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Table 1 Sensory evaluation standard of instant porridge
Fikod 58 F) AR R
T & iF 10 WEMEH —(8~10 2 ); RERH — & HFE(5~7 %) ;W Z5+E(0~4 %)
A ALK 20 ABAEEFAIL,RELLE(14-20 ) BEAEEY F AL, A @KL (8~13
D) BELEZHIK, EREHR0~T o)
s Ak 10 FLA R R RARG Aok (8~10 9 ) s Aok 3K (5~7 ) ; R F A KA Y 2 F 7k (0~4
2)
2wt 10 WA A A, R (8~10 %)V TH P (5~T 4 ) ;8 5 43 (0~4 o)
- 2 15 WAL g IS K, ALK A2 (10~15 20) s A KB R e K (5~9 4 ) K eF Kk,
Wk (0~4 4°)
EcA g3 20 FEAE @ R IR, R A T (14~20 20 ) 2648, & Rk A 5 T (8~13 47);
FEAR P E o RS RS T R E (0~T &)
LR cd 15 WIR (8~15 ) ; IR AR E W £ (5~7 ) ; IR E £ (0~4 )

134 Jr s PR R PE R I 2 AR AE Zhou 25
(753% , R B 7 (06 A 5 . R P/

36R %3k, SR E LA E 50%, 3 E 20 mm/s,
71 5.0¢,
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Fig.1 Effects of screw speed and water addition amount on physicochemical properties of instant porridge
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Fig.2 Effects of screw speed and water addition amount on sensory quality of instant porridge
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Table 2 Effects of screw speed and water addition amount on sensory quality of instant porridge

F ALK ECa= g4 R M

¥ AT # i /v min™ 190 14.0 £ 1.0° 13.0 £2.0° 10.0 £ 1.7
205 14.0 +1.73° 14.0 + 0.0 11.0+2.7°

220 15.0 £2.0° 150+ 1.7° 12.0 £2.0°

235 15.0 + 1.0° 15.0 + 1.0° 13.0 +2.0°

250 16.0 £2.0° 16.0 2.0 13.0 £3.0°

A K F % 15 17.3 + 1.2¢ 163 £1.2¢ 14.0 +2.7°
18 16.0 £ 1.0° 15.0 2.7 13.0 £0.0°

21 15.0 £ 1.7 14.0 £ 1.0* 12.0 +2.0°

24 13.0 £2.0" 13.0 £ 2.0¢ 120+ 1.7°

27 12.0 +2.7° 11.0£1.7° 11.0+2.7°

ARG BRI 22 57 135 (P<0.05)
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7 6 35 AL P DL 3 3 MERT I i Xt 8 58
R RE RS PR | EL R R RN [l A2 2 e B 3 (P<
0.05), J7 foky B s B e Zh Pk | RHLNEG 2 it 5 MR AT 7%
SRS AR, XA R B I E R, 4 T
) 15 FH T 328 I 3508 0400 I 2 e 0 e i, v MR
2 [ 2 72 A e v A58 10 i 280 T 91, IR
AR 2% 35 KRR S BY B K A B RLSAR 2O T
A6 35 %) PR S 225 4 AT Ohb fof 6 38 ) S 8
WL WG 5 00 [ A2 M T e

i35 (P<0.05) , % 8] &2 1 5 i A 1 3 (P>0.05) , J7
i ks P 5 32 R G | LR I A K i 1 1 o g 48
o AL PR I | B B0 0 S B BT Y R
FB 43 7K A3 G AR KT R AR B
PR B R BEIN, WSS T RN R DT, WES TR
JE R AL BE BEAR, Wkt 35 K o 38 o 2 5 3o R
TR 1 KO g T S ks A i S S R L R
FBEREVE B M i o 95 A A A B, 7K 3
2o oA TH S A B B EL WG R AN A L in K e
(] B2 P S R AN G, i B T 7K AN 5 ) {8 5 1 [

K 5k A R 2 BT IO RS I A
R 3 BATE RS 0k X 7 R A R R

Table 3 Effects of screw speed and water addition amount on texture characteristics of instant porridge

