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ZHANG Jingwen', MA Shunzhang?, LIU Chengyang?, LI Lin®, SHEN Ruiling?

(1. Culture and Tourism College, Henan Vocational and Technical College, Zhengzhou 450046, Henan,
Chinaj; 2. School of Food and Health, Beijing Technology and Business University, Beijing 100048, China;
3. College of Food and Bioengineering, Zhengzhou University of Light Industry, Zhengzhou 450000, Henan,

China)

Abstract: To promote the consumption of whole-grain oat rice, enrich the nutritional content of rice, improve
its nutritional composition, and provide convenient food, this study used self-made whole-grain oat rice with
9.82% dehulling rate and rich in aleuron layer and commercial rice as raw materials. The effects of soaking
conditions, oat rice proportion, and rice-water ratio on the quality of composite rice were studied. The optimal
steaming process for composite rice was determined by texture analysis and sensory evaluation. The effects of
baking powder addition, steaming temperature, and freezing temperature on the processing quality of freeze-
dried instant mixed rice were further studied. The rehydration characteristics and sensory quality of the pre-
pared convenient rice were evaluated, and the changes of its flavor and nutritional quality were analyzed. The
results showed that the composite rice prepared under the conditions of soaking temperature 25-40 °C, soak-
ing time 20-30 min, oat proportion 30% (mass fraction) , rice-water ratio 1:1.5-1:2.0 (¢/mL), and steaming
time 22 min had good quality, good taste and was conducive to digestion and absorption. Under the conditions
of 0.5% baking powder addition, 120 ‘C steaming, and freezing at —20 “C, the rehydration performance was
the best, which could optimally change the microstructure of oat rice and rice. Compared with fresh mixed rice
and commercial instant rice, the freeze-dried instant mixed rice had richer nutrition and aromatic components.
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Fig.1 Influence of soaking conditions on water absorption of

composite rice

W B HE A OK A LRI R A R A A B
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Table 1 Effects of different proportions of oat rice on texture characteristics of composite rice

FEAZ K H/% fifi i /g g & 1N NI/ WA F1IN ZhE/(mPa-s)

0 1 934.769+144.564' 0.706+0.007" 0.312+0.011" 933.641+77.281¢ 0.067+0.0022 360.030+70.709¢
10 2 798.156+134.321¢ 0.718+0.011¢ 0.331+0.009* 1 140.672+58.605 0.068+0.0012 1 650.510+55.630"
20 3089.612+110.767¢ 0.724+0.009¢ 0.299+0.015" 1 102.240+124.880°! 0.053+0.001"> 1 849.450+127.104¢
30 3 475.050+123.423¢ 0.758+0.009¢ 0.276+0.010° 1 374.876+93.495¢ 0.052+0.002" 2 195.990+74.4964
40 3 609.159+136.505¢ 0.806+0.011¢ 0.240+0.010¢ 1 022.059+87.208% 0.049+0.001¢4 2 396.200+76.491¢
50 4171.975+99.762" 0.875+0.012¢ 0.225+0.0084 1216.091+72.265" 0.047+0.001¢ 2 734.150+110.068"
60 4255.481+109.504" 0.934+0.009" 0.207+0.011¢ 1131.731+60.710¢ 0.035+0.003¢ 2 866.130+126.414"
100 5487.152+165.339 0.997+0.009* 0.177+0.012f 1321.191+£95.505% 0.026+0.003f 3900.120+99.357¢

H: RIFAR R ING R R R 22 5 1.3 (P<0.05) o

W £ 2 4 19 H 90 17 38 K120, Gondal 451214 38t K =K L 0%

O 5 OEL O 5 5 e 2% B o ThEiom

K 4 0 FE 15 2 2 7 4 M E T A 0 KA 9 B DE: Ao

B 55 5 A 08 R Ak RN ] T AR T AT DR TE B o ROK T
1 HL B R 3R 90% , PR G AHEZZ K L R & R BUR
B AR TE A B8] R AR DA T 5 350 B AR L (EL £ FH 5
BRI R m R . RS 3 R 5
KR 32 RN 1T JER Y T S R R R S OK N
30% B, 3 R B R S R A R TR SR AR TR B
FH A B

XA ) e 42 oK o b B TR B R IR A T TR, 45
W 2,

I 2 ATAL, FHE 2 K A 109%~50% B R AR A5
ST, EAE K HE 60% BRI 100% fY 23 A7 K
RIS A R A R TS TORIR A 10K
AL L, A K TR A KRR K 78 0, Ok =E 5 , /D 4k
KBIVES , BRI . B3 b, 33K 5 T 60%
RNl 3HE 22 KU A BB (2L B G, 40 RO IR e 42 Ky e 3%
RER A ARRE e 25] . 3 O PEZS R o, i

