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Quality properties of mixture of the proso millet and rice

G

REN Jing'

AN
JI Xiao-hui'

(L PHACRARBHE R 2 & W B2 5 TR 2 e . B v s
2. KRN T BE AL i T P 4 i A AR PG, BT R

EEH
JIANG Wen-gian*
FA R

LI Meng-qing'

BT
ZHAO Ning'
HRE

DU Shuang-kui'"*
712100
712100)

(1. College of Food Science and Engineering of Northwest A & F University . Xianyang
Shaanzi 712100, China; 2. Engineering Research Center of Grain and Oil Functionalized

Processing » Universities of Shaanxi Province, Xianyang , Shaanxi 712100, China)

WE-BM:EBERAMMLEH. 2 AN RFHRA—F K
BERAR . FiE B d KK A e R R A 8d S KK
RABOF S R AR TR Rk @ S AT R
ARBGERFERN S REE, GR:FRGF L
RO RERS RNARBEALEY W, TRAL
B bkl 5 KRR A AE MM v i 2 B % E AR X
(P<0.05), 5 A E#F 5 ZMEF A AX (P<0.05); FAn
FARE I T RIR G KRR S DA £ 2. ST KRR
BERS, B S5MA I T AMES 10U ~20% 0, R
KR ARG FE PR v PR E P, KRR BRI 69 TPA ik,
KEW F AR R MR BB IR Rk &
Abstract: Objective: The purpose of this study was to mix rice
and proso millets and obtain high nutritional value, fantastic taste
and flavor mixed rice. Methods: By adding different proportions
of proso millets to rice, the nutritional value and fantastic taste of
mixed rice were evaluated via the amino acid score (AAS), tex-
ture profile properties, sensory evaluations and flavor properties.
Results: There were significant differences in the texture profile
properties, sensory evaluations and flavor properties among
cooked proso millets additions. The proportion of the cooked rice
addition was significantly positively correlated to the gumminess
and chewiness of rice, while it was significant negatively related
to the sensory evaluations. Furthermore, the addition of the

proso millets increased the variety, content of flavor compounds
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in mixed rice and obviously improved the scores of the sensory e-
valuations, Conclusion: The integral quality and nutritional value
of the mixed rice were the most excellent when the addition of the
Yushu 1 proso millet was 10% ~20%.

Keywords: proso millet; rice; texture profile properties; sensory

evaluations; flavor properties
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1.1 R 5
THE SOCEEPE RO « BRVT A Ak b 3575 5
MiZe 15 ORF P 3Ok VM BE 2 5 CREPE 3K - BT
A 5
SUTE A B o O 0 & R 2% Megazme 23 ] 5
WAL B G I KR 2 BRAL 22 50 2 &
Sk 22 T 5 A
1.2 NFEHEE
T RE R BEAL : FW-100 3, K 2% B 4 A0 2% A B

VNG
21 3 YLK E A L. UPT-K1600 %, # #1 FOSS
/NEIR

IR B Zh 31X - 1-89001001A B, H 57 (P ED A
R 5

I B .0 Bl - KDC-40 #4, B A8 B4 A BR 2 ]
[EF /NI

SREE Y : TRALE DSQII03030706 %, 3% Bk K i
IR T 5

HLR 8 : HAOLTONCFXB20-B #,1.5 1,350 W, JiE
VAN iy i - B
1.3 REAHZE
1.3.1 JRA KRS &

D WMBEIESSRKKEG RBEE L ngzein @ max)
43R 10 2 90,20 £ 80,30 : 70 fKKICHME 15 10%.,
Mz 15 20% % 15 30% R,

(2) Ml 2 55 RAKRA ARG (ngpeos
43814 10 290,20 2 80,30 = 70 RUIC HMEE 2 5 10% .
THBE 25 209 M BE 2 5 3026 B HEIR ST .

1.3.2 ORRAER R FRBUOKHEE 100 g, 3% my
T2, n AZEK, d OB 28 2, & 25 IR 20 min,
=

1.3.3  BALIEFRI 2

(1) KA E &S GB 5009.3—2016 8 5 3%,

(2) UM £« R FH U R A I a0 0

(3) MEH & & .S GB 5009.5—2010 YLK E &k,

(4) HLARW; & & : 218 GB 5009.6—2016 &[R4 .

(5) KA i S| GB 22427.1—2008 &y il K HE% .

