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1 #REAE
1.1 #F#l
FORRE Sk (iR BEE REE A
& BT ORI ) BEALEE (1x10° U/mL), 1
T A AR A PR F] I a-TE R (300 U/
mg) . B & 1} (2 940 U/mg) |, B 2 11 i (300 U/
mg) ,Sigma A A H 43 A il 51 4 0 o 4l %,
12 UB5E#E
FWHE36-24 BUZFTHF ML, & SFHA |l TA.
XT. plus Fit44¥ , % [# Stable Micro System 2\ ] ;
Spectrum100 {8 B iy 21 48 6 1% 4, 52 [F Perkin-—
Elmer 24 7] ;SU8010 H# =U F B is%, H LA
A 51013 7 e PAPE IR B XUT R A, 0 B R S0 50
IERAT RS F] ;CR20B2 e R B 0L, H L
A);K1100 4= A shdl Ko BAL , M RefU A A IR T 4T
5] DK-98—IT HL #VIE IR /K 7 4, R T 2 ke
AR AR
1.3 RAHE
1.3.1 ZFREG T ERHE Kok FEE e
FOHG MoKk wead 80 H O, 4% L 7 (FEOK
50% , K G M 14% , B3 20% , #E3 5% , B 5L
5%, HBK 6% ) BLUF 22 Gk H
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1.3.2 N AR AL % R T2 DAY R IR
(A) IRFTHG I (B) K& (C) o 2, LB AL
TR M AR BE K M 45 2 (Water solubility in-
dex, WSI), M/K#E%L (Water absorption index,
WAL, JBCE VE 4y, BAs 5 v (RE 6 B2 IEL I 2 |
EE‘@)%%U%”@@{E ITNENENIREINTNENTY
Bt =R =K R, Rt R K
FERUE T,

1 BEERKERZKER

Table 1 Level of corresponding test factors
B F
KF Tr iR WATSEE mAKE(C)/
(A)/C (B)/r-min™ %
-1 150 220 15
0 160 235 18
170 250 21

1.3.3  Jy i B TS b (4 0 52
1.3.3.1 i WSI 5 WAL il 5E 2 #Kantrong
SR TR RAE IR RS B RIS R 2.0 g K
PR 0 S RE S (mo), WA 3k ¥ T MR 1 B 0 A
(my) ™, KRG B 20 5 18 0, my SR 28 % LA 4 o
T, ms SO L R 2 R L T e Y
B my A EIEWE OB R, TR
W (DHFN2),

WSI(%)="5""2_%100 (1)

my

WAI(%)="4"1 100 (2)
my

1.3.3.2 B ERNE  S% % 2MY Ty
P FEVE VR ) RS BAREL 1.0 g Ry fsad 0 5 FE 5 L 43
B 2 AHETE R (W, W), 53 BHETE IR W, A
TIFE S80S R T 3 AN HETE I 4 B A 50
mL ZE 1K B R IR G 2R EA W W, HIEAE
B E AR R AL 20 min, ANELLHETIEAR
WrdE 5 SRS R H B3 78 3 MR 4 im
AR BB HELREE 5 mL, 720 1R 51,50 CHE R K 1
h, KB BCHE A 2 mL SRR (1 mol/L) 281k )z 1, 4%
BV 252 100 mL, i3 385 H . B BB A 10
mL 43 A 3 A AR e R JF BmA 10 mL
WL (0.05 mol/L) & 18 mL & 42 AL 4 (0.1 mol/L) %
W, T2 TERE AL BCE 15 min, SR )5 N A 2 mL
WRIR , B 2 TR AR B R M T o2 2 Tt i s LI 46
WA R ERA3),

BIFLIE (%)= =1 2100 (3)

0 1

Ko Ve——25 F I A B QR AR A 1 AR R
mL; V i——HL bR Ak S5 A i T AR A R 4 )
T mb; Vo—— N 28 B PR A A R O T AR B A A R
AR, mL,

1.3.4  JrfEsEE SR E B 5 N
AN AT ICE PE A, MR UE 5 5 (58 oA v ol T HL 3R
AT P €35 FLIR /N B % B2 5 i ife F WL € ks 1) 52 7K
TG, A IH R 5~8 s, Bt & A 26 40 380
2 18 B AZ o 1 AUBR D 1R X R R AT T 4,
BCE VR R AR KO ETE B UL 2,

