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Optimization of Layered Rice Bran Meal Replacement Powder
Formula of High Dietary Fiber Based on Linear Programming Method

XIAO Zhigang, CHEN Lan, YUE Chengcheng, SU Lina, LI Ruizhi, WANG Peng"’

(College of Grain, Shenyang Normal University, Shenyang 110034, China)

Abstract: With four layers of rice bran, soybean powder, purple rice powder, mushroom powder, corn powder, sweet potato
powder and red date powder as the main raw materials, the linear programming method was used to design the layered rice
bran meal replacement powder. Five kinds of layered rice bran meal replacement powder formulations were obtained under
the main constraint that the dietary fiber content was not less than 13% of the total quality, and the price was not higher than
six yuan/share. The optimal formulation was further determined by sensory evaluation, hydration characteristics and
comparison of free radical clearance. Results showed that: The optimal formula contained rice bran 1# 30 g, rice bran 2# 30 g,
rice bran 3# 98.68 g, rice bran 4# 34 g, soybean powder 22 g, purple rice powder 26 g, mushroom powder 14 g, corn
powder 10 g, sweet potato powder 18 g, red jujube powder 30 g. The optimal formula had 16.03% dietary fiber content and
sensory score of 80 points. At 25 and 100 °C, the water absorption indexes of meal replacement powder were 1.07 and 1.19,
water solubility were 68.46% and 71.22%, the expansion potential were 3.38 and 4.15. The free radical scavenging rates of
DPPH and ABTS™ were 42.59% and 57.52%. The layered rice bran meal replacement powder had high dietary fiber content
and strong antioxidant activity.
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FEl B PRI B 2020 4FE R0 88 2 iH, 3 [
Bt 2 AR R A A — . R R TR
JERIEELA4HEA S EA R, MIEELT 4t Age
PR AR INRgy ok 28 285 A W AT, S0 202 3 A9 () K i,
I AR I AE [ . g LA L Se8 O« e IR LA R T
BIPAEPRIG A RAF R, AR 4 R A 4%
SR, e EE R EIEE LY PR AL 13 g/d, T
L EH R RSB IR SN L YEittialy 30.2 g/d,
JE 2T A5 A AN 2 5 S ] EOH PR . e I
PRI K A FRIBAT G i — P FR B R A

KM & KRR IS T 4E AN HAh 2 R SR T e
PR, AT TR AR IS E05 VR A0 s il i
Bl 2Rt N 25 FTE IS, R B
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FO DO 2 KOREE, 57 PR A K AL EL AT R 35 IR B G . G AR
(FAR<0.1%) IERS, X FLR TR SRR T 278
VAR A A I PO R RO RSz AT |
AL A T BAL RS AR AR | e s A P AR S 19 DA o
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LIRS (LP) 8 Tia Zf b i — R S FH Y
SR TR, e v B S R e T B, GBS
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8, AALEEW AR EE H B IR IE R 75K, 68
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A SR B SAL, S CE R EC T ALk, teAh, i
S AR HEA T E PP . BRAL R T R R A AL R
FI53HT, Rl A A5 )2 A A R B T 2 1L
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1 MRS E®
1.1 MRS

PUJZEKAE A 22 R B AT B R K
Y. R R Ry 4Ty gk T
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Scientz-150 = R AL TG AR IR

By A BRAN ] SD-1500 SEEGAIMTZE THEML iRl
BLHEEAH R F; UV-5100 BUERANSE6RET Bl
TEHHAR AT
1.2 SLWHE
1.2.1 KHHRERL RIS THAR 10 BB —JmK
K —50 Hifidik—m BB mEss T8
1.2.2 KRB EZ A DU KRB C S oo
L#. 2#. 3¢, 4#, TGN LM Iy . B, 213
A FILT A e —E B ELBRER S, AL 1:20 g/mL
MIZEARR R BP0 e W, FH 50 B i b rad 3%
W, SR )G Zoat v IR 5T (400 MPa, 5 min) AT 5E T4
AEFE (B35 5 77 0.25 MPa., 3R 8450 mL/h, XL
TREE 160 °C . PUXE 50 m’/h), RITTISSM RS
1.2.3 £RPERLRIEL S T 3 ARG 7 ARl A |
G R AT PR B AR T I O SR FHER R
AT Z B R L e T, vh S RIE S IR
FiE A RS P EEY TR

LR T v B AR : 1 X, SR HR A R
BT R, X, oRHE 1#. X, ARME 2#. X, oK
3#. X, SRR a# . X MR TR . X MEKRR . X,
ALY Xg B ERH . Xy WL X, WLLH
Ay, LIk 14 dse IME Ry I AR pREL, TR AN T

H AR pR%L:

