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B IR GAC 2E S A 540 & 3 4F Y 25 Ry B S PR 229

O, B RSER AR A R v PEN3 2
4 7 SR AN, 8E Airsense A A ; XL-
20B1000 b7 %5 B B4 52 OB AL, ) M T i B
PLR % & A FRAH

1.3 KA %

1.3.1 M2 —F ORI B B U NS 280 ) 0 B Ak 4
A TR KRR RS Y K 43 il i 60
H i, LA bk 6:4 3R A, A 5% £ R 5
FEAHIRET, MUK ZYIRIK > & 8 2 25% )5 IR &
B2, 43 #EH 500 g H A RUIRAT B IR HLERE T, 4%
5% 8 Ay B R 180 °C, HERLE E 15 He, 124T
¥ 16 Hz,

132 dEEFHDBB G & T2 MAE  FE 200 g
2 BRI OB SOR R HLAEA T R 1, 15 5 o e i

6] 5 min, B BEHAR 50 H", 2 )55 120 H 7, jik
AT Ak 0 A5 2R 800 W, BiF ] 100 s,

1.3.3  FRRESEE [ B AL TR A i v N it
h 3.0 g, MEFEERRY IR N 4.0 ¢, B0 AR FL IS N i
2.5 ¢, BB RN 1.0 g, e diRi 3t 1.1 g, 4390
TEREBY I AL TR AR VS I it 22 Bom TS i AR
FL U o R R TR U 0 i 4 DR 3R R AT PR PR R S
5, e 25 PR KP 200 R - B R AR TR B U
JniE A 2.0,2.5,3.0,3.5,4.0 g; e E M N E R
1.0,2.0,3.0,4.0,5.0 g; WA ZL A ¥ i # 1.5,2.0,
2.5,3.0,3.5 g; M JNH A & 0.4,0.7,1.0,1.3,
1.6 go ¥ OEHE ST, m 70 CHY R KB HE 2
Je R AT R PP TR AR AN 1,

F1 SEHEBYRERBRETIIRE

Table 1 Sensory scoring standards for high—fiber cereal meal replacement powder

A

5 AT

&% (10 o)
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ok An Ao (10 5°)

B (20 5)

7 AR (30 )

o R (20 &)

REEE REMTIN G ,4~6 5
RFE L RETIR RS ER,1~3 4
HEE R R A A B ARRAR,T~10 &

A ERFIH AR, FATAR ,4~6 5

Aok R LK, AL E Ak, 13 5
R Y RN R HEYS, R T~10 5
LR G AR B, A R A R 4~6 &

MBARH G HAARHEY, LKL 135
FEEIE SRR, 14~20 5
FEE Y FEEBA T~13 5

FE AR, 1~6 o
ARG RIK, R B B R, 21~30 &
ARG BAIR B B, 11~20 5
R JE AR, B &, 1~10 &
N\ RpeE Tk R, 15~20 4
BRIV T~14 5
Wk R 1~6 4

134 SyECPEREECINGE 2 M 2R SR O vk g

IR R (%) =1-—2——x100

(1)

YEME B FREE 10 g FE S RABEAR b | B — o TR
T HY 70 mL ZE KB ABER LA —E A ]
min Ji #tE 3 min, i HE LR EMR 20 H i Fid
DEARE N VU, JT T Z8 1R K 212 vh R 25 e o,
VRS R A48 B o i B T A 105 SCHEAE 1H I
TR AR AR TR B IR A ()R

b(1-w)
o a——E5 Y T T, g s b——FF T
it g sw——FERIK T T, %,
1.3.5 Box—Behnken {55 %11 78 5§ FE LK 1)
Senh b BEEC 4 AR FE N AAR 3 A LB R

R RIEE 7RI R NG RE L 73 vindhy) [Th =N Oy 1Y =2 e iy
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Table 2 Evaluation criteria of dispersion index

SacdEd =95%  90%~95% 80%~90% < 80%
iy AR T *F B %
*3 MEMRBREAFKERES
Table 3 Response surface test factor levels and codes

SR
o TR REHEH BELL HRAHA
Ry R Kmz  mE(D)/
FM)%  (B)% ()% %o
-1 25 30 20 7
0 30 40 25 10
1 35 50 30 13

WINEE D TGS AN 5 DUECE VE 53 F 4 BOrE g
BONPEMAE, AR e 0 G 4 IR 3 KR
Vit R B, AT AR G, i as R WL 3.

