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WE R 3 AP R R F K S A0 IR e 2 Fo ik R AT R 2T SF IR |
I FIT A FAEGH R, AR E T F #4328 (differential
scanning calorimeter, DSC) , Avrami 7 #2 ##= Hyperchem 8.0
Bt A RN R TR VE TR 3 A F R S A 8
BEOENHAFIRE S TEMBEREATIN. EREN.

LM/ R ARGMACEETLEA(Tyg~Ta) A 55.30~
72.82°C. 4/ SRR FGME(AH) & TEaH; 3
/R B R GRRAL X RIEH ELERTE G LS (AHD
KTFZaU; S/ S$BREREARET XN () RLTEE N
n; =0.742~0.816, ¥ X T2 G 4A (n=0.732) B R B A2 L T
BE MM 4/ R @A R0 TS M0 Tk FFHRGED)
TACEE A 0.251~0.309, B3/ F % @2 (k=0.388),
Hyperchem 8.0 kMM AR B = .o F Ly HE AP %
Wen T L ARETFUREREIRS T HELE RS T AR
WoTRBEHSA ., Kim 0.4% 6 N R I3 H 2R &
¥ 4K AR 21 d BF SR KR AL A 45.21 % (CK 48 % 68.25%) .
EH A FFARA Y=0.816x—1.382(R*=0.947),
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Abstract: This study investigated the effects of the adding amount of
three different Hydrophilic polysaccharide and storage time on the
thermodynamic behaviorof thefresh wet noodle starch. By using dif-
ferential scanning calorimetry (DSC), Avrami equation and Hy-
perchem 8.0 software, we analyzed both aging kinetic equation and
molecular structure model of fresh wet noodle which were addedthree
different Hydrophilic polysaccharideGuar gum, Carrageenan and
Konjac Glucomannan. Meanwhile, build a equation of retrogradation
kinetics and build a conformation design which inter react between
polysaccharide and starch. Results showed that the temperature
range( To1 ~ T ) of the pasting of the polysaccharide and fresh-
noodle system is from 55.30 °C to 72.82 °C; the dextrinize enthalpy
of the polysaccharide and fresh-noodle system(AH )are greater than
blank group; the retrogradation enthalpy value (AH ) which Melting
and recrystallization amylopectin of the polysaccharide and {resh-noo-
dle system needs are smaller than that of blank group; The range of
ucleation mode (n1) of the polysaccharide and fresh-noodle system is:
n1=0.742~0.816. They are greater than blank group (n=0.732), and
constantly tend to be spontaneous nucleation; The changed range of
growth(k1) of the recrystallization of the polysaccharide and fresh-noodle
system is k; = 0.251 ~0.309 and are smaller than that of blank group
(k=0.388); After using Hyperchem 8.0 software can found the hydroxyl
of the starch molecule and the hydroxyl of the polysaccharide molecules
competitive gather a large number of water molecules and then delay the
water molecules around the starch molecules to distribution. Adding 0.4 %
Guargum(relatively to the quality of the flour) inhibition of retrogradation
is the best, The storage of 21 d the maximum degree of retrogradation:
45.21%(CK: 68.25%),
1.382 (R?>=0.947).