F(min)=0.00126X,+0.00126X,+0.00126X,+
0.00126X,+0.038X+0.05X,+0.05X,+0.024X o+
0.024X,+0.038X,

2 S

a. B

350.32X,+356.32X,+363.80X,+360.91X,+
390.00X5+346.00X +274.00X,+384.00X4+61.00X o+
276.00X,,= 104000;

b. A

14.04X,+14.26X,+15.58X,+18.20X ,+35.00X s+
8.30X,+20.00X,+8.70X+0.70Xy+3.20X , , = 2600;

C.HE%:

16.82X,+17.98X,+16.30X;+14.81X,+16.00X s+
1.70X +1.20X,+3.80X+0.20X+0.50X , , = 2890;

d ARG

22.72X,+22.48X,+29.22X,+29.47X ,+34.20X s+
75.10X+61.70X,+73.00X4+15.30X,+67.80X ,, =
4800;

e JIEE £ 4.

25.95X,+23.77X,+18.95X,+18.47X,+15.50X s+
1.40X +31.60X,+6.40X+3.00X,+6.20X,,= 1000;

£.LADUIE 532 K008 SR 3222 50K, HE 2 Rhgl il
B TR EE H, XTI A L BB B AT 4R S i T eSS AT,
S H DA 2y 2514

X, =30; X,=30; X;=30; X,=30; X, >X,,+5;
X, 0> X +55 X>Xs+5; Xs>Xo+55 Xg>X,+5; X,>X+55
Xg>10.
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1.2.4 BEIFN  BRETEMN TIAZS7% GB/T 29605-
2013 #H47. EMAEMEWT: 10 B A &Ly
SEep A A BURCE P RE /INL, ZINEE R B XU | TR
58 | R PO TG AS RS T 43 2 AR R oy
HHATECE VRS, FEPLHAE S 2[RI BE 3 min'™, B45
SN 100 53, BB TEFRAE DL 1,

R1RETEN bR

Table 1 Sensory evaluation criteria
EE SR PR bR IE
T AR, TR SR (17~25 43)
7S B E AR, TEHAL R (9~16 43)

Bkl HA IR T 2 Y, A R (0~8 43)
A FUE . A, A8 BT (17~25 43)
& A FUIBEH | e, B & (9~16 43)
A THLRE, 0k g™ =, AR 22 (0~8 41)
HEFREELF, BiEIy5](17~25 43)
ks TG, B RIANIY 5] (9~16 43)
B, Bl AR 5)(0~8 41)
PR SO A, TCAE R, TEUTTE (17~25 43)
Oy R, G5 D, IVFITTE (9~16 43)
YRS, YR %, UTTEZ (0~8 41)

AR

1.2.5 KERFMEMNRE =% Heo 451 1Y I HEAE
. FREX 0.5 g BESH T 20 mL ZEiR/K IR S), 7F 25
F1 100 °C 43r5Bhn#E 30 min, 10000 r/min 250> 30 min,
SRIGH FIEWTE 105 °C /M ML =1EE, il
m,(g); ELENTLIERE Y m,(g); HEM BTN
m(g), BRI,
IR WAD = —
KIETEWS, %) = 2 % 100
m

m,

- 2509
100

[ K #4(SP) =

1.2.6 SrEttle S5 a/ gt ik, ¥ 1.0 g
FESL THOIER P IR A 25 mL 28487K, L 300 r/min

LU TG 13, B AR S 0 AU, 1O SRR T
FEstaE]
1.2.7 FARGSSENE fEEWE. S (EMNE
FEIREFHAMNE ), gEEITHE AW T : g2
(keal) =& [ 5T (g) x4-+5 i (g) <9+ /KA 51 (g)
AHEEET4E(g) <25

KA G B e . 7% (S TR S B
FLE Y, K ALE W A =R K& W=
100—FE )5 (100 g) -8 (100 g)—7K43(100 g)—IK
53 (100 g)—EELF4E(100 g)

BRI E: GB/T 5009.5-20164& P4 H 5
I PILEG R /UL )s

W5 5E : GB/T 5009.6-2016 £ i G 15 i i)

AR ICHHHETS );

EEr LT 452 : 218 GB 5009.88-2014 £ i
JiG B £ 4 (I 72 T TR v R I O v -VRORE i
U FEATIRE o
1.2.8 DPPH HHAEIERFIE 2% Elizabeth 557
FOTT T 5 dHAE RIS T DPPH [ H LS53R e o
1.2.9 ABTS'HHAIFERENE =% Liu 55 1Y
J7EEXT 5 dHAES T ABTS' [ HH LR RA0 I & .
1.3 HIEAIE

