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Optimization of Yangzhou fried rice pretreatment
process by response surface methodology
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(1. School of Tourism cuisine, Yangzhou University, Yangzhou 225100, JiangSu, China;

2. Jiang Su Huai Yang Cuisine Industrialization Engineering Center, Yangzhou 225100, JiangSu, China)
Abstract: In order to improve the safety of Yangzhou fried rice, Yangzhou fried rice was made by impro-
ving the texture of rice through cooking technology instead of overnight rice. The single factor experiments
were conducted on raw rice soaking time, soaking temperature and rice water mass ratio. Based on the
sensory score and texture data of Yangzhou fried rice, the response surface method was used to determine

the best process parameters and optimize the best pretreatment process of rice. The results showed that

when the raw rice was soaked 20 min, the soaking temperature was 35 °C, and the rice water mass ratio

was 11:9, the sensory quality of the prepared Yangzhou fried rice was the best.

Key words: Yangzhou fried rice; response surface analysis; texture; processing technology

mESRES. TS213.3 IEERED: A

MR AR 2 B A Wk, R —
HEGHENIMIERRA 8 100 £
PTHEBATHEEEN—MR, EZEPE
SCAB— S, — R 5 M R, A
WO A BT, A DT HORE o T B A B X A b o
bR T BRI AL BT AN, RO R A BOR 2
T . ARGERI M K R R R B R R R Y,
o AR B A 1) A 3k B R X R R B BE L K A1 B9
R, (HEMRBR A Z 2R A fRIE, 2006 578
TRF L F 2B 24 2274 i T/ AR
5 2 A W R 2E AT B ey h T ;2016 4EE B E

Wi EHA: 2021-03-17

X EHS: 1008 -9578(2022)01 —0078 -05

T 3 il Kb A ol TR R BOS S AR RIS | R 9
BRI T B R R S 5 i RIS R Y
BV hREEAR LA, RELLB/ABRIE, A
it , A% SCHIF S a8 Ao B O A A Ak B R R 3 B 4 M
IR RAR A ER , 72 RGN I BB 4 01 /) ]
i, 5T B R B A 7K
1 #HE5EE
1.1 XEH#H

BOK (BIRE9108) , 7™ H ILIR 3 M s 3R /AL
G N AT DL ISR ESN (P SOL) SR 1N
RN HEBE KT I e, & R

HE&WmE: EXRAFEAT A (31701634) ;i A HFFR I EHAF T .5 LT F4FM(PREX201913) ; X4 Fw

N HE AT EEETHA A (RPKX2020Z06)

EE®r: LI (1998—), % AL, ARFTAAERSERLLEF,
BEEE: ARAR(1964—), %, 5L, #88, FAXF 04 XEHFL THMR,



2022 4EEE S B 1L

5ok ik 79

FAEE LA I R AA RIEA T, =W R E
BHE , 5 =R E A R Al & A K a M, 45
wEREMEHARAF,

1.2 BBEREE

ZG-TP101 ¥§ % K5, My JRIEARIL W28 A R A
] ;C218-C2170 JuPH e BE 4, JLPH B A PR A |
MB-FBO8M301 Hi & 6% , 3¢ it 4 B A& BR A &) ; TMS—
PRO Jii#{¥ , 35 E FTC /A 7] ; GM321 £L4MEE AR,
KB FRHEEA RAR,

1.3 T¥AE

BRI R B IR R
1.3.1 3R E
1.3.1.1 #%

BL100 g JOK, A F R, FITE K8k 3 6,
i 5 s, e TK.
1.3.1.2 &

e Ve A9 O AR I IR R B R A — & R E
7K A 38— S I [ JE B P K
1.3.1.3 A&#

WM IR B — e KK R L (R E
MR EG, TR A R, LA 300 W Ty 3R & il
30 min,
1.3.1.4 &3

BRBAMKREBL, BT 4 CKEPLA
30 ming5 H .
1.3.1.5 ¥48

M o 4 i 1 e L P e e 2 B O p 3R R
YEVRHE ., 7 g WANILE 150 °C ,f8A 100 g R4 LA
700 W ZhR b5 90 s, ARG 20 g . FHFHE 2 g K
AT 2 g BOGHH2 g BN 2 g B0 1 g K
BR1.5 g BOGHF 1 g MF {5 g 13 2 g KETH:
1 g 5T 2.5 g 2461 g.350.5 g BHLP 90 s, HUH ]
I
1.4 &KBFHik
1.4.1 FHERE