The equation of aging kinetic is Y=10.816x —
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s 36 TR ) 1 3o AR e A TR A ROK I S R AT TR BRE AR
U b AR 4 G T RXUBR (22 7 R MR AR 11 RS D) o B TG 2%
KAy ISR N 25 ) R AR B AL A 5 1R I 4 2 1
T 7™ EE R 0 R R R A B S )N TR A R
0 S5 U T 2 ALY A F o Y€ R UKL FE K 4 F IR v 2
o P AR AL g TC T A X — B B e B O WAL R K
BERALD o FR S oI 25 — Bl A5 1 5 U L K 4 TR
HEATE R URE , ROCR s $A i 5 1R 0 ORL K AL L b ik B =
TEM SRR, B EL . G Em b &
WAL 1Y) B 5 SR VE R TR R S BOE A )T S5 A B B, X
W 43 -5 U AE 5 R LR Sk S AT L R N 22 S
FENH EEREH A FHL S FRVEXH KB EAR
BN NS R [ DS AW O T4 s a4
0T, Brgt kW, 2%l T B AR S R e R Ak T
AR TR . T S AT B g e A P S K R A
FLALTA | 22 0 25 ) M 06 A ) R 05 A e st 400 S50 7 {9 0K s 1)
b R BT P B R . BIRE %D R RVA,TPA
Z595 BBIF I IR B S 2 B L CMC i JUke 4 il 2 7K B A
X TR A0 A P e P R TR 4% 0 JO S ) 5 SRR B 4 R BT R
4RI T, Foe2 SN HE R RYE 5 7 R Q8 R T
AR R I 45 25 4 o 2 JBE 2 s 2 4 L v 1Y) SR G I 45 IR &R
TN A S5 KM I M 22 1] R A% LA HI W) VR A 3G I R 3 o 1
T Avrami #8812 80rb () 45 8058 505 BU 7 URg 8 #2 44t
BHRGE M FRME R HIEm KW E AW R EEE R d T+
SEERER A RO A R N AR R 5 403 TR B o
T2 R RO B 28 IR (B 2 ) 3 iR Rl 2
S 28 R 258 & R #E (DSO 45 & Avrami 72 Hy-
perchem 8.0 {4 2 37 fif Y 17 / 25 B AH HLAE FLR & 4R 1 2 0
Gy F T BT VE R BT E SR, LR S Avrami
BT S L B A A il A UE R A 0 R 4R T i B L I
10 £ U T Y S AR R B AR R
1 e 505k
1.1 ##E5ikH

JRARIECT0 %) BB (99 %6) VB FFE e (99 %) - L T i
Vi 2 Ak LA BRZA ] 5

B 4% B2 (PERE B 0.12 mm, LG R .
1.2 FENHESEE

2R A P - Q2000 # . EF TA LA H

Tl FiL M PR T Y HLY-25 BB, v rly TV B A T R 2R T BR

AR

F BEL 2 T A4 = X-4-10 B, R 28 7 e AU A PR D 5

L BE IR 0 32 48 . DHP-9012 %8, | g — 18 Bl 220 38 5 [
NGIE

ANEN B R KL DHH-180A B, 7k J3 17 ¥ 1 v 35 A R
NGIE
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1.3 Fik

1.3.1  SEREGIELTZ H100 g /N2 M T F T &L, A i
5~10 minCRHIH it P2 1B IN A& A 2 g B M LW K
33 g [T A1 78 4 oK B B TR v LU R R R T R
B RS R 2R TR D L AT S 4% % 3% AR TR (35 TC) B 5%
FEPE 30 min, SR FHEATE Y A%, B TE G I Y 6% T
20 ML AR 1000 mL K AW A . Z 0 3 min, #
T 45405 1 T B T IR K 2R 28 K Bk 1 min, A0S 484 B B0,
JUT A 0 2 T R AL S AR R K A 611700 K4 0.47 00,
T A 29.9% A& & 12.23%,

1.3.2  Z W25 & S U R0 S0 T A AR IS R BT A 4 4K
0.02% fhEh 7K Co5 RS B &Y 3196 ~ 33 %) FI i 8, ML 8% GB
2760—2014 K5 0.2 % ~0.4 % CHIXT /N 2 85 B 43 B0 89 K
IR A5 B < JBE = 1S 43 500 Jom ARV 9 o, 56 3 TG 4 O vk 2
M 1.3.1,

1.3.3 S IE 2278 SR ERALDSO M E  HUE 5 77 D fif
M IE (<10 mg) P4 T TA 2 vl #4411 0% J1 W 14 48 HE 3
i R A B4 A 21 d, T 25 CF BEAT DSC e . ik
E TR R T B A R B Y B 20 ~ 95 °C 5 R R
10 °C/min, S 26 :99.999 9% . i 50 mL/min, 4F41%E
EEMIK 3 WL BT M. B DSC W #h il 28 A A8 i 4R
TRLEE (o) AHAR W TRLBE (T ) RIAH AR 2 R B2 (T Bl Ak
K (AH ) B (AHD S5 MR AEB R,

1.3.4 SRR BT ITE Gl DSC {15 3 6% 1 e
BRI IS AH 52008 AH L H (1) 550 6 38 18 T 0 0
AR

AH
AH,

DR = X 100% » (@YD)