SIEPATINARE 3 IR, LAV EIEEbR HE 22 R0, 2L
PEFIFH SPSS R4t T4t i AL Y, 32 FH LINGO %A
PATECITBET, SR Origin K FHEE
2 FBR5HH
21 ERERRIERMNE

BEFH DU KM . R0y . K0y . Fafr . oK
oy LBy L LAk Sy i), LEARE SR E S R Y
A% LR 2,
2.2 PRERIZRFH T RBREMECS

MR IR AR A, FIH LINGO R4 12k
FLRITZ T, BIT 45 H R 236 3 oy — &Rk S
T ik (5.48 J6) o

TEREELAA S EAMET BIEE 13% HMsAas

X

K2 EURHE IR R MY KA

Table 2 Nutrient composition and price of raw materials

N e %ox o
ek A i (kcal) (e Tl () BN AW () WL () i tke)

KA 14 350.32 14.04 16.82 22.72 25.95 1.26
KA 356.32 14.26 17.98 22.48 23.77 1.26
KB3#H 363.80 15.58 16.30 29.22 18.95 1.26
KA 360.91 18.20 14.81 29.47 18.47 1.26
Kk 390.00 35.00 16.00 34.20 15.50 38.00
ES/ S 346.00 8.30 1.70 75.10 1.40 50.00
BBy 274.00 20.00 1.20 61.70 31.60 50.00
TR 348.00 8.70 3.80 73.00 6.40 24.00
15 61.00 0.70 0.20 15.30 3.00 24.00
AR} 276.00 3.20 0.50 67.80 6.20 38.00
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Table 3 Rice bran meal replacement powder formula 1

JEkH it (g)
KA 1# 30.00
Ktfin 30.00
KAE3# 80.83
P Zh 40.00
KW 25.00
AN 30.00
s 15.00
FH 10.00
215k 20.00
AR} 35.00
B 315.83

BT 6 TN IIEATT , S MR SR i BT 453 55 4
PUASEC Ty, 36 4 R LR PR a0 v SR it HH 1Y 4 ¢H D
TR,

Fz4 OKECERET . = W, K

Table 4 Rice bran meal replacement powder formula 2, 3, 4

and 5

JERE Bl — fid = fic 77 Py LAy
KHE1#(g) 30.00 30.00 30.00 30.00
KHE2#(g) 30.00 30.00 30.00 30.00
KAE3#(g) 98.68 69.93 75.08 86.58
KhEan(g) 34.00 39.00 41.00 39.00
KK (g) 22.00 27.00 26.00 24.00
HAH () 26.00 31.00 31.00 29.00
FaR (g) 14.00 19.00 16.00 14.00
KK (g) 10.00 15.00 11.00 9.00
15K (g) 18.00 23.00 21.00 19.00
L1883 (g) 30.00 35.00 36.00 34.00
B (g) 312.68 318.93 317.08 314.58
ik (5T) 4.89 5.98 5.70 5.26

FH# 3 FN3E 4 vT A0, 0 e R IEASE I 5
IEWBAMISAE R, Bl e NETE, kgl 4.89 JG
Moy, HLVUTE M ST B AT SR 7 BB 1) 62%, HE
WG EAR IR B AR 5.26 To/46r, A& =l
Be =~ 5.98 Ju/Mhs
2.3 AEEHTERFEREMIRE MR

El 1 R 43 2R By 5 ALy BRI,
SRR . R, (s . R L R4 TT B 1A

IR 5 BT AT LA G BT, NI 1 T
LAt T8 it XU D5 T8, TG 7 L VFo3-Fers, FLOJERC
07 =, XA BL T B R P 4R F 20 o0 DAL, BeTT
— PR 22 TC T 8 B AL, ey — RNy 1
W Z o BETT = A8 7 RS fie vk T T ¥4 48 T HoAt
4 2], W7 HAY RS A E N4 2% . 5 LT B4R
AT BEVE St R BN/ N : Be T —>He )7 —>Bo 7 fi>He
J7Pu=>He T .

BT

ey i e (ERES
P ANTRIC 5 70 2R AR B ST it o
Fig.1 Sensory quality of layered rice bran meal replacement
powder with different formulations

24 AREEH S BARERERIIKERHE

WK FRE . KRR K A2 S e ™= oK G4
FHEZE S, KRN /K higs
SR B A i RS R, ARV PR T, 7 i 0 4 A R
RPN R RS TE R A A B IR K R A
FRAAETE REK RE ) 25 DA G, B k34, HoAE
NARHZIE PRIT A SRR AR R, sX BEME I In A4 Y
iR N NI AR T2 o/ WA o