LU PF 4 B 0 R PE N AR o, KRB
30 min RHREE 35 C KKFERE 11 : 9 KR AT
AP AR, EE A T2 AR A, SRR
Fsk 1] 35 DL IRk B AR K K i B B v 4 N 0 R 4
Vidpigakis édiv)-A e
1.4.2 v/ p && 8t

e B0 A Al 1, DB A ) L R ML IR
BE KK R H 3 ANEF D BAR R, LA KRR

HARS A RLAE, el F R TR T Z S,
B AR AR A R A T 2440, B R AP
1,

1 METHKEERSKE
A
ABNAHE/min - B E¥EREC CHARKMmEEL
-1 20 5 10:10
0 30 20 11:9
1 40 35 12:8

K

1.4.3 M A4 Hal

A B GEEAT I 5E , D32 PN A5 0 s v B
RORY, Rl BoR AR G ICH 3 om B 0.6 em, R
FABHFE S K (P/32) , S on B 2 Y 48 254 T
W, AR Z RO B 8 mm P ATEH 1 mm/s,
JRER 1 mm/s T REHE 70 % W77 0. 1 N fif
KZAE25 g2 WIEZAREIEIFG S s, B mEET
&5 W, EBRFIAEAB/MEE , B H1E .
1.4.4 BERSHE

x2 HADENRERSIRE

5% VEAr iR

i AR SWATEN, REA KT ~15 4,682 RN
o, B A FEIRIRE N 6~10 4r; AR RN, R IEHE 0~
54

HBk  CIBREEF, EFRAS, P EA S 16 ~25 4+ O ok B ki
S, T L1 ~15 435 CeRhE, R Sk &0 ~10 4

HFR BANEOET B RO 6 ~10 4 T U8R, Ak
fE0~5 4

PR RIS B, e iR RR 4 B, 3T, B2 K 4 B 36 ~ 50
415 SRR et se 4, mas SRR 16 ~35 41 1R

1.4.5 H3BEHH

1] Excel 2010 # F L5 ¥4, K A Origin %X
2z %1 PR, 5K F Design-Expert8. 0. 6 347 Wi L/ [f]
RIS, B FH SPSS 23. 0 X ¥4 k47 & 35 P 44T
REE T E
2 BRE5HW
2.1 2RFXBERE S
2.1.1 A KiF e et st dp M AR BRCE B R AR A
EELEX LR AT

3% 3 W] B A K M i (a) 34 L 3 iR
DK 58 B R R AR /0N, R U 2 L T, (H A
B , SR B | e 1k R B A
Fo BRE LKW AEA B, BBEKEA
IR I AL, S EOKRF M AR EE S B
AR R KR M A AR EIEA S



80 & 5 itk

2022 EEE3S BE 1

Girdk, BLREHE B W R 00, KRR M R WHEIA ] 30 min i, 4 A9 45  D RIEE 4
MO R A BERE ™ o (I | AT AR 0, EL BT L IR A SE R R4 ST -