Fvis o

DR—— 6 30 181 V& 1 EALFE L 05

AH— SRR ARG ¢ I DSC 34 i AL (H . ]/ 25

AH —— B3 16 A R 5 DSC FIH Bk 4E (. )/ g.
1.3.5 SR AL ) ) F AT Y€MY I AL R TE A
FHEE T FREWME MR, B AT R A Avrami (1
BN Bl S35 05 R AT

R=1—exp(—kt"), (2)

T RLAGE 3 DSC 7 4 3 10 V€ Ky I b ) AH R
Ao R=(AH, —AH,\)/(AHz—AH ). AH, AF ¢
W Z0 Bk s AH= g e il FRAGH AH AR 3R 0 B 220 (B
YRR IE 4T 58 BOMIAL) BB AL 5 (8 i AH L =0, B AT DL fR Ak
N R=AH,/AHz,

H o7 BRI R 2 7R A AR X EOT A5

In[ —In(1—R)|=Ink +nlnt, (3

A

R——FEWF[A] ¢ I Y€MD 45 i b T o5 A0 PR 285 6 ok A 7T
00 R AL R B R IR) R HCR RN 5
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k——55 G AR B B AR R DR R e R
Avrami 854,

PO 8 1 & ¢ B 20 In[ —In(1—R)JJ5 - ¥ Int #4748
PERH BI AT A3 B AR R e 5 Aveami S8 8 n .
1.3.6  FEAFALIG R 2

(1) K3 B9 E  #e GB 5009.3—2016 $h47.

(2) JRAFIIE 4% GB 5009.4—2016 $h47 .

(3) Vi TAT 7 i I 52 < 4% GB/T 5506.2—2008 $447 .

(4) AT E 4% GB 5009.5—2016 47,
1.3.7 FEAREWSEMS FHOERAMBELET KA
Hyperchem 8.0 B4 Ve ¥ 4 F B 5 2 054y + . WM 43
TR 12 A4 B8 4 T LA 22 85 4 422 1 B 7K 4 F LA 60 %
P EL VRN . e b AR AR T A A A TR AT 1 ik
b ARG FHRZE 423 K150 C) 330 )1 2 145 2 ps, R J5 ¥ 14
RIEILE 277 K4 C)IEh )12 45 2 ps.
1.3.8 Gt gds s b L4 8 SR AT 19.0 A SPSS. 2010
Excel & Origin 5¢ B, S8 — 25 B A G4 FASE A0 ) 48 S 3% 1)
JH Hyperchem 8.0 52 i
2 RS0
2.1  S¥ERERIRMI T 6T E R 220

M1 AHL AN 2 PR REAS W R SR A Y T
T, (P<C0.05) ; [Fl By BE4S . 35 3 i S IR T Ve My 0 T . T. ~ T
(P<C0.05), ABFFE 1 W, & 4 DSC W% #4 0 K5 1F 2 451
H, T AR FRTE Ry Ak i B p 45 5 A TR R P b e
KRR 2R 1 TN U T SR K 20 I SR TR T AH X
F a5 4L E T R (P<0.05) , SR 7 M FE AR Uk B 2 B g
fg 30 3 R 2 AL AR b A R HE S L 4R AR R T
Rl ) s T AR ER BB RELS RS T E
F P A P 0 A TR RE T R UK 22 B AT LA A A 9 I S
WA e NS RIER T,/ & BT, 20/ 60 ik R
W) To~T.} 55.30~72.82 C, 25 A4 T, ~T.} 60.82~
70.74 °C LW 20 5 SR E A WE R Z R A TAHEAER, —

