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Research on optimizing the process of convenient mixed grain rice by
response surface methodology

FENG Ya-Xing', WANG Shao-Feng, LI Yong-Xin, BIAN Li-Xian, YIN Jun
(Shijiazhuang Huikang Food Co., Ltd., Shijiazhuang 050800, China)

ABSTRACT: Objective To study the optimization of convenient mixed grain rice process through response
surface methodology. Methods Using purple rice, black rice, oatmeal rice and red rice as the main raw materials,
the pregelatinization process was determined by the water absorption and pasting degree of the miscellaneous
grains. To optimize the production process of convenient omnivorous rice through single-factor and response
surface tests using sensory evaluation as an index. Results The result showed that the pregelatinization process of
mixed grains was soaking at 23 °C for 120 min and steaming for 20 min; the suitable parameters of the process for
the convenient mixed grain rice were 27% of mixed grain rice addition, 54 min of cooking time, and 1:1.30 of
rice-water ratio. This time, it was possible to produce a convenient mixed grain rice with superior flavor, tissue
state, texture and color. Conclusion In this study, a convenient and flavorful rice of convenient mixed grains was
developed. This provides a certain theoretical basis for pre-cooking treatment in the processing of mixed grain rice

and promotes the industrialization of mixed grain food.
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Table 1 Factors and levels of Box-Behnken experimental design
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Table2 Sensory evaluation criteria for pre-cooked mixed grain rice
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Table 3 Sensory evaluation criteria for instant omnivorous rice
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Fig.1 Effects of different soaking times on water
absorption of mixed grains
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Fig.2 Effects of different cooking times on the pasteurization and sensory scores of mixed grains



276 B i R A R 2 16 %
(@) 90T (®) 907 (c) 90T
85 85 a 851 a
a
80 80 a 80T
b
75t _ b 75+ b \% 75 b b
&
> 70 =70 b =701
R c — R c
B 65 B 651 . B 651
weor d weot weor ~.d
551 %/ Bsst B 551 '
50 50+ 501
45+ 45t 45
40— . . . . 40— , . . . . . . . .
10 15 20 25 30 20 30 40 50 60 1:1.0 1:13 1:1.6 1:1.9 1:22
ZRROKAS I/ % FEFE I} [] /min KoK e

T AF/NE TR BAT B 22 5w (P<0.05),
K3 A BRI ETE B0

Fig.3 Effects of factors on sensory scores

233 RKREFHATFAR LRI Z R

Bl 3(c) 2 KK B L ot {8 AR AR B T 43 1Y 52
Wil 5 K SN R B, 2R T A TR TR
FIFas, KoK B A 1:1.3 B, 28 Us e o0 e o
MK A, R R A A HARORIAA L, FEE KB
TS A BE N, ZRORR TR AR A T R AIG, RO (R I T 4 b
PR, AR K A 28 sl R AR 0 B G R, KRR T
I ROK A S5 M 2, BB, BN 2 o X ]
BEJE M T 2 22 MR SRR KA BB, SKRRLAFZ 572 #4058 F
PYJZ, DT K A P92 8 R AS R 8 R, Bt o it
IKETES N, RO AL R B A, K UR 45 4 ol IR A R
il Akt 4 e m 0 v SRR AR POV g R B S OKOK LR
1:1.3~1:1.5 B, SRR A& MRS B X B, SAIF T4,
RS —3, HOEBCKK BRI 1:1.0, 1:1.3, 1:1.6 fFR
Wi o7 TR 1 3 7K

24 WMEERUHERDH
241 "HE@E R LR

MR LR R IR 45 TR, BERAROK RN a . 280 [A)
AKOK BT 3 ANERAE R B AR, W [ 5L 3 T &
X Z AR A TR P 25 SR L3R 4., @R 4 3T 20T
EHHIIE 0T, f AR TS 3 R R H A
TR EH J7 R R Y=81.14+4.31A+4.00B+1.86C+0.80AB—
3.52AC-0.05BC—6.61A’-6.83B°~6.76C>,

