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Abstract: This study aimed to investigate the effects of microwave pretreatment on the quality characteristics of coarse
cereals, and develop a kind of mixed coarse cereal rice with simultaneous cooking maturity. Four types of coarse
cereals—mung bean, black bean, red bean, and black rice—were selected as raw materials. The optimal soaking time was
determined based on water absorption rates. The influence of microwave duration on the gelatinization degree and sensory
scores of the four coarse cereals was studied. Comparative analysis was conducted on the quality changes of the coarse
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cereals before and after pre-ripening. The proportion of the mixed coarse cereal rice was determined using sensory score as
an indicator, and its digestive properties were examined. The results showed that the optimal soaking times for mung beans,
black bean, red bean, and black rice were 3, 3, 8, and 2 h, respectively, while the optimal microwave times were 5, 5, 6, and
4 min, respectively. After pre-ripening, the moisture and fat content of the four coarse cereals significantly decreased, starch
content significantly increased (P<0.05), and protein content remained largely unchanged (P>0.05). Pre-ripening reduced
the cooking time of the coarse cereals while increasing their rehydration rate, volumetric expansion rate, and cooking loss
rate. The color of the four coarse cereals was affected to varying degrees by pre-ripening. Additionally, pre-ripening signifi-
cantly reduced the hardness and chewiness of the coarse cereals while significantly increasing their elasticity (P<0.05),
making their texture more similar to that of cooked rice. Except for mung beans, the odor response values of black beans,
red beans, and black rice increased after pre-ripening. With the exception of black beans, the viscosity, breakdown, and set-
back values of mung bean, red bean, and black rice significantly decreased after pre-ripening, while their gelatinization tem-
perature significantly increased (P<0.05). The optimal formulation for the mixed coarse cereal rice was determined as
follows: Pre-ripened mung bean:pre-ripened black bean:pre-ripened red bean:pre-ripened black rice:regular rice=
15:10:5:21:49. Compared with rice, this mixed coarse cereal rice had a higher content of slow digestible starch and resis-
tant starch, which were 45.16% and 26.45% respectively, and its estimated glycemic index (GI) was 64.61, which was a
medium GI food. These findings provide data support for the application of microwave precooking in coarse cereal pro-
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cessing and contribute to the advancement of the coarse cereal processing industry.

Key words: microwave; coarse cereals; pre-ripening; quality characteristics; simultaneous cooking
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Table 3 Cooking characteristics of four coarse cereals before
and after pre-ripening

Rt BVEITE (min) EKFR(%) BB (%) Z&FBIR (%)

£S5 41.67+1.15°  73.33£0.85° 152.62+13.04°  5.19£0.29°
BILEE T 26.67£0.58¢ 121.06£2.64° 184.19+7.99%  7.60+0.14°
Y ) 47.67+1.53°  68.96£1.05° 198.09£2.26*  3.85+0.06
HLE S 28.33+0.58¢ 147.19+4.71° 232.7343.77°  5.48+0.30°
715 69.67+2.08" 51.78+1.83" 210.86+1.96°  2.43+0.28°
BT 303342528 113.56+3.60° 251.924221°  4.19+0.12¢
Bk 49.00£1.00° 56.91+1.44" 111.72+£2.75¢  5.79+0.18°
ALK 27.33+1.53¢  89.37+2.25¢ 135.47+3.18"°  8.27+0.21°

iz [ 5 L AR RN R R R 45 (EAE P<0.057K - HAT 25 572, Rd~
FT7H
# 4 TEEETE DORP LR o B (E

Table 4 Chromaticity values of four coarse cereals before
and after pre-ripening

R L a b
£33 42.82+0.28" —0.94+0.08° 19.76+0.34°
T LR T 38.42+0.51¢ —1.70£0.15" 22.67+0.43"
By 30.56+0.33% —-0.53+0.17° 0.64+0.03"
AR T 28.37+0.85 0.36+0.09¢ 5.87+0.03¢
Fans) 44.86+0.19° 5.86+0.24° 3.46+0.28°
Y ARG 29.7340.05° 8.14+0.12° 5.47+0.16°
K 28.04+0.16" 1.03+0.02° 1.58+0.09°
ALK 31.08+0.32¢ 0.110.03¢ 0.37+0.05"

R0 5, TEAE R, FRIIFE S B A R 2T, 2 22 )
B Z; b EACTRIE W OB, IE(EEUERRTS, RAIFE S
ek g B, Tz 2 DR 2%, FH R 4 T, Tk
Ab 3R 5 2B SN T AR Y U B (P<0.05) . £ Tz fkAb
HE, 4t LIS R G LB, o F b (BT,
TR AL TR S T | 41 G R G ARINS, SRR A AR
VR LU R G AT AR R, SRR . BEORY L7
a’ . b{EST5N 28.04, 1.03. 1.58, Figdvb)/m H@ i hn
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T ARV (Y EPLAE I N . B N 25 E i AR
AP,