& AR N T 50%
> A K5 L 60%
-o- JHEAK N 11 100%

3 4 @i
B2 AE#FHEKGLARERIEEEITMN

Fig.2 Sensory evaluation of composite rice with different ratios of

oat rice
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BONE IR, M AU RO B S 2 iR A L 7%
Ir ANUNGHEA R 7 LR AR SR A b SRR R
VAL 3862 K o FEBAR A TR B R 5 Wt PN 5% T4
AR EGE o BE BEER IR G ORI DAL R, e

Kb Hoh 30% AR R aE .
2.1.3 IRA AR ToRAK L

TRA AN T8 K 7K Eb X A AR by R B 3T
S3 B ISR 2 R 3.

R2 AREKKEE IR G AKIRFRAGR R R0

Table 2 Effects of different rice to water ratios on texture characteristics of composite rice

KoK e/ (g/mlL) Tz /g M 4 1N NI /g & F1/N Zh1E/(mPa-s)
1:1.0 10 418.08+142.50* 0.845+0.014" 0.383+0.032° 3367.39+230.50° 0.152+0.016* 327.77+66.50°
1:1.5 5 584.89+97.15" 0.8340.021 0.346:0.024*  1600.26+153.51"  0.1140.023"  877.01+53.50"
1:2.0 3 876.30+124.45° 0.9440.023* 0.268+0.021" 10701811827  0.0680.012°  1486.1776.51°
1:2.5 3357.79+£110.51¢ 0.935+0.019 0.265+0.017" 688.81+165.49¢ 0.045+0.009< 1 935.39+69.50"
1:3.0 2 595.21+£90.50¢ 0.582+0.032¢ 0.219+0.011¢ 404.30+123.511 0.031+0.011¢ 3355.23+110.51°
1 : FHIARING FhER0R 25 57 1 3 (P<0.05) .
A ORI L0 2.2 M RAIOKE T H IR A RIRE KPR
KL 1015 TS 4
kit 15 220 T ErR A KISk R

- KK 1:3.0

LS S

i A
3 TRERKEEZESIR A KR RE TN

Fig.3 Sensory evaluation of composite rice steamed with different

jares

rice to water ratios
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AFIFIENEG . B 3 AA, MK RERE & B ok E
KK EEXT SN 52 M AN, 0 11 G R S5 Bt K
K EE 3G T e B s s/ e oRoK B 1:1.0 (g/ml)
B EE A5 r BefIK, KK A 1015 (g/mL) B (SRR 75
Gy o LR RIK U AR R BB R PR 25 L
KK R 1:1.5 (g/mL) B, 28 4l H Ok B TR A K I o
I, HUB R AR W Rl . PR AR KK L
H1:1.5 (g/mL) 244 T AT A BV E 5 A R R B b1
R A4 A K 5 TR TR B KR .

ZEA UL B SR T IR A ORIRIZ IR Bl 25~
40 °C, = LT E) A 20~30 min, TRA K I8 4 BE 4
i, e K HE 30% KK HE 1015 (g/mL) B IR A
RS R R R A, HLA R R IR AR

HLFT A VS I A | 2% 28 0 B 0 VA I B R T i
TR AR K RE (FEARALEE ) Y 52 DL I 4.

WK 4 FroR, 3T R K fE CR KAL) A 42
PEVER o Bl /K PR E) A K, B AL R T s i it
0% H1 0.5% ) TR ALY B 24745, HFAE 4 min J5 4
TFFa . FKALIE Sy 8 min I, Y80 0.5% 4T ¥y 5

a 30r
a
a a
25¢ —
b ————
a a
20k ab
= b
= .
Z 15) —8— 0% JLFTH}
[ ——0.5% T H
1.0+
0.5F
0 , , , )
0 2 4 6 8
FEK AL ] /min
b 3.0r
a
254 b ab i
20F ¢ N a
i b
= e
) 1.5F c —m— 100 ‘C7EH
[ —e— 120 CHEH
1.0F
0.5F
0 , , , )
0 2 4 6 8