JE e ik 4 =
¥ AT #  /r- min™! 190 735.900 + 142.598* 468.600 + 79.543" 419.900 + 74.913* 0.290 + 0.015"
205 618.100 + 100.339* 412.000 + 67.162* 362.900 + 75.039* 0.310 = 0.014°
220 579.100 + 103.191" 379.700 + 72.791* 345.500 + 73.656" 0.300 = 0.020*
235 527.700 + 3.008™ 352.900 + 14.899" 324.000 £ 35.077* 0.320 + 0.025°
250 426.100 + 33.655¢ 272.600 + 25.286¢ 239.900 + 22.195¢ 0.280 + 0.014"
A K F % 15 413.500 + 31.534¢ 258.400 + 24.277¢ 222.800 + 32.777¢ 0.290 + 0.022°
18 487.100 £ 46.249 314.900 + 37.658 285.400 + 32.723 0.300 £ 0.018°
21 579.100 + 103.191* 379.700 £ 72.791" 345.500 £ 73.656™ 0.300 + 0.020°
24 705.100 £ 116.429" 438.300 + 63.164" 379.200 + 46.381" 0.290 + 0.021°
27 859.700 + 117.512° 546.200 + 73.521¢ 484.700 + 63.114* 0.310 +£0.011°

AR FE/NG PR AL 25 5 8 25 (P<0.05)
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7 {6 585 9 €00 1 0 9 9 R R 3 R
F2 B 32 JFURE A By ik RN A T2 SR AR RS
LEZR R A BUE MO R A e o R
IRELERAE, BB 2L ;b (EAUR B A,

BUEBOR SRR ™, NFR 4 W75 Y Bl IR AT
Bl AL (0 K8 T, 756 985 1 5 B2 AR AR L T B AR
AT B IR BRI, S e e R B
(EZ#TE /) . X AT RESE 5 JRURE A B BE TR O
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Table 4 Effects of screw speed and water addition amount on color difference of instant porridge

L a b

¥ A #3 /r- min™! 190 51.500 + 0.133¢ 3.400 + 0.026" 8.500 + 0.025¢
205 50.900 = 0.026° 3.300 + 0.021° 8.300 + 0.026°

220 52.000 + 0.045¢ 3.500 + 0.035° 8.600 + 0.021"

235 53.300 + 0.071" 3.400 + 0.012° 8.600 + 0.035°

250 53.400 = 0.020° 3.400 + 0.015 9.000 + 0.031*

K E (% 15 53.300 + 0.265" 3.800 + 0.066° 9.700 = 0.117°
18 56.500 = 0.059° 3.600 + 0.015" 9.100 + 0.044"

21 52.200 = 0.081¢ 3.600 + 0.030" 8.800 + 0.052°

24 50.100 = 0.075¢ 3.800 £ 0.017° 8.500 + 0.010¢

27 50.000 + 0.106* 3.500 + 0.023¢ 8.400 + 0.040°

AR NG R R AL 25 5 18 35 (P<0.05) .
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Fig.3 Effects of screw speed and water addition amount on micro—structure of instant porridge
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Table 5 Correlation between screw speed and quality of instant porridge

WA L Mg cHURE WA RWLILK Eok &R MR WSI WAI
FAF it 1 —-0.981#% -0.982%* —0.963** —0.998** 0.945% 0.971** 0.970*%* -0.023 0.968**  0.956*
g 1 0.989%* 0.984**  0.977** —-0.925% -0.990** -0.943* -0.109 -0.992** -0.920*
i 1 0.997*%* 0.969%* -0.949* -0.972%* -0914* 0.031 -0.993** -0.954*
ik s 1 0.947%  -0.938* -0.965** -0.883*  0.016 —-0.994** -0.939*
oA 1 -0.931*% -0.969** -0.984** -0.014 -0.958* -0.941%*
FAALILK 1 0.943* 0.871 -0.132  0911* 0.991**
& ok 1 0.942%* 0.157  0.969**  0.924*
FE 1 0.116 0.907*  0.880%
A B 1 0.050 -0.222
WSI 1 0.913*
WAI 1