(6) I H 28 GB 5009.124—2016,

() FHILMIFAY (AAS) 4 (D PEATITE,

’)n)\—;{()

my —

P

Sans =5 X100% ., (D
P,

A

5&%*%%@21%25}@ ’ % 3
Py — R E RS meg/g - HEH;
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P,——FAO/WHO P73 5 X 2 B R & ik me/g + HL
HH.
1.3.4 KWk TPA % FREL 50 g K4 T 100 mL BE#F
L U E SO RE o RSk R ] PSOR U i A 3 B Oy
1 mm/s, M5 #EH 2 mm/s, K45 H 90 %,
135 KREERMYE SREHSS ML, RRE
PERE 2 40~50 CHF, /i1 5 PN A S IR 1 T REIF
B+ 43 100 45

F1 RKIEBEETEME
Table 1 Sensory evaluation table of rice
Eickan A3 i iy
EHOEER 6. B8 — R 14~20
G BEAY— GERE 9~13
A 5o S0 R % 0~8
55 SE R TC W) T AR R R 14~20
B B RE % 9~14
R RS TEARR R 0~8
AU S SESES IS 14~20
Wk LR — P 9~14
HARE S 0~8
KRR HAR 14~20
TR RBREAN AT B IK 9~14
TR A WA AR 0~8
3 A B LA R 14~20
PR 0 3 B R 2 L AR s 9~14
NI B 22 8O Je A B 0~8
1.3.6  KIREFS4EME S B Rohleder MY 71k, K

A 1% 25 11 : PEG-200 mol/L F 4 4 K s 28 &2 (He)
0.8 mL/min, A& 43 i ¥ 40 C, R £ 4 min, DI
6 °C/min FHLZ 80 “C, L1 10 °C/min JHil % 230 °C . {5
7 min, BT 4 PR B ORE 250 CLE TR E
200 °C B F4b X EL B FRE & 70 eV R I HL JE 350 V.,
R 200 pA,
2 RS0
2.1 EXAHHH

M2 2 ATANL M 2R 15 T BE 2 5 PR 3R I B JE A
BEAEVER ML O CHLAR B LA K 4 & i B E T ROK
(P<C0.05), FEORMHLE A& RZERKN 252 .35 12%
EAL-ERATREREBEROESEEA, R LZ2aMER
AR BARTT s O AR 5 & B KOk 13 5L b K Ay
FRERKN 2HAL R ATEAEFNWEAR.
FELRG 5 A0 1 0 TT 26 A5 K B K 5 ROR IR TIC 7T 48 i KK
B8 IR L R B E 55 HAMIROR
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®2 BREFEHSR(TE)

Table 2 Proximate composition contents of samples(dry basis) (n=2) %
FE b SLTE B HHEVE R HEH FRLAR 7 s
WmE1S 81.26+0.062 2.2540.23¢ 12.2740.04 2.9540.01* 1.29+0.07*
i 2 5 80.96+0.88% 20.56+0.152 11.36+0.06° 2.19+0.01" 1.1140.01"
TR 50 70.10+£0.81" 19.614+0.18P 6.5340.14¢ 0.1940.01¢ 0.6340.01¢

T BB R [ R 25 7 i 3 (P <C0.05)