5 NZBIRG T 200 5 B2, % 6 A
BRI REE TR . AT BIAE P<0.0001, J& T
WEWR, KW P=0.2862, B TABELR, hER
K R=0.9864, 15 1E M3 REL R'5q=0.9689, {71tk
21.446, —RINZLMKIBIME(A) . ZZEBE(B), KK
(C)XF 4 52 B B 25 (P<0.01)PY, 2 HIFI AC X455
M B3 (P<0.01), —WKIi A*, B2, C* XF45 Rtk i
F(P<0.01). i@at F R/, RAG45 R 2% FAR R 745
)55 W) e by R B8 /NI Sy 2% AR K S T i (A)> 28 78 5[]
(B> K H(C)o

=4

Table 4 Test scheme and results of response surface
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Fig.4 Surface and contour plots of the effects of different factor interactions on the sensory
scores of convenient mixed grain rice



278 B dn 2 4 R R I A 4R

%16 &

243 EEIZEMHRERIEER
#: 3 Design Expert 8.0.6 234, FRA53& F il #& 7
MR T LSRN ARAKE N 27%, 783 i H
53.84 min, KI/KE 1:1.29, HBHCF 2B E T4 B
AN 82.43 43 . 5 I BN PRIRMERY M, WEH T 23
BOE IO IS 27%, 75 50T E 54 min, KK 1:1.3,
FEILAME P AT IRUF RS, B AR (81.33+2.05)4r, 5
BT A 22 A/, RINZ T 22800 LU T 7 (24 0
W=,
25 FEmREER

TR E PRI 102 ] GB 192952021 (X
A E AR TR ECR S SR ) HETT, kS AR
TR b AR PR A AR 7 BTk . R R BRARKLAR A stk
VIR S5 A B bR e, BT IS 0 2 A S I 2
EXCIOE

RT FIRRAHEIEFR(CFU/R)
Table 7 Microbiological indicators of mixed grain rice (CFU/g)

WH Bt GB 19295—2021
T 75 S 55 <10000
KIGHF 7 <10
G AR IR T FA ENEZ o
WITRIE A FN Lot
3 % iR

AWFFELIER A | BEOK | MG R FNZIK 4 Fh b Ay e,
ZobiR i RARTALIG, Rt 5 ORI, @il Zei ok
HIRK S | AL AU E PEA BT A5 4ok & 23 °C
121 120 min, 7578 20 min, 7ESLAAMF T Z4MOKREAS S0 b
SEEE FROK R Lo e B R 2Ltk |, 384 Box-Behnken
M 1 16T 3 BT 325 6 2 (8 2 RRAR A9 38 B T 25 - 2 ORI
Jnte 27%, ZEEWHA 54 min, K/KH 1:1.3, T TESH
T HEAR R T . AR RN EEN
D7 AR T RE, R IMIIEES & R R AT APk
#OEFREE . BAAFE KT RO I EZHRRL

SE B

(1] VERM, AIoRNE, DB, 5. NIR 78 2 07 2O 7 (8 K 4R it 52 5% i
WEFE[I]. & ik Tl 2015, 36(2): 118-121.

WANG CG, JU RH, MA CL, et al. Different cooking methods affect the
quality of instant rice [J]. The Food Industry, 2015, 36(2): 118-121.

[2] FU J, ZHANG Y, HU YC, et al. Concise review: Coarse cereals exert
multiple beneficial effects on human health [J]. Food Chemistry, 2020,
325(4): 126761.

[3] MWL, XUBL. RVEZMIREIOE SN T RIS [I]. iR R (A A
B0, 2024, 45(2): 101-115.

(4]

[10]

[12]

[14]

[15]

HAO 8SJ, LIU H. The advantages and processing prospects of instant
coarse cereals foods [J]. Journal of Bohai University Philosophy and
Social Science Edition, 2024, 45(2): 101-115.

RICHF. TUFEAMORIRAEARTT & B i BTRF S (D], BB R,
2023.

ZHU W1J. Study on the development and quality of four seasons multigrain
rice companion [D]. Chengdu: Chengdu University, 2023.

TKIE, IR, TKE, AF. AUMRTTUMILALEE B R IR S BUREELD]. B T
Mk, 2020, 41(7): 336-339.