TE % AE 0.05 25 (BUR ) MIDEHE i 38 5%+, 8 0.01 25 (BUR ) MG HE B b 35

PRI IEAROCOC A, 5 VR A B TR O 5C &2 s WS
L5 R RE S 2 A OGOC AR S IR | MEL R EE A
[ SV 0 3 ARG R, 9 R BUIR S 1 =
IERSEIE R, i H PR RIS P 3 IR AR S SE
F WAL 5 BUR R R R 25 R G E R R

PR ANGE O B EA R, 5
BEIEMEER, ML AW, E ka2 e Rk
F RV, TR) B AR B, X B M B 5 i AN

o

x6 MAESHEWARMEXE

Table 6 Correlation between water addition amount and quality of instant porridge

PLEINS 3 B Mgkt cHERE wmAK ALK Eekd REBEHR MR WSI WAI
LRSS 2 1 0.989%* 0.992** 0.987**  0.956* -0.991** -0.986** -0.971** 0.563 -0.976** —0.977**
AJE 1 0.997** 0.988**  0.937% -0.990** -0.996%* -0.943*  0.443 -0.960%* —0.970**
fise Ak 1 0.997%*  0.948* -0.983** -0.999%* -0.964** 0462 -0.953* -0.972%*
R JE 1 0.956* -0.969%* -0.997** -0.977** 0.461 -0.937* -0.971**
o 2 1 -0.936% -0.948* -0.949* 0511  -0.943* -0.991**
F LI K 1 0.978** 0.931* -0.532  0.988** 0.971**
=g 1 0.958*  -0.424  0.944%  0.972*%*
L3 1 -0.593  0.910%  0.942*
AL 1 -0.603  -0.489
WsI 1 0.972%*
WAI 1

T AE 0.05 G5 (WU ) ASEHE L2 . A8 0.01 G5 (WUR ) A SEERR % .

3 HFig

AT R k5 1) R AR JBT B o T, R kG Y T
o P 25 05 T 43 B B TR T 25 R R Sk R A K
X5 kS BTS2 e, S5 R IR, BT A B 1Y 3
T, E R WSI AT WAL Z i T . B 5 1
T, XoF e R 0 BRI ek o DA
FREVER | o R o 2 AR O i s P s 3 2

PE IEE RN [ B, K R AN, SRR
sk I WST Al WAL, Bl & K St i 385 i, % J7 i kg
IR 7 A B T RE R, A BTA REVE R i K i 23
S ) | BER TN N L T =R YN P S 5
ST RIE R R R T 2 T
Y2 ORI OE , WST AL WAL 5 80CE i 5L i 3 sl i
1 2E E A O, I B A PR S WST WAL #BRE A 4F
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i JS WRJECE T SR DAL 2 SR MR B G 1
Xof 7 5 o SRR BRI B RS AR T ok
SR B OGS D (o SR R BT, B A R
ANEAEA A 23 250 v/min, 7K 15%0)
MR AT . AN R S S BY R T 2 E
AT 7 (08 TR LS AR, o AR SRR
FE R RS

[5]

2 % x #

XML, EARH, EAe FE D76 a0 IR Kk
JERAST). P EE S IE, 2007(2): 131-135.
LIU S L, WANG C Y, WANG H. The present sit-
uation and development
food in our country[J]. China Food Additives, 2007
(2): 131-135.

T dhi e, W TR O Y R 2 TR OK B R M A
EHESE[D]. @M. fRAR K2, 2016.

XIU R Y. Study on the anthocyanion—enriched ger-

tendency of convenience

minated instant black porridge and anti—oxidation in
vitro[D]. Fuzhou: Fujian Agriculture and Forestry U-
niversity, 2016.

BN, FREBL, BT, SF. REEHE AR R LA
J7 S R BT B S R [)]. B S Al Lk, 2020, 46
(24): 182-189.

HUANG X Y, XIN S'Y, CAO Z, et al. Effect of
freezing rate on the quality of frozen grain congeelJ].
Food and Fermentation Industries, 2020, 46 (24):
182-189.

FU, AR, sk R, S BT R REOEXT R
Uit W7 A Ak TR % 2 DT 0K L B IR D]. B R
2021, 42(15). 81-88.

