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Abstract: Using highland barley, mung bean, black bean and Tartary buckwheat as raw materials, the multigrain meal
replacement powder was set by twin-screw extrudation technology. The changes of nutrient composition, volatile flavor,
crystal structure and other physicochemical properties were tested before and after extrudation. The results showed that the
contents of protein, fat, moisture, starch, total phenol and total flavone of multigrain meal replacement powder were
reduced by 2.83%, 0.47%, 4.45%, 2.62%, 17.89 mg/100 g and 9.02 mg/100 g, respectively. The changes of dietary fiber
and ash were not significant. The aldehydes, alcohol and heterocyclic substances that contribute more to the flavor were
increased, which greatly improved the flavor. The crystal structure changed from A-type to V-type, and the crystallinity
reduced by 24.97%. RVA and DSC results showed that the peak viscosity, minimum viscosity, disintegration value, final
viscosity, recovery value and peak time decreased by 156, 46, 110, 111, 177 cP and 2.2 min, respectively. The enthalpy
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change decreased to 0.15 J-g”', indicating that most of the starch had been gelatinized. The results of gel texture showed that

the hardness and adhesion decreased by 35.72 g and 4.08 g respectively, while the adhesion, cohesiveness, elasticity and

capability increased by 5.11 g, 0.19 Ratio, 5.08 mm and 1.98 mJ respectively, giving it a good taste. The study of the quality

characteristics of the powder showed that the content of soluble solid and the water holding capacity increased while the oil

holding capacity decreased. The characteristics of power were obviously improved. The color changed obviously.
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Table 1 Comparison of nutritional composition before and
after extrusion
e BrIEHT BIEE
FEHF(g/100 g) 22.06£0.55 19.23+0.21°
JET (2/100 ) 6.99+0.13" 6.52+0.06
JEE LT (g/100 g) 12.9140.69" 12.92+0.16*
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K43 (2/100 ) 3.24+0.09° 3.31+0.02°
PER (/100 g) 52.59+1.00° 49.97+0.82"
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K2 BTG A AOFE R XU ) T ) A2 AL

Table 2 Changes in volatile flavor compounds of coarse grain flour before and after extrusion

AR A E (%)
a=2 LR R E] (min) CAS HFR — -
Egani] BrJa
1 7.93 61142-07-2 1- -3 F BRI 0 1.78 1.54
2 11.165 57266-86-1 TStk IR 1.91 5.26
3 14.647 5989-27-5 d-FrEs 0.71 /
4 18.451 1120-21-4 ke 3.19 1.67
5 21.934 1002-43-3 3-FgEA—he 0.89 /
6 23.41 112-40-3 IE+ e 15.71 9.35
7 24.389 61142-70-9 2,4- 55 1- AR T b / 1.27
8 28.098 629-59-4 Tk 11.14 5.56
9 31.199 13187-99-0 298 1.86 1.4
10 32515 629-62-9 E+HE 6.73 7.74
11 33.456 17334-55-3 T 1.54 /
12 34.647 28973-97-9 (E)-beta-4x A Wi 8.99 /
13 36.846 13877-93-5 Fagur 1.85 /
14 39.481 112-95-8 EZ Ak 0.5 0.39
15 40.646 629-92-5 EJube 0.65 0.87
At 57.45 35.05
1 4552 66-25-1 IECE 12.37 25.54
2 8.483 111-71-7 B / 1.06
3 13.497 124-13-0 EERE 1.8 /
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5 23.664 112-54-9 o / 1.56
At 19.54 35.59
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2 16.84 38284-27-4 38284-27-4 (3E,5E)--3,5-fi-2-fill / 4.14
it 2.13 4.14
1 7.082 629-33-4 FR LR 10.78 4.86
2 11.905 112-23-2 R PR / 1.16
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4 48.049 137888-35-8 2-5-1-H B 2 3 W3- 56 B R 0.15 /
Hit 11.3 6.02
1 3.779 71-41-0 1-J3 45 5.48
2 12.345 3391-86-4 1-2F45-3-1 4.01 6.06
3 14.836 104-76-7 2-ZH R 1.06 2.64
At 9.57 14.18
1 8.887 123-32-0 2,5- 3Lk / 5.03
it / 5.03
BR2E | BE2s | 2 G, RN T2 A e
24 FiUXURA T BREE 14 FR(57.45%); I 3 Ff R

e, 21.83(8.63%)

., 46.80(6.04%)
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Fig.1 XRD measurements of coarse grain powder before and
after extrusion

2.3.2 FHEEAEXT DR SAe M 5E e iER 3 1
1, L85 AL PR R LA W A R R NGB TR B A I T
15, 2 AT R RO A S AR i 25 KRR (P<0.05),
FAHBTRAN B IS ARy A 2B . T RESE B e A
ORI . TR S RA T B IR, U 2R, U e 2 i
I, SECWILISARE RIS, X5 iR X-IERAT 9 T
PSS IR —35
# 3 FERIG AR Y DSC JIE 45

Table 3 DSC measurements of coarse grain flour before and
after extrusion

- IR WEEREE ZARRMREE WS AME
o () (c) (cc) (Jgh
BIERT  92.98+0.79°  97.78+0.64°  113.12£0.34*  0.39+0.02°
FIEJE  93.07+0.16°  98.56+0.77°  100.82+1.55°  0.15+0.01°

T BUEA R BRI 22; R 9 R R PR A 38 P22 5 (P<0.05);
Fa~55, FTM.