n

ERRE LUOE TRR M AT INT 200 0 6% 1 I R
1 AH 828 AL 2 FFH(P<C0.05) T B N T IR IR . R 4L
JE o M TR M) A, B2 v B Y M G O TET . TTRE R T K
S VS A H R & e A D REOK S AR B R R ) & 7 R
TR Y TR ) 25 PR T TR W R v i) — P = L, BB Ot {45 e
A 2 BRYET) 5 R BB B IR T A A B K v B
b RN NI 0 S R AR UNEUR R Ay R R
2.2 ZHEREMAMFANEEEERHNZHHFENZ N
ficf 30 T 3 A KA )G RV E A AR o, — R S TR BB
B 3K 2 R AR LR M 43 T T HE B O A o SR BUR
Vo PR UUTE - R Ik b 5 4 B8 38 T 4% 7 6 R0 N8 i T 1
TR XU A 2% T 23 7K 2 W40 ) i 30 TR 2 Ak ) BB R R R
S AR P SR 4 R L Y K 43 DT 00 0 PN B R 4 F
BHES B A F BRI K s TE B T R OK 2 S TR
Gy F I B 5] U GE 4 F 22 TR AR AR AT 2k )
HlZ A B OR Y L N DSC g iy 2 Ak Bk 2 5k 2l
VL < I 25 b EF ) ) S o 5 308 TET 3 K il A S % O R R
45 b AT A KE AH B BRI T 220 Y 5 1 T e
3 Ak S2 4 BE A T 45 O T TR ALK AH AR A8 4R i
R G E S 8i 1 B B NI B 7 T RSB R e S
T B R TR) ke 2 T T VS R 1 AR AR RS AR TR, X S
Muadklay J™*', Funami T 2™ §f 75 A % 3¢ By . T oK 588 8]
A TR R — 3, F PR 0.4 %6 IR I 1 S V8 1 %
21 A2 AhE S B Ak % (1,65 J/g.45.21 ) W B R T2 A4
(1.87 J/g.68.25%) » HL YK F H 4 £ Wik 55 41, U6 93 3
0.4 26 JI R I fef 18 1 =8 P AR i
2.3 EHEEAARAMFNSEEEEMNEUINEFERES
R Avrami J7 R B 5% 2% 7K 22 08 6 26 30 18 2 A6 1) 52 i B
B 3. AL SRR M/ SRR R AE 4 CTRIEL
IR P S YE A A A DA — RO (n << B, H Y
1<<n<C2 B, WA 7 R LL A R R =L R
JY 5K 22 0 JE 1 S 0 TR VE R B fH B R F A8 4L (P<

F1 FAEAWLGIFEKSHENEEANHMULERETNRENZN
Table 1 Theinfluence of different proportions of hydrophilic polysaccharide to the gelatinization
temperature and enthalpy value of the fresh-noodle

e PG R AT L ER AT S Sy R A WALk 1Ak Tk B 3 R
T,/C T,/C T./C AHy/(J g ') T.~T,/C
=Kl 60.82+0.23 65.97+0.34 70.74£0.57 2.74£0.14 9.92+0.23
JRIRHE 0.2% 56.6840.44 64.49+0.32 72.26+£0.45 3.5040.53 15.58+0.50
JNIRIE 0.4% 56.3340.23 64.21+£0.22 72.54+0.45 3.6540.25 16.214+0.41
JKIRIEE 0.6 % 56.3140.44 63.3940.12 72.82+0.34 3.58+0.31 16.51+0.25
RHiE 0.2% 55.7040.53 64.5340.44 72.01+0.38 3.4740.22 16.31+0.12
RHiE 0.4% 55.4040.53 64.2540.07 72.23+0.21 3.514+0.27 16.83+0.11
RHiE 0.6% 55.3040.44 64.1240.51 72.51£0.38 3.55+0.10 17.21+0.08
BEAERE 0.2% 57.8240.37 63.59+0.11 71.94+0.43 3.214+0.17 14.12+0.25
FEAERE 0.4% 57.62+0.27 62.25+0.11 71.547+0.23 3.25+0.33 13.92+0.11
JE M 0.6%  58.45+£0.23 61.12+0.14 71.94£0.13 3.31£0.12 13.4940.24
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Table 2 The retrogradation enthalpy value of the different proportion of hydrophilic polysaccharide