TR AL E] /min
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4 FAEBERMEFERRBERIEREKIEENZME
Fig. 4 Effects of different factors on rehydration performance of

freeze-dried instant mixed rice

KRR 1 FE/K AL BE i T 4l 7K IR M KR IR (] 4a) 03X

2L B S [TNBIFSE 45 SR — 3, WA TR T R R
R K, DT 23 52 /K PR BB, 78 28 T 8, 25 52 T K
FREE  FE 120 “CHMF T B AR T3 IR AR, Bk
U BE e B, 76 4 min 2247 3R B F-#T . 7E 100 CEAFTF
A IR AR, FKALES [ 2928 6 min, BLA,
120 ‘CTFZ BN Y H KA B 2GR 8] T 1 100 CF
BN TYE A (K 4b) . B HIRE ER T
AR K EE R BEBERELF i K 2 M
By, 43 HE-20 “CHI-80 C¥A T 24 he M 4¢ ATHN, 7
I 2 min P, PG PR AR BE 44 e (ELR 5 Pk b
JE B 380 IR, X AT AR TR TR R R
AR LB AR T B0, 78 5 K R4 o ms
=20 C¥ 7RI RT3 1R A K R PR AL 5 T-80 °C
2.2.2 WOFTR AR DA 2% A U B R VAR U X O T
VR A RO 45 F4) 1 52

YELFTRY VS N ot | 2 280 T B R VRIS X R T i
TRA RIOILZE A8 1) 52 M LI 5

B 5 XASHRERFAXSEHRHINLEN

Fig.5 Microstructure of rice and oat treated in different ways

P L SA AT, SRR o 8 FLIR AH % 32, B i A
14 D 28 5 4, FLAL BRI 1 1 5 P 3 U s 1) W50 K
Rk 2% 2 1 T ad B R0, ML Z R R4 ik
P -20 CHK PR DS 2N FLBR (& 5a) o SR, #E
0.5% TRy i i fa , KK v L Bt B A28 R H B o
Y151 (&l SB) M BT B LI (&l 5b) . 253k
B, YT A S KOK ke 22 FLBR I KA R UEE . 5
100 “CF & 2 FOK BHER A EE L 120 °CTR & 2 Ok
B AHEAE A FLIR K, bR &5 44 B I I (&1 5C FAL Se)
T 8 5 ROKVE By 14 B B RO A A 567, Rl 25 8
AT R RE B FIRAS , 100 “CVE N 54 T 5 L3 A3
5 kg5 R —50, SEM . /8-80 “C¥& I i 1) KK W T
LB /N AR T —20 “CY TR IS TR A KR TE K

ot AR AL R, A S WK 4 . BARTE-80 'CTT
Aib B R HEAZ - KOK HIE I T — 26 R 28 2544 (18] 5D T
5d)  H i T HAER G W iy el TR B3 0
LR T HEIRA KD ML L5
2.3 R G ORM HTEHR GOR RS R A K
DR A5 R KR ) o L4

TR BRI A R I T 800 Rl R M R ) 5t
FEALEEE B R LB T R R AR o, 2- 2
Pk - 1-ME I bk ( 2-acetyl-1-pyrroline , 2-AP) # A A= 7
K Y SRR, X R B IR T EOR AR R
fief 1 0 TR 5 oK RS T R IR A T KU B3 BT 5T, 5 2R
WA 3.

H1 8 3 T TE RS B R AR PG Y 25 R K
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Table 3 Compositions of flavor volatiles of three types of rice
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o PR - AHXT B /%
SRR T i fe HFX R iR AR

1 14.445 L CeH,,0 25.20%2.05 18.02+0.79 6.11+0.04
2 21.680 B C,H,,0 1.56+0.07 - -

3 26.066 S -2- Bl C,H,,0 1.46+0.10 - -

4 26.701 IR C,H,0 - 2.71+0.03 -

5 28.565 2- TG HE I CoH,,0 14.41+0.85 6.97+0.46 25.95+1.03
6 29.698 I CgH,0 4.19+0.06 2.87+0.24 1.97+0.15
7 30.322 T CoH,50 - 6.33+0.14 -

8 31.900 3-CBE-2-F3E-1,3-C CoHg 0.95+0.02 - -

9 32.464 3-3 s -2- CgH,,0 0.96+0.09 - -

10 34.126 -2 I CgH,,0 3.92+0.07 2.51+0.25 -

11 36.613 2,2- = AR o1, 3- I EA CoH, 40, - 2.08+0.01 -

12 37.705 T CoH,50 8.92+0.15 13.41+0.52 9.54+0.43
13 41.925 i -2-T-Js P CoH 0 1.51+0.14 3.02+0.21 -