BAI J, JIANG H B, ZHANG X F, et al. Quality
evaluation of instant potato congee treated by air
puffing based on variation coefficients|J]. Food Sci-
ence, 2021, 42(15). 81-88.

SRGE. J7 2R M I O et S AR [D]. &
PE. PiRERS:, 2018.

WU L J. Formulation design and technique opti-
mization of convenient grain porridge[D]. Chongqing:
Southwest University, 2018.

BRENNAN C, BRENNAN M, DERBYSHIRE E, et
al. Effects of extrusion on the poly phenols, vita-
minsand antioxidant activity of foods[J]. Trends in
Food Science and Technology, 2011, 22(10): 570-

(7]

(9]

[10]

[11]

[12]

[13]

575.

IR, BB, WSS, . WRbE K E LR IR E
XS AT 57 5N i i 48 28 5OR (S ). & R
2%, 2010, 31(20): 170-172.

LI F Z, JIN T, ZHANG X, et al. Effects of water
and temperature on browning of ginseng

Food

content
products prepared by twin-screw extrusion|]J].
Science, 2010, 31(20): 170-172.

XU E B, PAN X W, WU Z Z, et al. Response
surface methodology for evaluation and optimization
of process parameter and antioxidant capacity of rice
flour modified by enzymatic extrusion[J]. Food Chem-
istry, 2016, 212: 146-154.

sKEL, WS, X, A NERFHF R T
W] B, 2021, 46(12): 148-154.
ZHANG H, WEN J P, LIU S,
technology of wheat germ [J].
Technology, 2021, 46(12). 148-154.

B, WA, RET. NEWRIZ B EER
FE AL AL BLAS PR AR TR Tl R A=A 4R (B AR
M), 2021, 42(1). 15-21.

J € C, WEN J P, ZHU H X. Optimization of ex-

trusion and

et al. Extrusion

Food Science and

stabilization treatment conditions for

wheat aleurone layer[J]. Journal of Henan University
of Technology (Natural Science Edition), 2021, 42
(1): 15-21.

PR, 02, F25, . SRR AE 7 2 %) K
o 2 IR S B R R AT O R R B S R T
Ak, 2021(6): 27-30.
CHEN L, HE D,

progress on the

WANG H, et al
of different

Research
effects stabilization
methods on the main nutrients in rice bran[J]. Cere-
al and Freed Industry, 2021(6): 27-30.

JUBETE A L, WIJNGAARD H, ARENDT E K, et
al. Polyphenol composition and in wvitro antioxidant
activity of amaranth, quinoa buckwheat and wheat
as affected by sprouting and baking[J]. Food Chem-
istry, 2009, 119(2). 770-778.

BRI, ThENcE, FRRMG, . BYIRX 2y Ak uE
93 22 0 AR 1 BT RN A W T R B S R T, v R
JmFy, 2022, 33(1): 164-172.

XUE L J, MA L P, JIAO K P, et al. Effect of
extrusion on physicochemical properties and biologi-
cal activity of non-starch polysaccharides from Chi-
nese yam[J]. China Food Additives, 2022, 33(1):
164-172.



304 hoE =i 2023 445 8 ]

[14] RAMOS -ENRIQUEZ J R, RAMIREZ -WONG B, Hunan Agricultural University, 2022.
ROBLES-SANCHEZ R M, et al. Effect of extrusion [22] Ej=, T, RTHE, % B EEE H Ml
conditions and the optimization of phenolic com- BE 7 AL 25 A B ()] B Tk B, 2022, 43
pound content and antioxidant activity of wheat bran (5): 245-254.
using response surface methodology [J]. Plant Foods WANG C, WANG Y, WU W G, et al. Formula
for Human Nutrition, 2018, 73(3): 228-234. oplimization and quality analysis of double screw

[15] ZRJU, 45, HEFFaE, . B /AN gk e pi s ik extrusion compound instant porridge[J]. Science and
TV AT R R A R ()] B R, 2021, Technology of Food Industry, 2022, 43(5). 245-
46(2): 135-141, 150. 254.

