?Y
Extraction content (Y;) Quadratic 12.62 0.007 0.92
Residue content (Y3) Quadratic 13.26 0.007 0.92
Recovery yield (Y3) Quadratic 13.45 0.006 0.93

39.77+5.79 MPa+3.35 Min+5.24 MPa>+0.85 Min*+7.94 MPaxMin
24.08+8.67 MPa+4.49 Min+7.61 MPa*+1.27 Min**11.41 MPaxMin
60.54+8.60 MPa+4.21 Mint+6.99 MPa’**1.15 Min’+10.27 MPaxMin

Y0<R?<1, close to 1 indicates regression line fits the model.
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<Figure 2> Response surface analysis and contour map of extracted rice protein depending on high pressure and time
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<Table 4> Optimum constraint values using high pressure analytical methods in the object goal

Constraints name Goal Numerical optimization
. High Pressure Processing (X;) In range 400 MPa
Independent variables . .
Process time (X;) In range 10 min
Extraction content (Y) Maximize 62.93 mg/g
Responses . -
(dependent variables) Residue content (Y5) Maximize 57.53 mg/g
Recovery yield (Y3) Maximize 91.76 %
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