14 42.697 ZEE CoHy0 - 1.21+0.01 -

15 43.973 = C,Hg 0.33+0.03 - 0.72+0.01
16 44.133 2-PEILLK I C,,H,50 0.55+0.02 - 1.59+0.15
17 44.145 2- 43k £, 3k 2 7 Fik ik CsH,00, - 0.84+0.01 -

18 45267 BEE CoHy0 1.07£0.10 1.82+0.13 0.97+0.01
19 46.145 S, -2, 4-T AT CoH 4,0 1.38+0.11 - -
20 47.831 MGE-2- 5% 45 Tt CoH,50 - 6.07+0.60 -
21 49.380 2R U - 1- CeH,,0 4.94+0.11 2.30+0.13 1.42+0.02
22 51.695 S22, 4-28 TIREE CyoH ;60 0.65+0.01 - -
24 53.238 4-APT BRI CyoH,,0 1.36=0.01 - -
25 53.374 R -2,4-2% T IREE CioH, 0 4.19+0.20 - 2.02+0.03
26 54.906 2-CL IR R C, H,00 0.72+0.03 - -
27 55.137 I CoH,60 0.32+0.01 - -
28 55.767 2-F I C,,Hy0 - 9.06+0.11 -
29 56.372 + C,H,0 4.03+0.03 - -
30 56.692 2- T B IR T C,H,0 2.53+0.12 3.47+0.15 -
31 58.467 + P C,.Hy, - - 0.90+0.08
32 61.559 TSI C,3H,,0 0.3620.01 2.40+0.11 1.10+0.09
33 62.782 J-2- 57 TR T C,H,,0, 0.54+0.01 - -
34 63.767 RN C,sHy, - - 0.98+0.04
35 64.129 RREINS: CysHs, 0.36+0.03 1.42+0.03 2.83+0.12
36 66.717 2-LHE%E C,H, 0.42+0.02 - -
37 66.782 2, 4- T -b-HS IR O M CgH5C1LNO, 0.49+0.05 - 1.35+0.02
38 67.061 2-F 3 e CyHyg 0.18+0.01 - 0.57+0.05
39 67.732 2,2,4-— W3R FNEL-ER S T iR CoH N 0.27+0.02 1.28+0.09 -
40 68.141 RWAVS: Cy6Hsy 0.98+0.07 5.94+0.35 5.67+0.53
41 68.326 N2 C1oH,,04 - 1.07+0.07 -
42 68.955 AR Bk C,5H,60 0.64+0.01 - 2.62+0.25
43 69.661 RRTSE S ey i Cy6Hs, - - 3.67+0.27
44 69.679 Y- P Cy4Hgo 0.72+0.02 - -
45 70.219 2-F B A7t C,7Hy 0.78+0.02 - 1.74+0.01
46 71.305 Lk C,Hye - - 11.08+0.51
47 71.329 2- - HE R CysH50 2.27+0.00 1.60+0.12 -
48 71.816 I AR T C,5H30 - 0.52+0.01 -
49 72.468 B CyoHy - - 0.59+0.01
50 73.252 3-F 3Lk CsHsg - - 0.45+0.02
51 74.000 RWANSH CsHag 0.30+0.03 - 1.71+0.17
52 74.136 2,6,10- =LA pu ke CaoHyo 0.49+0.04 - 2.13+0.09

53 75.056 6,10, 14- = F 32 F M50 0.43+0.02 - 1.17+0.05
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Continue table 3 Compositions of flavor volatiles of three types of rice
o PN . AT 55 1/ %

PR R in fea HEN TR RRAKE R Rk FERRARR
54 76.356 . CaoHyo - - 0.73+0.04
55 76.718 T I HE Ay I e CaoH;,0 0.4120.00 -

57 76.944 T 1 HH C,,H,,0, 0.160.02 0.49+0.04
58 78.374 FEAE R . g C15H30, - 0.66+0.06
59 78.552 -9/ \ s g C5H,0 0.68+0.03 -

60 78.991 PR IR H MR Cy H,00, - 4.19+0.23
61 80.511 B i CyHy 1.13+0.02 - 0.43+0.01
62 80.541 10-/\Jg g H i C1oH3,0, 2.39+0.00