fresh-noodle under 4 °C in different storage days

b 3 WoAE 1d/ A7 3 d/ W AE 5 d/ W tg 7 d/ It AE 14 d/ It Ag 21 d/ R
Jeg™ Jeg™H Jeg™H Jeg™» Jeg™ Jeg™ /%
=kl 0.714+0.05 0.94-0.02 1.1540.04 1.6640.03 1.75+0.01 1.87+0.03 68.25+0.01
JRIREE 0.2% 0.45+0.03 0.66+0.01 0.93+0.03 1.34+0.03 1.524+0.01 1.71+0.01 48.8610.02
TR E 0.4% 0.434+0.01 0.6240.02 0.8740.03 1.30£0.01 1.494+0.03 1.65£0.03 45.2140.03
JRIRJE 0.6 % 0.4440.03 0.6440.02 0.8940.04 1.324+0.02 1.524+0.01 1.68+0.02 46.93+0.02
KR 0.2% 0.56+0.09 0.8140.03 1.04+0.01 1.3740.01 1..67+0.01 1.84£0.18 53.0340.01
KPLEE 0.4% 0.54+0.03 0.7940.01 1.0240.03 1.3540.03 1.6740.01 1.81£0.01 51.5740.02
RHE 0.6% 0.524+0.13 0.7740.03 1.00£0.04 1.3440.03 1.65+0.01 1.792£0.04 50.4240.01
AR 0.2% 0.554+0.04 0.8040.03 1.04£0.22 1.37+0.23 1.65+0.11 1.80£0.14 56.0740.02
EAERE 0.4% 0.53+0.04 0.76+0.02 1.0140.02 1.33+0.21 1.63+0.04 1.77+0.02 54.46+0.02
JEE R 0.6% 0.510.02 0.76+0.26 0.98+0.02 1.31+0.04 1.60+0.22 1.74+0.02 52.57+0.01
R3 HIEH/ZSHEEULINFEETE
Table 3 Theretrogradation kinetic models of the polysaccharide and fresh-noodle system
hb 3 Avrami Jj 2 n Ink k R?

sk Y=0.7322—0.946 0.73240.10  —0.9464+0.20  0.388+0.10 0.908

JRREE 0.2%  Y=0.7912x—1.328  0.791+0.12  —1.328+0.18  0.265+0.15 0.936

JRRBE 0.4%  Y=0.8162—1.382  0.816+0.11  —1.382+0.21  0.251+0.31 0.925

JR/RIE 0.6%  Y=0.802x—1.349  0.80240.21  —1.34940.12  0.26040.10 0.905

RHE 0.2% Y=0.7442x—1.192  0.74440.21  —1.19240.17  0.30440.13 0.949

KR 0.4%  Y=0.7520—1.206  0.752+0.11  —1.206+0.21  0.299+0.23 0.947

KRE 0.6% Y=0.7642x—1.228  0.764+0.23  —1.228+0.36  0.292-+0.31 0.946

BEER 0.2%  Y=0.7420—1.174  0.742+0.21  —1.174+0.12  0.309+0.16 0.952

BEER 0.4%  Y=0.750x—1.197  0.750+0.11  —1.197+0.21  0.302+0.22 0.954

BEER 0.6% Y=0.762x—1.221  0.762+0.29  —1.221+0.17  0.295+0.11 0.950

0.05), BN T 3 F Z W1k &R M9 A% 5 X8 s npsn =
0.791~0.816, m ppupe = 0. 744 ~ 0. 764, nygge = 0.742~0.762,
Mo = 0.732 UL BHVR N T 2 W5 J5 A9 € By W A% 7 XA I s il
FHEBA., S EBER Tk N3 B2 5 R N,
3 Bl K 2 B/ AR U TR R Y 4 O 2 H B B R e

0.251~0.265 £ g =0.292 ~ 0,304, kg = 0.295~0.309,
ks = 0,388, Uk B VS i 22 0 I 1) 4 188 v o 2 Ak o R )
Ak R AIK T 25 F AL, 2200 BE A8 5 4y st 410 o) 45 V8 1T E B Y

k. X5 Xu JP, Guo Z Z B 98 3 F 3 By . KOk BE R B
TR R —F . ELIRIN 0.4 %0 IR B8 6 % 10 /Y i 5
T B R A% 25 S R R R R YN T A R T AL B
AR 0.4 %0 IR W Bt 868 1 <8 Ak 280 B dp o
2.4 fAXRMSH

F 4~6 NJNIRBE R P BE ZE IS Avrami Z:50R] Y
Pearson WAR AR BT 45 K S5 R W Z W N 5 n.
k AH DR .AH, Z [A] 35 5 5 35 A0 OGP BB 2 Bl 2 | S O

F4 RREFMES Avrami S EHHE X 5
Table 4 Pearson correlations guar gum cotent between and Avrami parameters
ek n k AH, AH DR IR JEE 5 I
n 1.000
k —0.996 " * 1.000
AH, 0.994**  —0.980* * 1.000
AH —0.998 " * 0.987**  —0.999* 1.000
DR —0.995"* 0.981** —0.999* 0.999 * * 1.000
TR B s i 0.439 —0.352 0.533 —0.500 —0.528 1.000
Tox FIORTE 0.05 K ERFMIG; « « RIRAE 0.01 AP R EMK.
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Table 5 Pearson carrageenan between carrageenan and Avrami parameters