1.3.6 HLFEIE S MPNE R AE I T kR A
Bk, Frit 3 g FREMILA 10 mL T %5, 78
80 CF 7K 20 min, HUH T025 U5 i # 5 min, 75
FRIAEE T ] PEN3 B 48 X 55 4% J s X A
mn HEATIE o B M SR . IR I
300 pL/min, BORE [RIBR ] 1 s, 38 DEAS TR] 120 s, 46
D] 120 s, Z i BB IS IE] 1 s, AR 41RE AL il 3 IR
FATEE

1.3.7 RSN E 28 Goni MW T
2, PR 50 mg A AARAE S, A 10 mL HCI-KCI
Z% i (pH=1.5) Al 0.2 mL & % 1 (0.1 g/mL,
HCI-KCl 2z M4 ), AW I35+ J5 78 40 °CK
WHRIRY 1 h, JH 0.5 mol/L R 3h 2% vh i (pH=
6.5)EA R 25 mL, [ B E AN, ZFMA S
ml o—JE N B, 7E 37 CE&M T KGR | B 1
24 160 r/min, 75K fift i B b, 23 5I7E 0,20,30,
60,90,120,150,180 min B M 1 mL #¢ 5 14 1k
W, ST M 4 ASRB TR B K, 2 05 1
3,5-HE 3K A% R (DNS ) 2500 2 A & v S Jp
8 it O B Ak U 2 R 1 W B A R AR L LUK
i (] SRy it AR A, TR 7K i 8 23 Sy B A e 22 1l 7K i
MLk, T84 RS AE 0~180 min 3 8] 3 K /K it
Mk R AT AL (AUC BESL AN AUC TR, 75 HRE
mm VE R K R FR 2L (H ydrolysis index, HI). FEib 1)

Al 11 1 FE A= %4 X (Estimated  glycemic index, e-
GO A (2) 0 (3) 15,

AUC ¥ 5
HI(9%)=_AUCFEf g 2
(%)=3vc mae <00 (2)
GI=8.1981+0.862xHI (3)

1.3.8 Hudlaib¥  prAilsmEE 3k, SRIHH
TR NP EbRUEZ . R Design Expert 8.0.6
HEAT MR 1 T B A3 B, EOHE Y A Aok
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fraeitor et el F &
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Fig.1 Effect of extrusion mixture powder addition

amount on sensory quality of meal replacement powder
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Fig.3 The effect of skimmed milk powder addition

amount on the sensory quality of meal replacement powder
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Fig.2 The effect of oat bran powder addition amount

on the sensory quality of meal replacement powder
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Fig4 The effect of pumpkin powder addition amount

on the sensory quality of meal replacement powder
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0.224B+0.884C +0.17AD —-0.050BC +0.23BD + X RIABE A AT Ty 2200 a5 Rk 5 % 6
0.075CD-0.814*-0.43B-0.53C*~0.11D> s,

% 4 Box-Behnken i® I igit 54 R
Table 4 Box-Behnken test design and results

AE AAOR] AE oAl
X®E A B C D . XBF A B c D
Wl A% FHlh H84I%
1 -1 -1 0 0 69 973 | 16 0 1 1 0 76 975
2 1 -1 0 0 72 989 | 17 -1 0 -1 0 73 97.9
3 -1 1 0 0 73 972 | 18 1 0 -1 0 74 97.4
4 1 1 0 0 76 979 | 19 -1 0 1 0 74 95.3
5 0 0 -1 -1 72 987 | 20 1 0 1 0 75 98.3
6 0 0 1 -1 73 982 | 21 0 -1 0 -1 69 98.4
7 0 0 -1 1 74 985 | 22 0 1 0 -1 75 97.3
8 0 0 1 1 75 983 | 23 0 -1 0 1 73 98.3
9 -1 0 0 -1 69 973 | 24 0 1 0 1 76 98.1
10 1 0 0 -1 74 985 | 25 0 0 0 0 76 99.2
11 -1 0 0 1 74 972 | 26 0 0 0 0 75 98.8
12 1 0 0 1 77 99.1 | 27 0 0 0 0 76 98.7
13 0 -1 -1 0 71 984 | 28 0 0 0 0 75 99.1
14 0 1 -1 0 74 975 | 29 0 0 0 0 77 98.5
15 0 -1 1 0 72 98.6