WU F, JIN Z, HONG X J, et al. Effect of extru- [23] KANTRONG H, CHARUNUCH C, LIMSANGOUAN
sion process on antioxidant capacity and soluble N. Influence of process parameters on physical
phenolic acid content of wheat bran[J]. Food Science properties and specific mechanical energy of healthy
and Technology, 2021, 46(2): 135-141, 150. mushroom—rice snacks and optimization of extrusion

[16] TIWARI U, CUMMINS E, SULLIVAN P, et al. process parameters using response surface methodol-
Probabilistic methodology for assessingchanges in the ogy[J]. Journal of Food Science and Technology,
level and molecular weight of barley B—glucan dur- 2018, 55(9): 3462-3472.
ing bread baking [J]. Food Chemistry, 2011, 124 [24] R5E. W HEE A HAR L 77 28 4 AR TR R AT
(4): 1567-1576. FE[D]. PEIRIE . MERIER KA, 2011.

[17] ¥FRMS, ZH/A, MR, % i 58 A K WU H. Application of extrusion technology to pro-
fit Tk ot A fb e 52 )] & R, 2021, duce nutritious food of older[D]. Harbin: Harbin U-
46(8). 155-161. niversity of Commerce, 2011.

XU Q P, JIANG X J, ZHOU R R, et al. Opti- [25] ZHOU Y, CAO H, HOU M, et al. Effect of kon-
mization of enzymatic hydrolysis and antioxidant ac- jac glucomannan on physical and sensory properties
tivity of pea protein peptide by extrusion[J]. Food of mnoodles made from low —protein wheat flour [J].
Science and Technology, 2021, 46(8). 155-161. Food Research International, 2013, 51(2): 879-885.

[18] XIAN Q H, LIN L, ZHEN L G, et al. Volatile [26] PHILIPP C, OEY I, SILCOCK P, et al. Impact of
compounds, affecting factors and evaluation methods protein content on physical and microstructuralprop-
for rice aroma: A review[J]. Trends in Food Science erties of extruded rice starch—pea protein snacks[J].
& Technology, 2020, 97. 136-146. Journal of Food Engineering, 2017, 212: 165-173.

[19] HEINIO R L, NOORT M W J, KATINA K, et al. [27] DALBHAGAT C G, MAHATO D K, MISHRA H
Sensory characteristics of wholegrain and bran —rich N. Effect of extrusion processing on physicochemi-
cereal foods — A review[]]. Trends in Food Science cal, functional and nutritional characteristics of rice
& Technology, 2016, 47. 25-38. and rice —based products: A review [J]. Trends in

[20] WAEX, PREkE, TEENRE, . B AL R X Ek R Food Science and Technology, 2019, 85. 226-240.
[l 3L ol 2 1 4 22 T XU B4 0 S e (], R [28] GUHA M, ALIS Z, BHATTACHARYA S. Twin-
K2 E R (H SRR ), 2021, 42(6): 71-79, screw extrusion of rice flour without a die: Effect of
133. barrel temperature and screw speed on extrusion and
CAO J X, XU N, WANG L P, et al. Effect of extrudate characteristics [J]. Journal of Food Engi-
extrusion temperatures on flavor components of whole neering, 1997, 32(3). 251-267.
wheat noodles prepared by bran backfilling method [29] SEKER M. Residence time distributions of starch
[J]. Journal of Henan University of Technology (Nat- with high moisture content in a single—screw extrud-
ural Science Edition), 2021, 42(6). 71-79, 133. er[J]. Journal of Food Engineering, 2005, 67 (3):

[21] Fj=. BRI G 5 ok B ) K it 5 458 M A 52 (D). 317-324.

R s Al R, 2022,
WANG C. Development and quality characteristics of

extruded compound instant porridge [D]. Changsha:

[30] HhakHr, kAL, BUARIK, . HYER LA ROKA

HEOK PR AL 5 8 FR PR PE B R [T, B AT ST R,
2017, 38(12): 9-12.



%03 % 458 SRAF H ik 55 e K 37 R 9 R0 %R 305

MA Y X, ZHANG M W, WEI Z C, et al. Effects physio—chemical quality in rice noodle production|[]].
of extrusion on physiochemical and nutritional prop- Academic Periodical of Farm Products Processing,
erty of rice and brown rice[J]. Food Research and 2013(1). 82-86.