22 SEBASH ®3 HREEREHEE
3. M2 1 2(14.89 mg/g « HL& ) M B Table 3 Amino acids contents of samples
25 (13.71 mg/g « HLEE (1) IR H e S W18 F ok mg/g « HL& M
(6.76 mg/g « ML H) T A ER IE LT AR A& SRR WMELIS HE25 Kok
mHE KK 2 B2 KRKkd BT AR RAHEM Asp 0.82 0.72 0.60
(0.29 mg/g « HEM) HAMR(0.23 mg/g - HEF) 5K WA Thr 0.42 0.39 0.25
AR (0.53 mg/g « HLE ) S, HAl AL R 2 1 20T 3 2 %R Ser 0.79 0.74 0.30
KOHAR NARM T ZR 2 A LTk 1/3, BAR AHER Glu 3.18 2.98 1.24
R 5 IR 55 — B2 1 M 22 5 R X Sy i s R L (H R K 1Y fili & & Pro 2.48 2.33 0.80
AR A B2 WK AYIE 1.9 4%, 5 Anitha 0 45 1 H &k Gly 0.25 0.21 0.29
—&, B RKN EAA/TAA il EAA/NEAA (T W& Ala 1.41 1.36 0.39
W 22 0L G FE B 0 - 0 B AR B AT R B EEOR e & & Cys 0.19 0.16 0.10
EAA/TAA Fil EAA/NEAA HHK T Kk, 7] fE 5 R 45 R Val 0.61 0.53 0.34
REE R RSR A REEE N T AR EREA . EH M Met+ 0.25 0.22 0.09
AR IF R R AR AR . 5. SELRIR e 0.54 0.47 0.26
SR RN &R & W T ROk, Kok a4 = LR Leu 1.86 1.72 0.56
Bt THOK . BRBIEER A (/R 41, W0 il 2 K 1 At it @R Tyr 0.39 0.36 0.24
WA BRI AAS B TRk, K& 1 % RN AR Phet 0.72 0.68 0.34
(97.89%) K BE 2 5 (90.53Y) AR AAS i - HH WM Lys 0.15 0.12 0.23
R T OR(29.47 Y0 Y 5 SRR B TS P I AIK o 4% 8 His 0.43 0.41 0.20
RIS o KORR S S BT 2 R B BOL A E R MER Ay 0.40 031 053
Az WSO S TR DRI UG AT R 8 OK o B R T 43 v 1 AR Wil AR EAA 4.73 4.32 2.18
5 IORIR A FETC » DT 32 85 ROK 25 11 BT 7B R0 JE b H AR NEAA 10.16 9.39 1.58
2.3 RIERESH BT TAA 14.89 13.71 6.76
2.3.1  TPA¥RE  KOKRZEE B Rtk s Kok & EAA/TAA 0.32 0.32 0.32
it T I B B R B L R )R B R BT . Meullenent EAA/NEAA 047 0.46 0.18
x4 HEREBRASITN
Table 4 Comparative evaluation of essential amino acid components
HAER G/ (mg - g7 - MEMD FAO/WHO FIEM V4T (AAS)/ 7
TR i !
fik1s k25 KAk AR WIS  HiE25 KAk
J & Thr 0.42 0.39 0.25 0.9 16.67 43.33 27.78
SR Val 0.61 0.53 0.34 1.3 46.92 40.77 26.15
REE R e 0.54 0.47 0.26 1.3 41.54 36.15 20.00
M Leu 1.86 1.72 0.56 1.9 97.89 90.53 29.47
FH AR Phet+ 0.72 0.68 0.34 1.9 37.89 35.79 17.89
HiZ M Lys 0.15 0.12 0.23 1.6 9.38 7.50 14.38
AR His 0.43 0.41 0.44 1.6 26.88 25.63 27.50
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x5 KM TPA 1
Table 5 TPA characteristics of rice
FE S iz /N FhbE/ (N - 9 RELAE 1 /N
Kok 26.58+1.06¢ 14.2840.04% 9.1540.21¢
e = 14.3340.87° 8.1140.20¢ 5.8340.18¢
g 2 5 23.1841.65¢ 14.0740.98% 10.3141.13%¢
M&E1510% 16.89+1.18¢ 9.6940.194 6.7740.07¢
Mz 1%5 2% 16.8241.56¢ 12.7842.41b 9.65-+1.73b¢
Mz 15 30% 19.5742.49¢ 10.71+2.65¢ 7.3741.77¢
HiBE 2 5 10% 23.8241.41b¢ 15.0541.39% 11.2640.85%
g 2 5 20% 26.65+0.72¢ 16.1440.35 11.9540.29°
e 2 B 30% 26.0040.11 15.65+0.34° 10.3840.697b¢
T G RN R R 25 5 B 3% (P<<0.05),
SETOTRIE Y A B, B R 6 O R EL IR T S R AR Y RO6 KEBREITS
FRHLZE R . FER 5 AT, ROKOK IR G R R B B 2 Table 6 Sensory evaluation score of rice
TR 15 MBE 2 SORIR T BE 2 5 R AR I B B2 L 6 B, @ WE wWw K5 O G4y
BfF P AP ME MRS TR 1 B ORI, BRI E R ORIR ok 145 165 13.0 14.0 145 72,5
TPA FtEA B & (P<<0.05) . 5 AR KIEMIL. "I wiFE 1% 15.0 14.0 14.0 155 12.0  70.5
MZE 125 BRI TE MBI BB IL(P<  WE2E 16.0 150 11.5 140 9.0 655
0.05) , T HE B 9 18 2 75 25 35 W1 A0 5 R opr 35 0 1 W o 5ok J2 MWE1IS10% 15.0 15.5 15.0 16.0 15.0 76.5
KT K BRI B OIS S 30000 ok ry ok ey TR T 20001801600 IR0 S 9 76
e, B BE 50 b SR S T Sk 5 4 W Ak AL WiZe1%530% 14.5 155 13.5 14.0 15.0 72.5
T B T T UK oK 0 0 B S BOK R B 4 Wigg 245 10% 14.0 15.0 11.5 14.0 13.5 68.0
W25 20% 12,5 15.0 10.5 14.0 10.0 62.0
1SR BC L B 20 D016 R U 85255 /1 6 HF 0 L0 4 MiBE 2 5 30% 145 150 11.0 12.5 105  63.5