|3 HOKRRR BN 5 M D BRI A R

# Ha A (A]/min TEEE/N FHiHE/m) MR s BERHE/N WA M4/ m)
10 6.27 +0.77" 0.03 xD.OUSh 0.31 £0.04" 1.23 £0.05" 2.01 £0.43" 2.51 +£0. 59"
20 5.27 10.55"’ 0.07 £0.01* 0.35+0.01" 1.69 £0.17" 1.85+0.27" 3.04 £0.16"
30 4,72 £0.37% 0.06 £0.003% 0.30 £0.03"° 1.48 £0.06" 1.37 £0.07° 2.02+£0.10"
40 3.87 £0.48% 0.08 +0. 006" 0.33 £0.02"° 1.60 £0.03" 1.28 +0.22*° 2.02 £0.32"
50 3,66 =0. 85" 0.08 £0.01" 0.31 £0.04" 1.71 £0.21* 1.17 £0.29* 2,11 £0.67"
B R B R A 1 K R, SR R
p A R AR . B 4 TN B R
PRI FE RS, b K R 52 8 10 )5 0
| N B 7 35 C B IS B BE R A, IRE ML |
i | PR AL, I R A 0 M L 2
| o A K P B A0 E R ) | R 7 1 3
) M . A O B AR A B s, ]
" ' BAfR 55 M S OB A K A T S
— o = o % DEM IR K I I, Kb A FEERRAR . P 2 TR ORI

R /min
B 1 KR B X 4 b (R E & BT RY R IR
2.1.2 ARRABENHNYBRETRRARLRHM
H P 4G ¥ vl

AR IR S E T BRI, YEMIEEAE20 C
i BE VR, B I O A S S
HRDRESTH , SRR TE 65 CR EH R, IR
AT, KA R,

Td ERBIRIREN SN BRI R R

IR T TR HE/N FibHE/m) R W [N RH A/ m)
20 5.21 +0.68%* 0.18 +0.08* 0.27 +0.05* 1.49 +0.12° 1.64 +0.13% 2.46 +0.35"
35 6.20 +0. 19" 0.05 +0.007" 0.37 +0.003" 1.51 £0.04a 2.27 +0.07* 3.42 +0.15"
50 4.72 £+0.37* 0.06 +0.003" 0.29 +0.03* 1.48 +0. 06" 1.37 £0.07™ 2.02 +0.10™
65 3.88 £0.42% 0.06 +0.01" 0.27 £0.02* 1.33 £0.02" 1.06 £0.19° 1.40 £0.23¢
80 2.99 +0.08° 0.09 £0.02° 0.18 +0.02" 0.58 +0.07" 0.54 +0.06? 0.32 +0.07¢
W18 5 ] %0 B K Bt A p /b , 4 A R nE g
s (o RIS, K B Y 2 20 HHEYUE T KRR B &K
= B, 13 TR SRR HAE 115 OB, B
B8 T
oo . 2.2 HEGRBERSEHH
b 2.2.1 RKELR
| R B R LRI 6,
sot % 2.2.2 FEogHmBEFEE
W W40 50 e W W £ Design-Experi8. 0. 6 9 %47 4b 5, 4 2] [ 15
R R LR 22000, WaR 7