TR AR M

PEXWRY T . Horp AL AT iR (71.70% )
HIR B E W (9.05%) Flbe ke (7.36%) . B2 5
K HMBE I L BITE 39%~4% 2 18], Horp, Ol & B d
TR o R A R R A XU W Y 18.02%
SHHEEIR ARG I 30 FlE & 1 XU T, Heh e
SRt (32.5%) , b G Wk 2 (27.54%) , T2
S (20.61%) o SR, FRS (BESS R 2R AV IR 1Y
S AR 6%, Hirh,2- kg 5
B, TR A R & KR ) 25.95% . 5
KRR H R TR A KIS A 40 FhE K P
Gre LGN, H BB Sr MIESE(56.58%) Ak
R (14.96%) FIEZS (10.34%) o Ke ke (2 g2
0 B AR X B L 7E 0.70%~4.97% Z 18], 575 5
AR R AR, OO 5 it f =1 (25.2%) , 2- 18 5 Wk g 75

BIRZ(14.41%) o T i BRI 57 7 1070 19 7 L e
AR5 iR T B TR A KR R 5 A I3 A R g, X T
RE- SR 5 B A R R R A R R
5 o3 A TR IR A ORI, UV VR T RO
AR TR A MR AN, R T RIR G
TRFHTER -G RO H B 21 R R XIR YT T
VR TR A R U T ot BRI 4 I )43 A XL
Pyl A 13 il G AN, 3 MR R ST F 23 0 T Y
B2 02 i T O US AN AR P BOR YA [R] S 2
24 T ARG KM SR SRS RIS R A Rk
TR E TR

N T MR VR T R A ORI BT R S ORI R
ity BRI AE B SR AUROT W 22 5%, 3% 4 FIH T =%
(1 BEE IR T R

R4 ATMKEHEFERS

Table 4 Nutritional compositions of four types of rice

PSUTHES I R % BT M 1t/ % BT i/ % B E (mglg)  ERE R/ (mglg)
e AR 15.30+0.20° 4.47+0.07 15.24+0.08" 0.97+0.02 5.17£0.25¢
T HERE KR 10.07+0.13" 1.43+0.05" 10.48+0.15¢ 0.37+0.03" 1.0120.07°
R A KR 9.95+0.15" 1.39+0.04" 11.20+0.23" 0.39+0.04" 1.4020.08"
TR B BRI 8.40+0.09¢ 7.48+0.11¢ 0.22+0.02¢ 0.81x0.06°

T« RPN ) 5 B 2R 22 52 1 35 (P<0.05) 5 -Rm ARG

BN EETEH RS T RN R 2 — 3k 4
AT, T B R R R LR SR R o ) B A I T
A B R TR B TR A ORI, R e B-H R A 7R T
HEIR G KD &N 1.43%, 1078 7 ik 8ok
JUPAEAE . A & R AR AR i, &
RS E SRR T, DL I A i i SRR L 4N
A TR B FRMERO, B EEIR AOR AR T IR A
AR ) 2R SR B R S AR AN K SR R T
HETR A K B LT 40 2 (10.48% ) WAL 47
SRR A KU (11.20%) o R T BB TR A KA P S B FLE
FH R A5 408 0.37 mg/g A 1.01 mg/g, WS T35

A A 45RRM], O T B X T AL R ARG | 27
238 B T ARG AR B 1 R B OB R e AN ]
o Pk, AR T AR S ORIRTERE R 2 4E M BT R
PRy 1WA AR, R AR P BRI 8- SR £ B R4
FUE TR (A 35 00 T 7 i BRI, R S B 5 7
RS AT S I 2 H oK

3 &g

AT T 3T IR A KR T4, 9F
B T AN T T2 R EE 25~40 °C =T [A]
20~30 min . HEZ K 1 1 30% KK 1:1.5 (g/mL) 7
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FIFA] 22 min, BT 25 28 il (10 oK W &% A e 22 19 A Ik L
F , BAT 3 WS SR (e, JFIERT T4 0.5% i1
FIBY (120 “CZEA . -20 "C¥R RN T T2 AT LU o 2k
AR IHE RN ROK B SO & b el Bk PEfE . R Tl
TR A R 5 3 A 3 8 B 8 TR TR A KRR b
PR KRR, B TR A 1= R A R, 5 e
TRAARYAR I 25 55 R Ko {H T 7 (KRR 3 A 5%
ZINTEN R IR A A, AEIE R R R E R R
FATE I 53 55 1 B AR Ak 23 S i (KR AR A PE R AU
KB FRRE AR 5 B R T T £ 2 F 5 (B R IR e
PERIIFIE o G340, Dy R AR H B e 22 K & - R b
DA 2RI 35 6 i 43 1T RE 23 5 ) A A R 2, R
AT ZETF X T 07 R VTH AL RR R A5 o AR SCIF
R EFRMEE T KEEELER 7R, T =
IR SRR RO R R R $E S
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