KB B T RE R M Z 1 S Ui i 2006
IS 3 TR KRR AR TR T oK B X L3 27 Ak, ROK 8
KPR E A — T BUBCE AT 0 AR X T RE LS ROk LUK
Wk A ERMBRER —A K T UME 1 5 &L
200 R FL . WS BE 2 5 U TR OKOK IR BE T B B M

P LI A 38 O I 5 TR OK PR BB A R K
IE&&E%‘QE%ﬂﬂ"%ﬁz?&ﬁ%ﬁ*ﬁa@“ T 2 A
2 SR LB A 10 06 i oK W B E | MO o Ok %
VLSRR KAR » 8 W AT o Zho SFUS BRST AR L b E

e X B AIG  h E  MH EE R Rk IR . 4 b
Mg 1 S AEE 2 5 IR 4 R 20 % 1 10 % 1)L TR

AR R A B85 38 0 TP I v A R R

2.3.2 ORUUEESE  miE 6 AT, di IO E
ARSI 8 T BOROR BT 2R 1 5 R IR G oK A A%
Or TR BE 2 5 KU M BE 2 5 R AR (3 7 00
B AHBEOR TR BT ZR 15 R AR, 3 TR D B
FfAE 2 5 BER IR A B i LS T AR AR
JKH Y EAET T AR BOR B BE 2 5 oK R B
B 28 L AV Ot A S T SRR R O T 4 AR AR
2 15 A IS 0 2 0 1R oK R 4R BR Ah LT 25 7% ﬁﬁlw,\ﬁh
FEBR VP33 T« 2 H AR 1000 I . 3R K OK A5 Al 8
BT fo - BT A PR A 5 1A BE 2 5 B 2 TR K
AR B A S AL S SR bR VE 2 3T B R OROR IR

SRR T /N T 4 R OK KRR A BE 2 5 YR K K R R
B WMTHWE 1S, RUME 2 5 A AEH 5 KK
.

2.3.3  MARAMESAT f R 7 AT TR K OK AR Y RE 5 K
TR FEAEAEAR B 3 R O (P <C0.01) , BV 7K 328, TR K
R AR S /)N L 33K 55 VR K I T B U A S ORORL IR K R
AR, RAKTE BN S 2, H R A B R R
TR T TG B Y 43 F 8 U5 3 BOUE 5 K 43 - 2 fi
JIT LA AR PR s 30 LR ok A T, R A 8 B S K IR
T BE ) 5 4 B 35 1E A G (P <C0.01) , 5k R B R B
R W 3 B7URE 5G (P <0.01) 5 K 4 (1 PEL I P 15 885 K L 3] 52 A
3 B AR OG (P<C0.01) , 5 Wl 5 1 Az O 3 2 4R 12 3% AR
K(P<C0.01) . KRR I ECE T -5 WL F1iE DGR 2 )
135 TEAR G (P <C0.01) , 5 0K L0 i 2 4% W 35 7R 56 (P <<
0.01) KR a5 5 FHo Al 5 b 1] JC i A G M. 45 B LR OK
KA 0 B IR O DL B BT 43 A2 K L A DL B
TR R GG W 7K SR KA R B R B R DN 5 B OK TR
TE L 91 38 I o K TR 1 86 B L L R B R L (EUECE TR A 2
TR BV ORE BE B VS IR T AT Y . KR A B L
G FE R R WE R IR H R E R SRR XS
TR TP B VE A O R IR A O, BEUTE MR R OK E
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R7 OKREBAEBRTEASREXES
Table 7 Correlation analysis of physicochemical indexes