ZHANG Y, SU JW, ZHANG K, et al. The coarse cereals’ pretreatment and
nutritional quality characteristics [J]. The Food Industry, 2020, 41(7):
336-339.

KA, R, R, S TN fb Ak B A RROK R T B
(7). AR, 2023, 23(12): 114-124.

ZHU YQ, NI P, ZHAO QY, et al. Effect of pre-gelatinization treatment on
the eating quality of multigrain rice [J]. Journal of Chinese Institute of
Food Science and Technology, 2023, 23(12): 114-124.

ZHAO JK, GUO WIJ, WANG JP, et al. Exploring the association of dietary
patterns with the risk of hypertension using principal balances analysis and
principal component analysis [J]. Public Health Nutrition, 2023, 26(1):
160-170.

IR, FOKRMIIT & 5 T ZEMFED]. Jo: 1IHIK:, 2022.
ZHENG RL. Development and production technology of purple rice
wine [D]. Wuxi: Jiangnan University, 2022.

R, ANFIZE A B B AR GRS [D]. L 4R
gl KA, 2022.

WU YI. Effects of different cooking conditions on the quality and low GI
characteristics of black rice [D]. Wuhan: Huazhong Agricultural
University, 2022.

PRASADI VPN, JOYE 1J. Dietary fibre from whole grains and their benefits
on metabolic health [J]. Nutrients, 2020, 12(10).

WONG C, HARRIS PJ, FERGUSON LR. Potential benefits of dietary
fibre intervention in inflammatory bowel disease [J]. International Journal
of Molecular Sciences, 2016, 17(6).

FBtE . ZR S IORFIRA T Z R AR [D]. K REPHER,
2019.

WANG HG. Study on the co-cooking technology and products of coarse
cereals and rice [D]. Tianjin: Tianjin University of Science & Technology,
2019.

KIM MJ, LEE KH, KO JY, et al. Effect of cooking methods on cooked
and antioxidant characteristics of cooked mixed grain rice with added
proso millet [J]. The Korean Journal of Food and Nutrition, 2017, 30(2):
218-225.

XIWerl, fi5e5s, whil, 5. 4 FhARTUAVE T2 R H A /L™ i i
WFIE]. &AM, 2019, 44(2): 170-177.

LIU XS, FU TT, YAO J, et al. Research of compound product and the
precook process of four coarse cereals [J]. Food Science and Technology,
2019, 44(2): 170-177.

XA, TE, A, & B S IORIEE ML) e
5ihAg, 2016, 29(4): 62-67.

LIU JN, YU L, LI SF, et al. Optimization of the process of cooking coix
seed to reach same maturity when cooked with rice [J]. Cereals & Oils,

2016, 29(4): 62-67.



5512 4]

B, S WA EE DA T AR R TS

279

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

TKPY, F45, ML, 55 2 R TEA ) B B HIN TA AR [D].
B AL, 2024, 30(13): 107-110.

ZHANG YT, WANG Y, SUN HD, et al. Study on two kinds of
prematuring methods and processing conditions of coarse grains [J].
Modern Food, 2024, 30(13): 107-110.

i, TR, 2R S RBCKM T EMRED]. FEE MM, 2017, 17(8):
140-146.

NI P, SHEN Q. Studies on the technology of same-cooked rice with
beans [J]. Journal of Chinese Institute of Food Science and Technology,
2017, 17(8): 140-146.

AR, WD, AR, & B OIIPRRR ORISR BT . W BT
ARSI AP BT M [T]. WL 2RO S AE MRLERR), 2024,
50(3): 443-454.

ZHAO KC, TAN B, LI S, et al. Effects of parboiling treatment on the
edible qualities, gelatinization properties and in vitro digestive properties
of brown rice and white rice [J]. Journal of Zhejiang University
(Agriculture and Life Sciences), 2024, 50(3): 443-454.

kML, RIE RN TR AR ERT D] 1N AR B TR,
2023.