B2 KRR B XA M R (R R E R I

2.1.3  RAKRF extig i 4R 8B 90 R BUR Mt
T &) % o1

A 7 Al 4.2 Y EHEERIAYS P {H <0.001, H
AR e, HoJ7 R A LR 2 B0 s 2 A 2 M
(P>0.05) , MMAFBENEE. b BUiL



2022 AEEE 35 1 i w5k A8 81
#5 MokEREEEHMN SR RAREEAORE
Fork e BEEE/N FhBHE/m] PR S e /N W g/ m]
8:12 3.56 0. 18* 0.04 +0,003% 0.23 +0.04b 0.57 £0. 10c 0.79 0. 11¢ 0.47 +0. 14¢
9:11 4.11 =0.37° 0.04 £0,003% 0.36 +0.02* 1.27 +0.07* 1.47 £0. 19 1.91 £0.34™
10:10 4.62 =0. 26" 0.02 +0. 004" 0.33 £0.02¢ 1.15 £0. 19" 1.51 +0.13% 1.74 +0,33%
11:9 6.63 0. 36" 0.05 +0.002* 0.29 £0.01% 1.63 +0.09% 1.91 +0.20% 3.14 £0,49%
12:8 7.52 +£0.34" 0.06 +0.008* 0.34 +0.02" 1.90 £0.21° 2,57 +0,23" 4.97 £0.99*
95 £7T ERBRHHFESHR
ot . me  Fhm HaE B O rFE  PHE BFHE
#R 156.05 g 17.34  10.61 0.0026 = »
81 : A 3.78 1 3,78 2.31 0.1721
£ ol ; ' B 1431 1 1431 875 0.0211 s
& C 6.13 1 6.13  3.75 0.0942
. = AR 6.25 1 6.25 3.82 0.0915
10} 1 AC 23.52 1 23.52 14.39 0.0068 =
25 ' BC 1.82 1 1.82  1.11 0.3261
e - A2 0.69 1 0.69 0.42 0.5365
ey T Ty T B 1.03 1 1.03  0.63 0.4531
o8 b i W c 98.23 1 98.23 60.08 0.0001 * o
o ¥ 1144 7 1.63
B3 ok R EETHE M RERE SRR dflm 1011 3 3.37  10.12 0.054 4
. gifR#E 1.33 4 0.33
6 Box-Behnken
® B ARRRBER wr s 16

Hg s A B c ¥Y/%
1 1 1 0 BB. 4
2 0 0 0 g7.2
3 1 0 =1 8.5
4 0 1 -1 82,7
5 -1 1 0 92.5
6 -1 0 1 82,1
7 0 0 0 BB. 4
8 -1 0 -1 84.5
9 L] 0 0 BR.2
10 0 0 0 BR.5
11 0 -1 1 83.2
12 1 -1 0 BA. 1
13 0 0 0 87.5
14 0 1 1 B5.1
15 -1 -1 0 85.2
16 0 -1 -1 R3.5
17 1 0 1 85.8

BEAC ZET J C H)FE e ¥ (P <
0.01);AB.BC A HHA R E., FHEXHMIER
RE VP4 AR K /NHE RO B > € > A BT
# ] Design-Expert 8. 0. 6, #4757 F g4k, AR
EWRZEI, XN R LRk, REBBEH
R

H:« HRBFH(P<0.05);  +« BB BF(P<0.01),

Y=87.96 -0.694 +1.34B +0.87C — 1. 25AB +
2.43AC +0.67BC -0. 414> +0.4B*> -4. 83,
2.2.3 RiEAEIZAH

XF [EE A BT R LR R, B Bl R AR R o
KEHLATE] 20 min, B I BE 35 C KK E
11:9 BUEPES T N 91. 3, SEFRE 4 K 92.5, 5
HAMEM1.3 % , AR E, REIE SN 1
BOK R AT AL BROC AL A BEIS T .
3 i

i Ak B PR 3 o B ) N TR, W SE T N A
TR KOK I B AR AT AL BRI 2 - SRS ] 20 min (230
JRBE 35 C KK H 11: 9, CREHIE ki
MG RIBRE i B BT, L R A, EATR &
PR Pt ] 35 3 & 0 8 A L VLN R, A LU
)5 A 0 iV B e R AL BB B .

(&% 300)

[1] FAweste, MEe, k%, % GHESET EHEL

BT BMKEEESM, 2002, (2): 24 -27.
[2] 5k, W/hE, ROE. TEMEMA T HMNIEBAH

HEESHLBER—ETHEMHTRER]]. X7

WF3E, 2020, 37(1): 28 -33.