2.3.3 BRI AL g2 3k 4
AT, 2B R AL B S 2 MO A0 25 DI FR sy 2 25 A
(P<0.05) . IXJ& i TARBTEST EHL A AP 32 21 i
i e AR B ) AR, SR S AR IR,
RS Ry /NGy T, SR L BUR AR AR 2 R 2 L
1, BEW5 5 ek . & E BB WUIE i 2 A 4R S5 o) e As
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Table 4 Gelatinization parameter values of coarse grain flour before and after extrusion

b WP Z (cP) RARFEE (cP) JHFAE(cP) WAL (cP) ] A:AF (cP) VEEAELIST 6] (min )
BT 317+1.40° 197+1.01° 120+0.72° 466+2.14* 315£2.00° 7.00+0.19*
FIE)E 1610.58" 151+1.73" 10+0.31° 355+1.77° 138+0.58" 4.80+0.20"

5 BHHTE A O BER R
Table 5 Gel characteristics of coarse grain flour before and after extrusion

Fedh W (g) K1 (2) P ZRPE (Ratio) P (mm) JEEkiE () MELIEPE (mT)
E7g A 97.96+4.08* —39.80+1.32° 0.48+0.01° 4.79+0.08° 47.96+1.02° 2.25+0.02°
IR 62.24+3.06° —34.69+1.76" 0.67+0.02° 9.87+0.11* 43.88+0.84" 4.23+0.03°

b, A AS WE(E B . R IRRN ) | BB/ S FRIC
(P<0.05) . JAfEAE A WA 20 B AR AR B i 2508
e HEPRAE T2 P, BB 120 cP S 3EREME N 10 P,
BARR I A (28 PH B TR AR LU by B ik s (a2
B 278 GE Ay AR B, ] A A e R T Ay el S 5 %
A2, 2R LA, BRI RE(E AR FE 5L
I FAEAS R4y, 5155 TR

2.3.4 BIEMALKT SR BERE A R R S
TR, hs R SR B S R 1R — IS AR, R0
MEL VPR I P9 SR o 8 3 SRR, AN BN, T LG
AL FE b Pt AN . At BRI B )S
BHEEH 97.96 g %2 T 62.24 g, s, - H B
L1y B AR 20 ORG R A T e A e i AT B
PR, DATH T P 3 2R . SRR P EREATG, MR- 4
i, R AORENEE AT AR GRS R A TR

24 REM@REEENTHR

2.4.1 WIESHERTEY) . KERRE B AR AR L
N 6 Fis, LB AL 2R 00 ] 1k T 9
TN T 12.57%, ATRESE I TUER . BRI R
Sy TR RN . 22 2P0 . TR SRR A KA
NG T SO AR R FTREATIN T i
=1 (P<0.05), £t 1 F . ATRESEHT Hg A HIL 535
DA N L A0 2 A o B T AR Sy, e
Wk 2 IR FE R IR LA S K FE A R G2 Y, S addk
B8R WM AR 5 22 42 ik (4 X ek 2D, Sl e k%
. RIEA RIS AT DU Mo AR A stk no 284k,
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Table 6 Soluble solids, hydration characteristics, and powder

characteristics of coarse grain flour before and after extrusion

bzt B AT RS
AR ETE Y A (%) 41.67+1.25° 54.17+1.02°
FektE(ggh) 18.31+3.00° 50.79+5.83°
ik (ggh) 9.3340.62° 8.83+1.13°
0(°) 53.33£1.02° 38.99+1.16°
a(®) 42.48+0.83° 35.64+0.90°
pp(g/mL) 0.27+0.00° 0.33+0.01"
pr(g/mL) 0.35+0.01° 0.39+0.01°
Carr $5%5(%) 23.72+1.00° 15.39+3.52°
Hausner FUAE 1.3120.02° 1.18+0.05*
NHE n/c=2.94n+31.36 n/c=3.7n+29.6
a 0.34+0.01° 0.27+0.01°
1/b 10.67+0.89 8.00+1.08"

AR I L BN P B g5 1/b ARSI, AR 114 320 7 3 RO
W o FiiT. BOEERIEfMA. 3. a. 1/b 43
SIMN 53.33°,42.48°,0.34, 10.67 [%#%1) 38.99° 35.64°,
0.27. 8.00, MA%EEEFNEERE 43 M 0.27. 0.35 g/mL
F>4 0.33 F110.39 g/mL.

Wi 7 pioR, B EANTH S 45 Wids r i A 284k,
Hrp L™ o' H' | EZR 35 (P<0.05), FAAERIIR R ¥
Mta2E . X ATRE S PPRHE Sy il s AR N kAR Sehr
TR N SIEMIL A G, X5 Y P e 55T
FEREAL T R ZE Ay (0 3 i S il s A3 i 09 LB T
B, a (B b {EEIN, B H B R #E , Bl AR TR,
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Table 7 Effect of extrusion on the pindness of coarse grains

B r « b c H'(rad) E W(%)
BT 84.13+0.26* —2.9240.02° 19.47+0.22% 19.69+0.17* —1.4240.01° 86.40+0.97* 74.12+0.87°
YA = 75.04+0.18° 2.31+0.01* 21.13+0.41° 21.26+0.62° 1.46+0.01°* 77.9940.82° 75.06+1.21°

3 ZHig SR ST R 19.23 ¢/100 g 6.52 /100 g. 8.02%.

ARG VI A AR IOk, WFSE T B R AL B
XS A5 AR B IR A SR B AR PR B s . A2 52
Sy et g R s VIR ed = DDA =717 N N3 MR A, 7 SN LT N

49.97 g/100 g. 169.25 mg/100 g. 125.39 mg/100 g,
G E L YRR 53 AACAS I 2 s AR 2 HFS R
A TS B S s 35.59%, KUSRBH B AL TR Ab 3]
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