K2 FAERBREBEIERE

Table 2 Sensory evaluation standard of instant porridge

AT /5 H R AR GRS )
AT & iF 10 WA R EH (8~10 27 ); RERH — b A 7+ & (5~7 &) ; AR E(0~4 &)
Ak A 20 A@ALEEFT DL, RHELE(14~20 9 ) ;W EAEY SR, A BEKE(8~13 4 );
WK B R KRR A (0T &)
WE Atk 10 BA R KR Fok (8~10 5); FRK K (5~T %) 5 R AR IA W R F ok (0~4 )
2wk 10 WAL G, R (8~10 4); VB4 (5~T 4) ;8 % 43 (0~4 %)
FoKkk 15 WAL iE B K, BRI 42 (10~15 20 ) K ek K (5~9 20 ); Ak af il K |3
¥ (0~4 5)
i v 20 FEAE R, @ RN, R AT (14~20 %) #540, & Bosk A ke | 25 T (8~13 ) ; 464
P, w AR kR T E(0~T )
FA 15 HRIE(8~15 &) SR AR AW £ (5~7 40) IR £ (0~4 )
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1.3.5 HEMEMAEN N E 2% Zhou %1
(8 7, X o8 0 T g A 1 T T R A AR R
K H PI36R #33k . S8 E B S & 50% , 3 E 20
mm/s , & 17 71 5.0 g
1.3.6  JEWEAFIEARNINE  EARIMNE
3 0 DN 7 >R FH 1 — 9 2 1 Rl 25 T A e R
FH 2R 11 0T d () FITIC € 2 15T A (o) i 0 >R
GB 5009.5-2010 LG Ak o T8Ik I
(4).
W%mm$%ﬁ“%ﬂm%%§§59ﬁi>
100 (4)
1.3.7 R ER AN E S Englyst
SRR Ty R R VR B AR TR o K I UE B A
WE T T R A ) BBV VR, PRI 2 g 2R B8, i
A 250 mL BEARH, inA 50 mL 7€ K (15 mL £
FR AN ZE h I (pH 5.2) .5 mL iR & WA W, B T 37
COK IR 5 (100 r/min) H 3 h 5 78 6 K 45 o
3 min [FEFARTE, BG4 000 r/min &0 15
min, W EWEW, H DNS 603 0 & 46 20 4 60 &
o HRITEA(S),

X

o 3 11 % (0 ) < 09 B B T ()
BB AL () = ok By B ()
100 (5)

1.3.8 i EILIAMNUE S8 Ying 5
T5 ik FEAE TR AL, 1E P L 400~4 000 em™ TE B Y
FE 4 em™ N 50 W ICTREAL N BT
IS A SRR R T A —flAb B
1.3.9  JrfHis X-fr Gt gr&eiiie  JRoRHE BB K
AR, B 40 kV B 30 mA, HH# 58 & 5°~40°, 4
B 0.02°, I EE 3 WK, 45 5 R A4 4
U (15°,17°,23°) B 43 1 AR s i3 T ik
W= (6):

HIXEA I (% )=gmx100 (6)

T

ﬁ[’] ,S,\fmje—A ﬂélj:l:%m% Hﬁj\ﬁ /l:l ,J/g;S]

Fe7n 4 i DCAAESS i XA B AR L D g o
1.4 HELESSH

K] SPSS 25.0 B AFHEAT R AL BE 5 >R ] De-
sign—Expert. V8.6 #: #47 Wel 7 11 73 #7 ; & ] Ori-
gin 2019 AT T 20, UL L4 A 3ET 3
ATl

2 ZBRE55H

21 MEmEEEREER

2,11 e S BT A A5 AR e 1 T a4 A
Box Behnken 1 i1 v B 2m i A | HAREEIT 545
UL 3, AL (Y,) WSI(Y,) \WAI(Y;) .
BE W (V) BEJE (Ys) B (Ye) IHIEE (V) |
I3 (Vo) WA B . H Design—Expert.V8.0.6 %X
PRSI0 H0H R AT LA, 33 ik 2 T ]
S

Y, =97 + 0.254 + 0.75B + 0.25C — 0.75AB +
0.75AC - 1.75BC - 1.134% + 1.88B> - 1.63C>

Y,=36.67 + 1.47A4 + 1.43B - 0.5C + 0.55AB +
0.834C + 3.47BC - 0.34% - 2.14B> + 1.53C?