®5 BEEZRRETAXEMEAREEFEAESHE

Table 5 Interaction of various factors in sensory rating and analysis of variance table of regression equation

FEAEE 8w F 5 Fa 5 F1h P1h 2EMH
A 14 129.43 9.24 10.89 <0.0001 ok
A 1 21.33 21.33 25.13 0.0002 ok
B 1 48.00 48.00 56.55 <0.0001 ek
C 1 4.08 4.08 4.81 0.0457 *
D 1 24.08 24.08 28.37 0.0001 ok
AB 1 0.000 0.000 0.000 1.0000 -
AC 1 0.000 0.000 0.000 1.0000 -
AD 1 1.00 1.00 1.18 0.2961 -
BC 1 0.25 0.25 0.29 0.5959 -
BD 1 2.25 2.25 2.65 0.1258 -
CD 1 0.000 0.000 0.000 1.0000 -
A? 1 9.87 9.87 11.62 0.0042 ek
B? 1 19.49 19.49 22.96 0.0003 sk
o 1 478 478 5.63 0.0325 *
D? 1 7.97 7.97 9.39 0.0084 -
* £ 14 11.88 0.15
% BT 10 9.08 0.18 1.3 0.4316 -
Wit £ 4 2.80 0.083
3 2 28 141.31
R? 0.9159
Ry 0.8318
Y 1.25

TE ="M A B35 (P>0.05), " 3R S M L 3 (P<0.05) , %" R on S WK 8. 3% (P<0.01)
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M35 T, A ST B DT 43 ] A
A P<0.0001, A & K ;R*=0.9159 ,R%,=
0.8318, i W 46 A5 78 AT LA A5 e s e i o {1 ) 722
b, R BLI(P=0.4316) /A & 2, 1 B 750000 {F A el 09
BEAY 22 [] 1) 4005 B2 5 e 120 R AL ) — I 3L A B

U A2 B2 52 Wi i 3 (P<0.01) , C? 52 g 3 (P<
0.05),D* AR (P>0.05); £HITABAC,
AD BC .BD .CD 5% Wi ¥ AN 8 3% (P>0.05), H ik
S5 AT 4 A IR HECE PEAN 52 e (U R B>
D>A>C, BRIV ZRA U 0 12> FE IO 38 I > 8% TR

D M (P<0.01),C 50 3% (P<0.05); = W ALIRB Bt > BLAR FLAY B I &k
*6 BEEZRSHUEHEXEEARDPFRAESTE
Table 6 The interaction of each factor dispersion index and the regression equation analysis of variance table
7 E kR 8w T F= 7 F1a P1a 2
B 14 16.59 1.19 7.65 0.0003 ok
A 1 5.20 5.20 33.56 <0.0001 ok
B 1 1.61 1.61 10.41 0.0061 ok
C 1 0.40 0.40 2.60 0.1290 -
D 1 0.10 0.10 0.65 0.4334 -
AB 1 0.20 0.20 1.31 0.2722 -
AC 1 3.06 3.06 19.76 0.0006 ok
AD 1 0.12 0.12 0.79 0.3890 -
BC 1 0.000 0.000 0.065 0.8032 -
BD 1 0.20 0.20 1.31 0.2722 -
CD 1 0.022 0.022 0.15 0.7089 -
A? 1 4.29 4.29 27.69 0.0001 wE
B? 1 1.18 1.18 7.59 0.0155 *
c? 1 1.79 1.79 11.57 0.0043 *E
D? 1 0.083 0.083 0.54 0.4755 -
. E 14 2.17 0.15
%k DA 10 1.84 0.18 2.21 0.2307 -
YR £ 4 0.33 0.083
&£ 28 0.33
R? 0.8844
R 0.7687
CV 0.40

