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Abstract: The effects of the amount of two emulsifiers and storage time on the thermodynamic behavior of fresh wet noodle starch were
investigated in this study. Using differential scanning calorimetry (DSC), the Avrami equation, and HyperChem 8.0 software, both the aging
kinetics and molecular structure model of fresh wet noodle were analyzed after adding two different emulsifiers stearoyl lactylate (SSL) and
p-cyclodextrin (5-CD). The results showed that the optimal amounts of SSL and S-CD were 0.2% and 0.10%, respectively. Compared with the
control(blank) group, the emulsifier/fresh wet noodle system had a more orderly and compact structure, and a lower retrogradation enthalpy. The
ranges of the nucleation mode (n;) and crystallization rate constant (k;) of SSL/fresh wet noodle system were 0.743~0.759 and 0.328~0.353,
respectively, and the nucleation mode (n,) and crystallization rate constant (k) of S-CD/fresh wet noodle system were 0.748~0.785 and
0.321~0.356, respectively. Additionally, the nucleation modes of the emulsifier/fresh wet noodle constantly approached spontaneous nucleation,
and the crystallization rate constants were lower than that of the blank group. The Hyperchem 8.0 software simulation showed that emulsifiers
could open and insert themselves into the double helix structure that was formed in the process of starch aging, so it could contain the amylose
and form an amorphous region. These results indicate that the addition of emulsifiers can delay the aging of fresh wet noodle and provide a
reference for extending shelf time of fresh wet noodle.
Key words: fresh wet noodle; retrogradation; Avrami equation; gelatinization; emulsifier; differential scanning calorimeter; sodium

stearoyl lactylate; beta-cyclodextrin
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Table 1 Gelatinization temperature and enthalpy of SSL fresh wet noodle in different proportions

s AR A AL S BRALTRLEIRE ERLZOIEIRE Hers MR B
Ty C T,/C TJ/C AHY/(J/g) T.-Ty/C
THU 60.8240.23" 65.97+£0.34° 70.7420.57° 2.74+0.14% 9.920.23"
SSL0.1% 58.010.44° 65.700.32" 71.23+0.45° 3.1140.53° 13.22+0.50°
SSL 0.2% 57.51+£0.23° 65.49+£0.22° 72.3120.45° 3.2040.25° 14.80+0.41°
SSL 0.3% 57.45:+0.44° 65.120.12° 72.89+0.34° 3.15+0.31° 15.44+0.25°

E: FRMNEFREFR—FIZNGEREWRES, HANNEFREEFR—FIZNADENER, p0.0s.
%2 FELLH] 4-CD B EAHILS R e E

Table 2 Gelatinization temperature and enthalpy of #-CD fresh wet noodle in different proportions

s BRALAUILIRE  BMLTRRBE  BMLKIRBE Wi WILE B B
Ty C T/C TJC AHy/V/g T-TyC
Z e 60.82+0.23* 65.97+0.34% 70.74+0.57* 2.74+0.14° 9.92+0.23"
B-CD 0.05% 57.55+0.53 65.12+0.44 71.23+0.38 3.14+0.22° 13.68+0.12°
S-CD 0.10% 57.05+0.53° 64.90+£0.07° 72.10£0.21° 3.2540.27° 14.05£0.11°
B-CD 0.15% 56.92:+0.44° 64.30+0.51" 72.93+0.38° 3.21+0.10f 16.01+0.08"

E: RRENBFERTFR I ZAALRERER, HANNETEARR—FIZMAIERER, p<0.05.
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21 d J5, ISIIESN 0.2%I1) SSL I e R 18
FRIBAEIN 1.87 J/g BEIRE 1.53 J/g, ININEA 0.10%H
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FeRAM, SSL fthgimit Hint /K3 -5 e h i
MEEMEAEN, WM HEAERBEEY, 515
TERPRIAC AR R e . FEDRE ALV A BT SRR
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EW, AT U RS B ELEEVEAR [ AL T AR RS,
MNITTIE LR B BEVERD A T 4G i, ISZIFNH ek B4 1) B
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Table 3 Changes in the retrogradation enthalpy of fresh noodle/SSL mixtures after being stored for different numbers of days at 4 °C