Y5 = 469.57 + 5.694 - 4.3B - 10.92C -
0.46AB + 2.05AC - 5.39BC — 0.97A° + 12.37B* +
0.54C*

Y,=81.60 +3.54 - 3.38B + 0.63C + 1.75AB +
5.25AC - 2.5BC + 4.2A% + 3.45B> - 0.55C*

Ys=111.04 + 0.994 — 11.93B + 11.93C +
33.71AB + 58.86AC — 3.1BC + 45.37A% + 37.17B> +
45.99¢?

Yo = 84.9 — 16.884 -28.62B + 13.54C +
15.24AB + 47.22AC + 8.01BC + 38.864% + 31.03B> +
31.78C?

Y, = 74.44 — 4.024 -25.59B + 28.53C +
12.894B + 17.15AC + 1.07BC + 21.924% + 42.34B> +
13.54¢>

Y5 = 0.23 - 0.0134 -6.25x10°B +0.013C —
2.25x10°AB - 3.25x10°AC + 0.015BC + 0.03A° +
0.019B> + 0.018C?

2,12 WA N EREMETTEAN RE 4R, &
Febr AR R AE e T 2% 1 2 53 (P<0.05) S i
% (P<0.01), Ut I I A R e it 24 B X 548 b
RAUI(P>0.05) A 3, 150 W 3 90 A 0 400 5 B A
I BRI PR AP st PAE AT, B A2 XL
S BC B*C* XM AR BE 52 A i 3 A B
B2 %} WSI $20 2. 3%, BC % WSI 52 Wi i 3% ;A %
WAL 5% Wi & 3 C B> XF WAL 5 W # & 3% ;A B
A2 B> X EE RS E B E AC X IECE P4 5
W % ;B.C AB AC A> B> .C* %} i & 5% i 4% 4k
EAB X R % A B.C AC A* B2 .C* X}
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12 a) U 7R 8T 5 3 (B) A A K & (C) %)
Wi A WS (938 B AR FH i, ZE AR AT 4% 3 (220 1/
min ) I, Bifi 25 10 7K 22 386 i, WST 32 8 B AIK 5 78 = 18
FT%% 3 (250 v/min ) B, Bl 25 i 7K &5 (938 I WSI &
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Gelatinization degree/%

17 232
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(a)
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JFEREBE DA I 24 [ 5 % 7 TR R, ST A 3 R fin gk
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&3 Al UL AR SR AT % 3 (B) RN K &2 (C) X
WL

Gelatinization degree/%

C: ke
Water addition amount/%
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Fig.1
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(a)

Response surface diagram and contour diagram of screw speed and water addition amount on gelatinization degree
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o1 Water solubility/%
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Water addition amount/%
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Fig.2 Response surface and contour map of screw speed and water addition amount on water solubility
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Fig.3 Response surface diagram and contour diagram of screw speed and water addition amount on water absorption
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Fig.4 Response surface and contour map of temperature and water addition amount on sensory score
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Fig.5 Response surface diagram and contour diagram of temperature and water addition amount on hardness
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Process Optimization of Extruded Instant Porridge and Analysis of Its Quality Characteristics

Wang Chen, Wang Yan, Wu Weiguo, Liao Luyan
(College of Food Science and Technology, Hunan Agricultural University, Changsha 410128)

Abstract The optimum process of extruded instant porridge was studied with composite grain powder as raw material.
Based on the previous single factor experiment results, the process of extruded instant porridge was optimized by box
Behnken design response surface method. The quality of extruded instant porridge was evaluated by taking physical and
chemical properties, sensory score, texture properties and digestibility of protein starch as investigation indexes. The
structure of instant porridge before and after extrusion was studied by Fourier infrared spectroscopy and X-ray diffraction.
The results showed that the best technology of extruding instant porridge was as follows: Screw speed 250 r/min, extru-
sion temperature 170 °C, water addition 19%. In the validation test, the coefficient of variation is between 0-12%, and
the optimized process conditions of instant porridge have good reproducibility, indicating that the process parameters opti-
mized by response surface are reliable. Under these conditions, The protein digestibility and starch digestibility of the in-
stant porridge increased by 12.570% and 12.602% , respectively, after extrusion compared with that before extrusion.
Fourier transform infrared spectroscopy analysis showed that the structure of main functional groups did not change signif-
icantly before and after extrusion, and the intensity of some characteristic peaks decreased after extrusion. X-ray diffrac-
tion scanning analysis showed that the crystal configuration of instant porridge changed before and after extrusion. After
extrusion, the quality of instant porridge was improved and the microstructure changed.

Keywords instant porridge; response surface; physical and chemical properties; texture properties; quality