and edible quality of rice

LD HOKILH  BUE(E BELR % K
AR (e —0.369 —0.183 —0.051 0.168
K AR R i —0.038 0.224 0.171  —0.826* *
AR B B 0.528** —0.368 —0.425* —0.532**
K AR WL W 0.652* * —0.524** —0.564" " —0.238
JE R4 —0.541* 0.590* * 0.554** 0.093

o« BEMKE(P<0.05), *« x B FH K (P<0.01),

B 246 8 | 2022 £ 4 B | RAEUM

HEYE Ry A ik AR R ORI AT
2.3.4 OKRWRBRA R BRI R L RN RS2
P HEEEN SR A AR A E R E N, e
W — R RV RS, 0] 5 ¥ R Y R B A A
MR LR & & . BRI P T %l 100 £
Tl IRV 40 S, R A — S R R L TR L R L e A DL %
WA AW o W28 W TR R AR P I R IR A A
BEPR

H1 22 8 AT, 2l KOR KA P L S g Y 5 R 25 2
P 28 C2R0 MR 2 2 AP BR S L 1D ok g 2% A L AP RS, Hoop

£ KEPLETHHRKLEY
Table 8 Analysis list of flavor compounds identified in rice
MRS it/ %
HhK WA . B B 2o BOEE 2 Mg 2B BT
SOk ME 1S i 2 *ﬁf); e b mi;ﬂ @Eﬁii fie b m’jﬁ;
T 0.18 — 0.26 0.14 0.27 0.19 — 0.22 0.20 L7
2 I 1.94 - - 0.21 0.28 0.34 0.65 — — B
R R - - - - 0.12 - - - - B
L - - - - 0.08 - - - - Rk
5T — 0.08 — — — — - — — LD GUS
a3 0.09 0.27 0.06 0.07 0.07 — — — — KE
S I - 0.10 — — — — - - - KR
O 1.01 1.64 - 1.37 0.98 0.72 - 0.38 0.24 HEE
W R — 0.15 — — — — — 0.08 — KR
T 0.14 0.07 0.08 — 0.13 — - - - Mt &
7% s 0.59 — 0.77 0.52 0.49 0.57 0.61 0.66 0.64 R
2— HIRE T — 0.15 — - - - - - - LIS
3-SR TRE - — 0.07 — — — — — — P
3.5- THIEHEE  0.29 — 0.34 — — — 0.20 0.20 0.21 Ak
., FRRZTE 0.06 — — — — — — — - [ 2% 3
[LERS §

By g 0.71 — - - - - - - - it
sk 2- Ff vk g — 0.25 — — — 0.10 — — - FEAE IR
2 TR L 0.41 0.93 0.34 0.61 0.87 0.67 0.28 0.32 0.36 T
L LT — 0.56 — 0.09 0.17 0.27 — — — TS vk

e LT ik - - - - - - 0.35 - - i oA
R 1.21 0.98 — 1.03 1.29 0.90 — 0.96 0.85 %A
— ET%‘E 0.10 — — — - — — — - %H&%%
L-BE 8 — — — — — — — 0.43 — [IEUR
BEIIR — — — — — — - — 0.54 R
2 — — 0.04 0.15 - — - — — L1
a7 — 0.08 — 0.13 — — — — — KB
BEJs 3N - - 0.06 - — - - 0.10 - TR AR
T - — — — — — 0.34 — — KA
i - - - - - - - - 0.07 FESRLBR
ke — 0.71 0.58 — — — — — 0.48 L
Hifts 4-F N EOR DY - - 1.00 - - - - - - R
F:S 0.13 0.09 0.18 0.17 — 0.07 0.09 0.09 0.08 WA

T —FRREHRARK
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T 2 FITHR 26 2 B350 AR N 5 1 4558 2.12%@&*%@5
MM AN 1.31%,0.77 %, T Wk R 28 R R 2