Development, 2017, 38(12): 9-12. [36] PANSAWAT N, JANGCHUD K, JANGCHUD A, et

[31] Wik, #hibEE, HEarT, S5, SURAFFHF X £ K& al. Effects of extrusion conditions on secondary ex-
21K B AL BRI R BRE M S I []]. R A trusion variables and physical properties of fish,
2019, 40(17). 183-189. rice—based snacks[J]. LWT-Food Science and Tech-
XIE T, SUN H R, KANG L N, et al. Effects of nology, 2008, 41(4): 632-641.
twin—screw extrusion on physicochenmical properties [37] #AeM, B, sKANTE, AFE. BYRAR AT S T
and quality characteristics of corn flour[J]. Food Sci- 556 AR B9S2 )] B AR, 2021, 46(1):
ence, 2019, 40(17). 183-189. 178-184.

[32] HAGENIMANA A, DING X, FANG T. Evaluation JIANG H B, BAI J, ZHANG X F, et al. Effects
of rice flour modified by extrusioncooking[J]. Journal of extrusion variables on the quality properties of
of Cereal Science, 2006, 43(1). 38-46. potato instant porridge[J]. Food Science and Tech-

[33] LIU C M, ZHANG Y J, LIU W, et al. Prepara- nology, 2021, 46(1): 178-184.
tion, physicochemical and texture properties of tex- [38] skWlnk, B8R, ESCHE, . /A BTRLT AR RO T
turized rice produce by improved extrusion cooking i V0 THT 2% 5 B A s2 e ], P B S AR AR, 2022, 22
technology[J]. Journal of Cereal Science, 2011, 54 (2): 233-240.

(3): 473-480. ZHANG M H, JIA X, YAN W J, et al. Effects of

[34] ZHANG M, BAI X, ZHANG Z. Extrusion process wheat bran arabinoxylan on the properties of fresh
improves the functionality ofsoluble dietary fiber in wet noodles[J]. Journal of Chinese Institute of Food
oat bran[J]. Journal of Cereal Science, 2011, 54. Science and Technology, 2022, 22(2). 233-240.
98-103. [39] SANDRIN R, CAON T, ZIBETTI A W, et al. Ef-

[35] sk, A, TR En, . RV BT R I TR fect of extrusion temperature and screw speed on
3 B B A 2 O 7 i A BTS2 IR [T]. AR A properties of oat and rice flour extrudates[]J]. Journal
T.(247)), 2013(1): 82-86. of the Science of Food and Agriculture, 2018, 98
ZHANG K Y, KANG Z M, WAN J R, et al. Ef- (9): 3427-3436.

fect of twin—screw extrusion operation parameters on
Influence of Screw Speed and Water Addition Amount on the Quality of Instant Porridge

Wang Chen, Wu Weiguo, Zhao Junjie, Song Xuenai, Liao Luyan, Wang Yan"
(School of Food Science and Technology, Hunan Agricultural University, Changsha 410128)

Abstract Extruded instant porridge is produced by controlling the amount of water added and the speed of screw sepa-
rately. By measuring the physical and chemical properties, sensory quality and texture characteristics of instant porridge,
the influence of different control conditions on the quality of instant porridge were analyzed. The results showed that with
the increase of screw speed, the water solubility index (WSI), water absorption index (WAI) and sensory quality in-
creased, while the hardness, viscosity, chewiness and resilience of instant porridge decreased. With the increase of water
addition, WAI, WSI and sensory quality decreased, which resulted of hardness, stickiness, chewiness and resilience in-
creased. Screw speed was positively correlated with WSI, WAI and sensory quality, and negatively correlated with texture
characteristics. Water addition amount was negatively correlated with WSI, WAI and sensory quality, and positively cor-
related with texture characteristics. High screw speed and low water addition amount were beneficial to improve the qual-
ity of instant porridge. The screw speed of 250 r/min and water addition amount of 15% had the best effect on the qual-
ity of extruded instant porridge.

Keywords extrusion process; instant porridge; physicochemical properties; sensory qualities; textural properties