H1 3 6 AT, T B 3 501 48 B ml IS B 7R P<
0.01, J i B % /K F , R>=0.8844 , R?,,=0.7687 , 4 |
I (P=0.2307) A~ 5 2 156 B 150 00 {8 1 [ 05 55 78 22
[ 400 B A AR [ — IR I A B 52 Wi b 8 2
(P<0.01),C.D ¥ WK .3 (P>0.05) ; Uk Ii A2
C* S M 3 (P<0.01) , B> ¥ Wi i 3% (P<0.05),
D? 2N 8 3 (P>0.05) 5 28 B30 AC 5% Wi i . 3
(P<0.01),AB . AD BC .BD .CD ¥W¥I A% (P>
0.05); H1_FiRZHral 0 4 A K 20 o Bk $5 #0
Wi A NP A ASB>C>D , BB R A0 TR A9 45 i et >38E
22 BRSNS > IR FLR U8 it >R TORy B it
223 AR EAE X R P 1 R
Me) 2 W 7 T R R R I = A B TR e | 2 % AR
et 14 M o7 RS 5 A A v R IR b DT i B A 1

T, UL IR 3 A 52 BLAR U 2R B TR AL TR A
S T 5 e ok TS R XA R R VT O R
W 4N & 5 B

HIIEL 5 Al n, 57 R AL TR A VS 0o 5 e 2 2k
oy TS I g A AN A2 BAE IR R, U B R
i A TR A A T 1 7 I, AR B SR P Bl
A2 BR My WS IR B30 ST e R e e
A BRRras IR U R, AR 1 ECE A B BT R
i AR TR A 5 I F) 5 S T e i AR A, T
ST B AR R LE L A B A DI A Bk
oy U3 i 0 AUAS R BB DA 9 5 e LB TR R AL
BT AR 35X 5 77 22 0 A O 45 R A0 — 2L,
2.2.4 2R RS HAR R ACE B o0 HOPE £ By
W AN 6k, BRI AL IR A 5 e Bk A R
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Fig.5 Effect of addition amount of extruded mixture powder and oat bran powder on sensory score

of meal replacement powder

BEAE A A B AR R, 8% R I AL IR A U8
R EE RS, AR 0 23 PR B e A Bk S
RN ST T e A s A R S
i, AR 0 73 B 48 KO 5% 1 i P IR A 4 e

I 99.5 —
= 90|
3z 7 985
# £ 980 '
® g 915
& ;" 97.0 —
2 965
50 35
2 31 @
A W 29 7 W e
o i, e, 3025 27 wB e
2 .\ 0!
oy U N %6’@‘\0&“ e
2 ‘.
et N s

(a)

B ETHEH, SRt A My 2L L B
8, ULWIET I A IR B s im0 AU 03 20 TP i
RO SR 2 A BB S I K, X507 2 0
45 R AR —E

I3 R R AL

50 Dispersion index
i ]
ER R
% 5%
zE2
w® o - 40
W EE
=~
LEE3S
Q

30 '

25 27 29 31 33 35

A BYERE AR B 7 i ik
Addition amount of extrusion

mixture powder/g

(b)

Bl 6 HEWHUEMSHEHEMAMENKEM D EEELNZN

Fig.6  Effect of addition amount of extruded mixture powder and oat bran powder on the dispersibility

index of meal replacement powder
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Fig.7 Electronic nose radar analysis map of high—fiber

cereal meal replacement powder
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Fig.8 In vitro starch digestibility of high—fiber cereal

meal replacement powder
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Preparation of High Fiber Cereal Meal Replacement Powder by Extrusion and Ultrafine
Grinding and Evaluation of Its Quality

Huo Rui, Zhang Meili", Zhang Yuanyuan, Bai Xue, Zhang Yakun, Guo Xinyue
(College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018)

Abstract In this study, a meal replacement powder rich in dietary fiber was prepared. The main raw materials were
oat—corn—konjac extruded powder and oat bran powder, and the auxiliary ingredients were skim milk powder, whole
powder of Pueraria lobata, pumpkin powder, etc. The sensory score and dispersibility index were used as indicators, and
the response surface test was optimized on the basis of single-factor experiments. The final optimal process formulation of
meal replacement powder was 27% extruded powder, 33% oat bran powder, 20% skim milk powder, and 9% pumpkin
powder, and under these conditions, the sensory score of meal replacement powder was 76.78 and the dispersibility in-
dex was 99.03%. The total dietary fiber content of the final product was 19.31%, the soluble dietary fiber was 11.42%,
and the estimated glycemic index (eGl) was 73.41, which is a medium GI food.

Keywords response surface methodology; meal replacement powder; dietary fiber; in vitro digestibility