BT & A X EAR . MFR 1 SR KOR AR T T 6 AR
WRAL S 4. 43 3 S — A (BB ) L 2 ORI
BECHE W IEE ORI FD 2-F Lk g (BEFE B L — H
B EE G EEoR) s FE R 2 A R BRI A
G3A 5.00 % 53,22 % 5 LU S TR 2SRk M 2, S G A
Sy A 1.55%0,2.25%  Ho A W 0 A LA R AR, AR BE 2
SROROR IR F BN T 8 R KU AL G s 43 ) Dy B KR
) H BT B GRS RS RO L L-45 2R (BR W) . 3% 3 R (1R
W) 3R CRE R S WO B ORI B H BB 2 360
W) IE CHEAT B 5 HOvh B 2R IR 28 & Wb e, A U A
B 3.22%,2.78 Y6, H U g R 28 A0 0k IR 2, Sl AH XA
WA AN 1.07%,0.96 20, Fo A R & R AR AR, {H K
TR A XU A B ) 2- £ Tk 35k o g6k 4 A A HE L T RE
sl G S0 2 S AR [ IR 3 o

K I AEAE TS 5 B 28 W o AT Dy R OK R R i —
SE TG AT S AT I e IR 5 A ok i 2
BT RAR B S A T AR T R TR AR B vk 5
TR 5 i 28— MRV AT 05 B W o (R R AR 1 B AR B 5 4k
P FE S 0 A7 350K DR A0 0 TR 1 HRR . 2K b BOR B
HINT RORK AR A KUK Ak A ) R 2 B
3 g5

S F I, KOK Y 28 (S 3R IE I B e B &
ERIESBM, SHORA MBS SR M. R’
DK OKAR 1) 785 BRI MEL VR 4 5 9 OK 2 I LG ) AR 3 E AR
K (P<C0.01) , {H B 5 L 4] 5 188 B 1 43 4 A fob 3 1A
K(P<C0.0) M2 15 A VRN BH 8 42 5 T JROROK IR 1 )k
BAES, BRI 10 % ~20 2 B L IR KK AR A 35 47 19 5
P oA R A o ORI AR N B i T R OKOK AR R
RBRAL G P Fh 2 Je & B2 TR VE A R T AL oy 5 2
) e A AR FR Xt XL SR L A 5 0 1 R B R, D Sk T
AR

2 % 3Tk

[1] FUKAGAWA N K, ZISKA L H. Rice: Importance for global nutri-
tion[J]. Journal of Nutritional Science and Vitaminology, 2019, 65
(SuppD: S2-S3.

[2] MONKS J, VANIER N L, CASARIL J, et al. Effects of milling on
proximate composition, folic acid, fatty acids and technological
properties of rice [J]. Journal of Food Composition & Analysis,
2013, 30(2): 73-79.

[3] fEaG AR, BB, ARl bk, 45 RO BE AL 5 bR -5 8E A 5
PEBFIE[I]. A hfoll K252 41z, 2002, 21C1): 83-87.
XIONG Shan-bai, ZHAO Si-ming, LI Jian-lin, et al. Study on the

JBE H9 AH 5%

correlations between physicochemical properties and sensory

 OBE . AR—EXRRKRREE

qualities of cooked rice[J]. Journal of Huazhong Agricultural Uni-
versity, 2002, 21(1): 83-87.

[4] GULATI P, ZHOU Y, ELOWSKY C, et al. Microstructural changes
to proso millet protein bodies upon cooking and digestion [J].
Journal of Cereal Science, 2018, 80: 80-86.

[5] WIEDEMAIR V, SCHOLL-BURGI S, KARALL D, et al. Amino

acid profiles and compositions of different cultivars of Panicum

miliaceum L.[J]. Chromatographia, 2020(18): 829-837.

T T e ORRE JEE T Rl it 5T DT 5 2% R O 5 SRR BF 5T (D

JELBH: 7Y LR ARBEEE 2, 2020: 4-6.

YANG Qing-hua. Comparison and evaluation of cooking edibility

[6

=

qualities in waxy and non-waxy proso millet[D]. Xianyang: North-
west A & F University, 2020: 4-6.
71 B2, SIA%E, S0, . BRE G5 KO T X R R IR
B BB AR V0 B2 (3], AR DRI 2 iz, 2019, 34(8): I
7, 33.
CAO Zheng-zheng, JIA Cai-hua, NIU Meng, et al. The effects of
simulating traditional firewood cooking methods on cooked rice
taste and protein nutritional properties[J]. Journal of the Chinese
Cereals and Oils Association, 2019, 34(8): 1-7, 33.
R, X2, PORE. 12 R Ze Ok ROLR G ORI W 40 A [0). 1
A RHE, 2012, 37(8): 136-139.
CHEN lJing, LIU Hong, SHEN Qun. Sensory evaluation analysis of

(8

=

12 varieties of grains and mixed grains[J]. Food Science and Tech-
nology, 2012, 37(8): 136-139.