2.3.4 TAILZMR TS5 0T R L S )
AT S5 AR A F & PSR O A 700, $ BOR iz
i 18 AL s B AR FIAVE T IR (& 5) A1 31353
MriE (1 6) . HIE S AT, S SRR 4T GOFER K
PU Fh 2% kR 7E 14 JB4 %8 sensor_4 . sensor_ 5. sensor 6,
sensor_9 Fl sensor 14 2422 H H 455 =5 B4 ) W 1, X 8k
LIS B ERT LAY . SR A A | B
JRIACAY) . BEIE DA S e RA ., DR AR 3 T
AL AR PR RN AR B dnb 25 5, o MR S XL R 1
VDV VA (SRS =IEANSR SIS ISRV =AM S -4 (M > = ot 3
T S SRS AR K MR R B P IS | W N
eE P 25 55 AP, 2SR R 2 R R

sensor_1
sensor_18 3.5

— &KL

— Pk

— RE

— PR

— a5

— Pk
— TRk

sensor_2

_sensor_3

sensor 154/

sensor 14 T\ \ 7 sensor_6

sensor_13 sensor_7

sensor_12 - “sensor_8

sensor 11 sensor 9
sensor_10

K5 LTS PR A i T 5 R A
Fig.5 Electronic nose radar chart of four coarse cereals before
and after pre-ripening
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Fig.6 PCA diagram of electronic nose for four coarse cereals before and after pre-ripening
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Table 5 Texture characteristics of four coarse cereals before
and after pre-ripening
A T3 (gf) Giihan RELIEPE (gf)
PAC/S 1088.36::84.62¢ 0.93+0.04° 189.81+11.75
£ 35 7138.15+253.55°  0.40+0.02¢  2054.05+67.61"
TbaR T 1568.34:69.89" 0.59+0.02° 268.30+16.55°
BT 9377.49+179.60°  0.34+0.02°  2258.32+111.32°
TR 2500.88+65.81° 0.68+0.02°  449.41+18.25%
a5 13430.42+4349.75°  0.24+0.03°  5838.97+167.85"
ik N ranCA 2940.11+118.87¢ 0.74+0.01° 578.00+22.92¢
VS 5999.23+203.30°  0.34+0.01° 1906.69+97.72°
LRV S 1789.47+80.45" 0.53+0.02¢ 260.15+7.62¢
2.3.6 TEILZARBIIERRE iRt s n et

B R A E 248 PR . SR RVA XA 2
RS LR RIEKR AR E RS T RE , S5 RN
K6 . nTLFE I, 4| LS AR L,
SLPIEIE AL | BB IR AR B, X E 2y

%6

RGeS RS AR AR A %, hRnT
H, BREBEAN, | L1 R = A AR T AT S
PRIAERRE A W5 25 5 (P<0.05) . TS, 4%
LTS AR B (E Y B E I (P<0.05) . X
EFIE R T AT 210 A T S S T A U A
TR AP AR P O 2otk SO AE RVA R Tt
TR BER R 2 1 B WK B B RN 24 R . Tk
B A B P AN 2 A 220, REAS I RE i ) 4
et AR AR SAHEZNE M 2EE, [
AR TR TER T IR MR 2 | AR S AP
T CA T, 4305 | L1 R K A S ya A [ AR {E
4 FERRAR (P<0.05), R EIRIE AN S, 455 £1
SRR =R AR i RS PR SR, HIEM AN B %
b X455 Cao 4504 Rl MR AL HERE A GER 1)
RERAH—3 ., HIR R AT e fa AL PR SE Ry 43T &
ARSI R, sl BRI TR R A S N, A
THPH T IR EEER S R R i E T HES S5 485 0

TR PURD AR A L

Table 6 Pasting properties of four coarse cereals before and after pre-ripening

i A R (cP) ARG (cP) FEHAE (cP) AR (cP) [mlA={H (cP) WILIREE (C)
35 1517.67+13.20° 1338.00+31.10° 179.67+17.90°¢ 2308.33+4.73" 970.33+29.54 80.13+0.45¢
it Y% 3E 1101.33+18.01¢ 1061.67+19.01° 39.67+1.53¢ 1553.33+23.59¢ 491.67+4.73¢ 82.28+0.03¢
B 28.67+1.53¢ 21.000.00° 7.67+1.53° 33.00+1.00¢ 12.00:1.00¢ -
AR T 25.33+0.58¢ 22.00+1.00° 3.33+0.58" 33.00+1.00¢ 11.00+0.00¢ -
a5 835.67+13.32° 799.67+11.37° 36.00+2.00° 1719.67+25.11¢ 920.00+16.70° 78.73+0.46°
AT 729.67+13.05 709.00£10.58¢ 20.67+2.52¢ 1065.00+14.18° 356.00+3.61° 93.63+0.03"
K 2715.67+54.31° 1310.67+39.21° 1405.00+15.10° 2680.67+54.15" 1370.00+15.13* 72.62+0.03"
TEY PN 1400.004+22.61¢ 1117.33+13.43° 282.67+9.24° 1985.00+18.52¢ 867.67+7.37 89.67+0.06"

T =" R TR .
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Table 7 In vitro digestibility properties of mixed coarse cereals
rice cooked to the same degree of doneness

FE RDS# (%) SDSE (%) RS E (%)  eGHA
Kok 63.46+0.51° 34.17£0.28° 2.37+0.06° 89.15+2.78"
RAK 49.08+0.70° 39.40+0.66° 11.52+0.13"78.55+1.61°

HERPIAREHK 28.3940.34°  45.16£0.25° 26.45+0.12° 64.61+2.34°
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