(T4 86 M)



86

#i e b i A&

2022 EEE3S B 1

BRI T 237 3 YWCORA7 305, 45 5 42 BUR
¥IEHR0.125 % .
3 &g

1] FH B PR 2 A 10 AR R T R BFR T A
T s i ] | 2 MR R 23 B A B WOkt e X
e 8 B 2 R e B B A T M AR A 1 R
Z5 R A HEXN RA R T B AL T Y TR R
SN Ry B RTS8 > BB > AT
> P SR BUR ], R B DT AL 1R R
I B T2 i A Tl 2R 183 W 7 42 BB (]
21 min JORLEE 1101 (ml/g) \Z AR 63 %,
e 24 48 DPPH [ fh 215 BR RN 82.05 %,
HEREE R 0.125 %,

(8% k)

[ 1] BK# - LN, 2F/RM, 818, 2. wny kR
PRI A DUKHER TZWIE()]. S K
34, 2019, 42(1): 47 -50, 54.

[2] BRARF, ke, 22 BRRMETELMN L
SRS ST R EMRAER)]. FEPEHZRS, 2009,

CHOOSODSODHIOSOTH

(L35 81 mT)

[3] #EE. wHMPEAORESEIETZ]. BTRk
BiREBEFM, 2017, 22(4): 28 -30.

sHRIE, ThEZE, HERA. AR FORE TR bR
[ J]. WPTERIFIRZeE, 2007, (6): 737 -738.
WH. —RaSEFRFESEN RS BREYE
WL . SR S, 2017, 11(2): 139, 115.

HU Z, YANG H, CHAIMA M, et al. A visualization and
quantification method to evaluate the water-absorbing char-
acteristics of rice [J]. Food Chemistry, 2020, 331(30):
1-8.

ZHU L, WU G, CHENG L, et al. Effect of soaking and
cooking on structure formation of cooked rice through ther-

COSOCSOI0STOSDCSODSO0SO0SCOSOISOOS0DSODSITHOCS0O0SD

[4]

[5]

[6]

[7]

mal properties, dynamic viscoelasticity, and enzyme activ-

C#O0 #0080

34(22): 2887 - 2890.

[ 3] #ERE - RHK, BE, FHER - BN, ¥ W
RO T i AL e SR TR R 5 B (1 R B T 2 Bk ob i
Jiisie 15 MR SEL D] . PEALZG Ak, 2019, 34(5): 590 -
596.

[4] Saoeffy. MRBF TR 8RB R0k ey

HBFFEID]. SEAFE: HEERKE, 2012,

YR, X%, AL BRET D ERFMERT

ZBE[. RAMET, 2017, 46(1): 136 - 140.

X, W4, R, . MUGRBUERBURFE T

MMM T B[] HREFETE, 2014, 44

(11): 624 -627.

RATZ-LYKO A, ARCT J, PYTKOWSKA K, et al. Effect

of enzymatic hydrolysis on the antioxidant properties of al-

coholic extracts of oilseed cakes [J]. Food Technology &

Biotechnology, 2013, 51(4): 539 - 546.

FAL, 20, @57, . REH R S B R IR A AR

BHMITZMA). & TikeE, 2018, 39(22):

138 - 143.

WAy, . maRLE Ak 2 BRI SR b B Y

TEBE]. RamPtsESIr R, 2016, 37(14): 46 -

51.

[5]

[6]

[7]

[8]

[9]

CHCCSO0SO0SI0SCISOOS0ODSO0SOTROCSOCSO0SI0SI0SOOSOCSODSO0SITHOIHD

ity [I]. Food Chemistry, 2019, 289: 616 —624.

MIAH M A K, HAQUE A, DOUGLASS M P, et al. Par-
boiling of rice. Part [: Effect of hot soaking time on
quality of milled rice [J]. International Journal of Food
Science and Technology, 2002, 37: 527 -537.

TOMITA H, FUKUOKA M, TAKEMORI T, et al. Devel-
opment of the visualization and quantification method of the

[8]

[9]

rice soaking process by using the digital microscope []].
Journal of Food Engineering, 2019, 243: 33 -38.

YU L, TURNER M 8, FITZGERALD M, et al. Review of
the effects of different processing technologies on cooked

[10]

and convenience rice quality [ J]. Trends in Food Science
& Technology, 2017, 59: 124 —138.