[9] BOESWETTER A R, SCHERF K A, SCHIEBERLE P, et al. Quan-
titative analyses of key odorants and their precursors reveal differ-
ences In the aroma of gluten-free rice bread compared to wheat
bread[J]. Journal of Agricultural and Food Chemistry, 2019, 67(40):
1-36.

[10] AKHARUME F, SANTRA D, ADEDEJI A A. Physicochemical and
functional properties of proso millet storage protein fractions[J]. Food
Hydrocolloids, 2020, 108: 105497.

[11] ANITHA S, GOVINDARAJ M, KANE-POTAKA J. Balanced
amino acid and higher micronutrients in millets complements leg-
umes for improved human dietary nutrition[J]. Cereal Chemistry,
2020, 97C1: 1-11

[12] FBFIEIN « BB, B FLI/REHR « I, BT . 20 (3 BE T 44
kY SR R ) S R A ELVE A (9. AT, 2020, 39(7):
31-36.

JIAWUTI Tuo-lie-huo-jia, TAHAN Wu-mai-er-xia-ti, SUI Xiao-
qing. Amino acid analysis and nutritional value evaluation of 20
pan seedicum miliaceum mterials[J]. Seed, 2020, 39(7): 31-36.

[13] £ 4, 45/, XM, 2. e S8 ph 8 Wi R 3 B 2n
PR [T, 2228V W 24 4R, 2019, 39(4): 438-445,
WANG Jing, LI Xiao-ping, LIU Liu, et al. Principal component a-
nalysis and comprehensive evaluation of amino acids of oat and
other four crops [J]. Journal of Triticeae Crops, 2019, 39 (4):
438-445.

[14] LT H Y, PRAKASH S, M T, et al. Instrumental measurement of

205



206

F % Bz DEVELOPMENT &. APPLICATION

cooked rice texture by dynamic rheological testing and its relation
to the fine structure of rice starch[J]. Carbohydrate Polymers,
2016, 146: 253-263.

[15] MEULLENET J F, CHAMPAGNE E T, BETT K L. Instrumental
assessment of cooked rice texture characteristics: A method for
breeders[J]. Cereal Chemistry, 2000, 77(4): 512-517.

[16] £ Bk, PRAREE, B, ROKR LR A5 -5 oK DR BT AH O 1 i) F
F 0] A AR, 2011, 27¢1D): 1 312-1 315.

WANG Yu-zhu, LIN Wei-feng, CHEN Zhong. Study on the corre-
lation between characteristics of rice and the quality of cooked rice[J].
Modern Food Science and Technology, 2011, 27(11): 1 312-1 315.

(17] 5K oM, BIS0R, ST, 25 8K 500 ok 416 % 22 4 LK By
BRI A [T). B S HLAK, 2021, 37C1D: 193-198.
ZHANG Rong-bin, YAN Jing-chao, GAO Wen-ming, et al. Effects
of the combination of japonica rice and indica rice on the eating
quality of rice noodles for infants[J]. Food & Machinery, 2021, 37
(1): 193-198.

[18] ZHU D, ZHANG H, GAO B, et al. Physicochemical properties of
indica-japonica hybrid rice starch from Chinese varieties[J]. Food
Hydrocolloids, 2017, 63: 356-363.

[19] B KAL. KOKFL bR b BT -5 KK SR R 1 9 A SCPERTF 52 D). K
W IR AR K2, 2012: 2-3.

HUANG Tian-zhu. Research on relativity between rice”s physical-

B 246 8 | 2022 £ 4 B | RAEUM

chemical properties and edible quality[D]. Changsha: Hunan Agri-
cultural University, 2012: 2-3.

[20] T2, Bk, KA, 45, AR A ROk BAL SR AR 04 22 S5 0F
LI A2 SN T, 2017C7): 41-43.

YU Guo, QIAN Li-li, ZHANG Dong-jie, et al. Study on the differ-
ences of physical and chemical indexes in variety rice[J]. Farm
Products Processing, 2017(7): 41-43.

[21] FUKUDA T, TAKEDA T, YOSHIDA S. Comparison of volatiles in
cooked rice with various amylose contents[J]. Food Science and
Technology Research, 2014, 20(6): 1 251-1 259.