ML 5 AT LIE I, £ 25 °C A, Bl A Ak

B T A PO AT, BE Oy RNEE T DU A K R

7, MK S B v B i D5 5 100 °C B, Be I WK
FRB e, KR B SR TE J Y, HR i 7 — RN
J7 =, Be Oy R AR, TTEC 7 = MRk 3 = o
LEAAS R EC T WK FEE . AR T R K A A A
P AbBC T o
25 AREEH S BRBEKEMIInELEE

SrIZ KA PR ALRE T2V i IR
Pk — P EEEAR, & 2 N H4HECJT Y DPPH

5 RREIBCT 2 ZAMRE R K EFRE(25, 100 °C)

Table 5 Hydration characteristics of layered rice bran meal replacement powder with different formulations (25, 100 °C)

WK %X IKHHE(%) g ik e
R 25 100 °C 25 C 100 °C 25 °C 100 °C
ey — 1.03+0.02° 1.25+0.05" 67.93+0.24° 71.13+0.24° 3.20£0.05° 4.34+0.20®
foJy — 1.07+0.02° 1.19+0.05* 68.46+0.29° 71.22+0.21° 3.38+0.09° 4.15+0.20®
fiJy = 1.08+0.04 1.3240.05% 67.81£0.31° 70.5140.26¢ 3.34+0.08° 4.49+0.19
[ifwag L 1.03+0.02° 1.11+0.05¢ 68.80:£0.26" 72.214£0.31° 3.30+0.05® 4.00+0.21°
i)y i 1.1240.04° 1.37+0.06" 65.69+0.35¢ 68.53+0.25¢ 3.26+0.08® 4.34+0.21%

Al AR R R s 25 S 3, P<0.05.
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Table 6 Dispersibility and dietary fiber content of layered rice bran meal replacement powder with different formulations

fic )y — fid e = fie 77 Y it 7
Ayt (s) 27.88+1.43 24.57+1.87* 25.09+1.91% 26.10+1.46" 22.94+1.82°
JEELYE S (%) 14.82+0.84% 16.03+0.62° 13.4620.86" 15.36+0.86" 13.3120.97°

T AT A R SRR 22 53 B3, P<0.05,

40 r
30

20 -

DPPH H HFEHERE (%) =

10

7

ABTS'H HEGRR (%) o

2
By — W7 W7 = BT BT

K2 ARIRIBLT 732 KBRS AT A A

Fig.2 Antioxidant activity of layered rice bran meal

replacement powder with different formulations

T AF/NG P REOR 22 7 P B3, P<0.05.

FHESAN ABTS™ 1 H FEIE R E SR

WFFE A, SN A PT AUk R ELAT T B s P A A
FIHH 319 DRk, HE T B 1k APk R 8 A N AR Sl A
327280, FE 2 AT, AEST)Z R LA EC v, T
J7 ) DPPH H HESERRFH ABTS' 1 HEIH R
A 42.59% Fil 57.52%, Yy T HAMPULH Fic )y, 33X AT fE
FR T A ECRHAL RS H AN, I L2 o g
2, MPTE AL 51259 0T 52 TE AR OC, PR fdifs 53
JE AR B 5 49 DPPH [ R 3575 BRI
ABTS'H HIEFRR, A4l =, lid/y — ) DPPH
H 3L B R B A, ey A ABTS H FH3ETEBRR
WA . B EL Jr — i bt S Ak e 7 AR T HoAth,
Fe Ty o
26 AREATERBREMSEERERTE
&8

Sy AP SR VA R A I S 1 R AR HERY .,
2% 6 Al Be )7 ILAIBC 7 B9 4 Bt Tal % /0, 1B i
PIRRAC 7 o384y B 2 T - 4T 4l )t —FhAs
Ty AL S IR DO, BAR TR AR LA E
117 38 v I A B i, (B ELAT ) i s AR B VR,
FARUE AR E BiE G ah . B e, Foor e
LS E N 16.03%, BEHABT & =i, ANMUAERS

e AR H G LT 4ef At i RefE AT A iy
Ji i
3 g

FIUHLAERMLINE, TERE AT 4E 5 AR T 85
B 13% HMMAEATF &S T 6 SO/ IR AN T, 345
TR LT YRSy IE AN T, TS
B FABFBEC T, AEX SRy v, By S e eF 4k
Bt HATAS AR, BBV KGR RS i
FEXTELGS, A, Bly IR B B i AE ke T,
W, ZEERBTCTT — Nl 2T 403 ) Z AR R 1
TAENCTT, S AESLAIACTT o R 1# 30 g, Ak 2#
30 g. KME 3# 98.68 g, KM 4# 34 g, KRE Ky 22 g
BB 26 g, FEERY 14 g BB 10 g, Z1L558) 18 g,
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