ZHANG XH. Study on the processing and storage characteristics of
instant rice [D]. Guangzhou: South China University of Technology, 2023.
LIANG JF, HAN BZ, NOUT MIR, et al. Effect of soaking and phytase
treatment on phytic acid, calcium, iron and zinc in rice fractions [J]. Food
Chemistry, 2009, 115(3): 789-794.

CHAMPAGNE ET, BETT-GARBER KL, THOMSON JL, et al. Impact of
presoaking on flavor of cooked rice [J]. Cereal Chemistry, 2008, 85(5):
706-710.

TR, BRI T2 et BB A AE (D). BB U TR
2,2024.

ZHANG ZH. The processing technology and quality changes of
Selenium-enriched parboiled rice [D]. Wuhan: Wuhan Polytechnic
University, 2024.

ARIBTE. AR BAL R 5 HGE O B R R ST [D]. FRM 2
R Talk K2, 2023.

ZHU XH. Study on the texture characteristics of rice and its palatability
evaluation and influencing factors [D]. Zhengzhou: Henan University of
Technology, 2023.

KW, R, WRMEST, S ISR R AL IR R IR £ R 5
M[I]. A E AR, 2013, 13(10): 86-91.

ZHU Z, HOU L, CHEN YH, et al. Effects of soaking and

ultrahigh-pressure pretreatment on edible quality of cooked rice [J].

Journal of Chinese Institute of Food Science and Technology, 2013, 13(10):

[25]

[26]

[27]

(28]

[29]

[31]

[32]

86-91.

WONGSA J, UTTAPAP D, LAMSAL BP, et al. Effect of puffing
conditions on physical properties and rehydration characteristic of instant
rice product [J]. International Journal of Food Science & Technology,
2016, 51(3): 672—680.

VPBES, gedh, (EEE. FEAMORIRIC S & EE LTS8k
THIL AR 52T, 2015, 40(4): 54-57.

XU XL, ZHU J, REN JJ. Optimization design of convenient mixed grain
rice formula and main process parameters [J]. Food Science and
Technology and Economy, 2015, 40(4): 54-57.

THHIID, BRB4E, IR, BAAS R EOR RS B[], £
TolbRHE, 2015, 36(17): 170-175, 81.

MA LS, CHEN SP, HE GQ. Effects of soaking and cooking conditions on
the quality of instant rice [J]. Science and Technology of Food Industry,
2015, 36(17): 170-175, 81.

B, X4, Bibest, A5 /KRB K B & TN 0] R
I EHE, 2022, 30(3): 67-74.

LV P, LIU JL, DUAN XL, et al. Method for evaluation of foxtail millet
cooking and edible quality [J]. Science and Technology of Cereals, Oils
and Foods, 2022, 30(3): 67-74.

JERA, R, SRER. REPES CRIE LIRS R )],
AR, 2012, 20(4): 1-6.

ZHOU XQ, DENG LZ, ZHANG YR. Research progress on physical
properties and taste mechanism of cooked rice [J]. Science and
Technology of Cereals, Oils and Foods, 2012, 20(4): 1-6.

UPSCHT, TR, RSCH, A5, AR LUK IR B BTS2 [T]. o
Hih2AAH, 2023, 38(6): 31-36.

SHA WX, ZHANG HF, ZHU WZ, et al. Effect of cooking rice-to-water
ratio on the rating quality of cooked rice [J]. Journal of the Chinese
Cereals and Oils Association, 2023, 38(6): 31-36.

AU, EIAAR, TMEEE, SRR A SR BB K sk A
M I]. B 2R IR, 2025, 16(5): 144-154.

LI SF, WANG YS, WANG HF, et al. Development and comprehensive
evaluation of Lonicera caerulea composite liquid beverage [J]. Journal of
Food Safety & Quality, 2025, 16(5): 144-154.

B, IR W TR DAL Y e SRR T2 ).
ARG IAAR, 2024, 15(21): 243-251.

LUO HX, SU TT. Optimization of total flavonoids extraction process from
Hippophae rhamnoides L. leaves based on response surface methodology [J].
Journal of Food Safety & Quality, 2024, 15(21): 243-251.

(rieshih: Bt i)