[22] CLAVERI P, ZHANG H, LI Q, et al. Impact of the soak and the malt
on the physicochemical properties of the sorghum starches[J]. Interna-
tional Journal of Molecular Sciences, 2010, 11(8): 3 002-3 015.

[23] ZENG Z, ZHANG H, CHEN ] Y, et al. Flavor volatiles of rice dur-
ing cooking analyzed by modified headspace SPME/GC-MS[J].
Cereal Chemistry, 2008, 85(2): 140-145.

[24] LISABELLE M, CHRISTIAN M, KARINE P, et al. Odor-active
compounds in cooked rice cultivars from camargue (France) ana-
lyzed by GC-O and GC-MS|[J]. Journal of Agricultural and Food
Chemistry, 2008, 56(13): 5 291-5 298.

[25] BRYANT R J, MCCLUNG A M. Volatile profiles of aromatic and

using SPME/GC-MS [J]. Food

Chemistry, 2010, 124(2): 501-513.

non-aromatic rice cultivars

(k3% 103 70O

(13] AN, XIBL, 228 pK, 55, BB 5 i AL o it B s Sl 52 (0],
125 5 AL, 2016, 32(1): 63-67.

HUANG Zhi-gang, LIU Kai, LI Meng-lin, et al. Simulation of
measurement section of single screw extruder for PLA[J]. Food &
Machinery, 2016, 32(1): 63-67.

VAN, E D&, 2 E SO S 5w SURAR S W AL AT
JE ). A2 AR, 2019, 11(3): 9-15.

HUANG Zhi-gang, JIANG Wei-xin, LI Xin, et al. Simulation study

[14

of meshing counter-rotating twin-screw extruder [J]. Packaging
Journal, 2019, 11(3): 9-15.

(15] & )1, R, 25 9F B, 45 SUIBAT WG & o0 1R 5 SO 80T 14 X
5 R 4 FL[I]. TR SRR FH, 2020, 48(6): 74-77, 87.

HAN Hai-chuan, LIU Jin, LI Kai-guo, et al. Simulation of
influence of twin-screw meshing element and anti-thread element
on flow field[J]. Engineering Plastics Application, 2020, 48(6): 74-
717, 87.

[16] FEAEFE. FLALY /2R A Py A5 SUBAT 57 i LR B i 2 o i %
ERIPD]. K5 RS TR, 20210 17-21.
CHENG Jian-bang. Numerical simulation for inorganicsubstances/
polymers in blending and extrusion process oftwin screw extruder[D].
Taiyuan: Taiyuan University of Technology, 2021: 17-21.

(7] A B, 0. R AR L L2 584 (M. bt B ok
Hi AL, 2010: 14-16.
YANG Ming-shan, ZHAO Ming. Plastics processing technology
and equipments[M]. Beijing: Printing Industry Press, 2010: 14-16.

(L% 161 30

[11] BAE, M8, B R, &5, B DX B ol 0 28 A 392 58 o I
ZEAVEO BRY B 2 S (0], £ 5 Tl B, 2020, 41C19): 60-66.
MAO Juan, WAN Peng, LIANG Guo-ping, et al. Establishment of
comprehensive evaluation model of apple quality for regional suit-
able varieties selection [J].
Industry, 2020, 41(19): 60-66.

[12] 75 BB, XU 5 T [0 09 3 BURR 5 00 45 1 30T 20 80 Ol 3% 3 2R e
R it SOV D5 B FE 0], 12 i B, 2020, 45(7): 303-308.
FANG Ming-ming, LIU Jing. Evaluation method of apple chips

Science and Technology of Food

quality by near infrared spectroscopy based on regressive convolutional

neural network[J]. Food Science and Technology, 2020, 45(7): 303-308.
[13] X1z Wi, E 5. 35T SFLA fLAK 9 BP i 2 o0 2% 32 8L & i <k
WU R B[] 13 S5 ORBE, 2020, 39(8): 96-99.
LIU Yun-gang, WANG Wei. Apple fresh odor recognition system
based on SFLA optimized BP neural network[J]. Transducer and
Microsystem Technologies, 2020, 39(8): 96-99.
[14] KB, Wi, %, 5. 2T BP W45 0935 0 B & O 1k Jo i
K (7] f2%% T/, 2020, 41(15): 14-18.
MENG Qing-long, SHANG Jing, YANG Xue, et al. Nondestructive
detection for hyperspectral imaging of apple firmness based on BP

network[J]. Packaging Engineering, 2020, 41(15): 14-18.