L n k AH, AH DR R LS o
n 1.000
k —0.999" " 1.000
AH, 0.993**  —0.995" * 1.000
AH —0.974% % 0.978**  —0.993" * 1.000
DR —0.983% 0.987** —0.998"* 0.999 " * 1.000
RHBHE A 0.993*  —0.995 0.999%*  —0.993** —0.998* * 1.000

T RIRTE 0.05 AP LBFEMIC; » » FIRAE 0.01 KV LR B F G,

®6 BE¥BREFEMES Avrami SHEKHERX S

Table 6 Pearson konjac glucomannan between carrageenan and Avrami parameters

L n k AH, AH DR JBE A JRE N
n 1.000
k —0.993" 1.000
AH, 0.999**  —0.993* " 1.000
AH —0.993* 0.999**  —0.993*~ 1.000
DR —0.998* * 0.999** —0.998* * 0.999* * 1.000
JBE A e s i 0.993**  —0.999* * 0.993**  —0.999** —0.999** 1.000

T RIRTE 0.05 AP EWFHMIC; » » FIRAE 0.01 /KP LRI FH I,

TN BE A% 5 A TR AR N 0 ) A AR A L B T ) T o
AL BRI,  foe TR BE M R B T AR UK 5 S SRR
2.5 BEEMEMSTFSSHEEEERNBARIEIT

P 1~3 735 9 R G R B CRL evend 3 Bl G2 45
ARG R BO T RS B R T R BOR A AR
FRERL . N Hyperchem 8.0 {4 5 I 480 AT 1 fi1 12 A>3
7 T 5% 2k DL 70 SR R I R Y LG UE R 0 T R BEAN 2 B O
TFREFEKRZN 150 CHEE 4 Cla . BKEMR B S5ENR
o1 BRI B R A T R K 1 — 5 TV I SRR P
BETE K 53T WO AFAE T LA S AR EL AR AT 4 A A T 52 Bk L [
Aok A T A R TR R A R LS s 5 — T T
WA T BERY 2 T B A K O TR A A R A B
P B VA A 28 A0 ) L U B 3 R U T £ A B T
o 7S ) T4 A T A A A

0se Iracl1io|

S

B 1 % AMBER 7 % # S AL N RIS F 57 &

S5 a4 ST RBMIAERER
Figure 1  The Guargum molecular fragment and amylose
molecular fragment interaction model after con-

formation optimized of AMBER force field

3 &g
B 0 Y A 2 R 3l A ) S A )L AT 5T F AT DSC
Py AT G TE 1A TR S TR 3 22 0 I T A A ) 2 S

Carraceen

[er molecules

B2 % AMBER s 3# ety Faik o § 1 &
L AR ST HEMEIERARAY

The Carrageenan molecular fragment and amylose

=

Ay Toce oo

Figure 2
molecular fragment interaction model after confor-

mation optimized of AMBER force field

n B

mmmﬁ

onjac ucq

B3 % AMBER A% MR R BEFas T HE
LA ST hEMEERREY

Figure 3 The Amorophophallus Konjac molecular fragment

and amylose molecular fragment interaction model

after conformation optimized of AMBER force field
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B 45 Avrami #EHL Hyperchem 8.0 #CfF 247 73 #r » 45
R W] G 1A VE B 45 DSC A 2 280 kA B R
(P<C0.05), 20 #7 DSC 44 Jy 2 2 B 45 th i B 4L 9t & 1L 5
(0.4% JR/RIBO 5 Avrami gl g 27 #8143 K 45 H i 25 R — 2
Y] Avrami #8581 BEAS 1 3 b 2 AL B9 1 72 2 — P IR IR
THER AR N IR AR AR 2 L F2E . Hyperchem 8.0 B2 45 1&]
FRULI 25 K 20 Bl 10 1) R 5 1k ) BIL B R G 5 L SR K S S
RAR KK I T AT REFS B il K 20 B AL 26 45 B K TE 5
T 2 3 40 7 - AL A SR <
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