2b 22 et 1d Jeff3d Tef5d Nefs 7d Teff 14 d ef21d &KX EME DR%
FOMAH/(J/g) 07120050  0.94+0.02°  1.15£0.04°  1.66+0.03" 1.75£0.01*  1.87+0.03° 68.25%+0.01°
SSL0.1% AH/(J/g)  0.48+0.03°  0.78+0.01° 1.1440.03° 1.33+0.03°  142+0.01°  1.59+0.01° 51.13%+0.02°
SSL0.2%AH/(J/g) ~ 0.43+£0.04°  0.72+0.03°  1.09+0.22° 1254023  1.3440.11°  1.53+0.14° 47.81%+0.03°
SSL0.3% AH/(J/g)  0.43+0.0° 0.73£0.03°  1.06+0.22° 1.24+023°  1.33+0.11°  1.50+0.14° 47.62%+0.02°

Z: AR N EFHEETR XA EEREN LR, R NEFHEATR I AREM LR, p<0.05.
= 4 WMLE B-CO/EEEMARTE 4 CTER A RIREAELIEE
Table 4 Changes in the retrogradation enthalpy of fresh noodle/s-CD mixtures after being stored for different numbers of days at 4 °C

232 A 1d A 3d A 5d BEA7d  EA14d BAE21d 0 RKEWME DR%
% €128 AH/(J/g) 0.71£0.05*  0.94+0.02°  1.15£0.04*  1.66£0.03° 1.75+0.01* 1.87+0.03° 68.25%+0.01°
B-CD 0.05% AH/(J/g) 045£0.04°  0.92+0.03*  1.19£022°  1.25£023° 145£0.11° 1.60+0.14° 50.96%-0.02°
S-CD 0.10% AH/()/g) 0.42£0.04°  0.86£0.02°  1.09+0.02°  1.19£021° 1.41+0.04° 1.54+0.02° 47.38%+0.02°
B-CD 0.15% AH/(J/g) 0.3940.02°  0.80£0267  1.03£0.02°  1.16£0.04° 1.39+022° 1.51+0.02 47.04%=0.01°

E: RREBFRERFA—IZAALRERER, HRANNETEATR—FIZAAIERER, p<0.05.

23 WAILAEE TR L ) F A

VERE EAL I RE AP BRI 25 R T R IR =i
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Table 5 Avrami retrogradation kinetic models of fresh noodle/SSL mixed systems (4 C)

T 3% 45 58 7 A2

2 iR R A

#h 32 Avrami equation BT b3z B354 n 4 8 At # Ink R EERK K REAKR
TE Y=0.732x-0.946 0.732+0.10° -0.946+0.20° 0.388+0.10° 0.908
SSL0.1% Y=0.743x-1.041 0.743+0.10° -1.041+0.30° 0.353+0.10° 0.965
SSL0.2%  Y=0.753x-1.109 0.753+0.10° -1.11620.10° 0.328+0.30° 0.964
SSL03%  Y=0.759x-1.095 0.759+0.20" -1.095+0.40° 0.335+0.10" 0.969

E: AR EFEHEATR XA EERERER, MR EFEEATR—FIZAALEM LR, p<0.05.
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Table 6 Avrami retrogradation kinetic models of fresh noodle/-CD mixed systems (4 °C)
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sz TREETR s TR p e ARAKE
Avrami equation B B AR3TEL Ink
TEHE Y=0.732x-0.946 0.732+0.10* -0.946+0.2° 0.388+0.10% 0.908
S-CD 0.05% Y=0.748x-1.032 0.748+0.10° -1.032+0.2° 0.356+0.10° 0.984
S-CD 0.10% Y=0.773x-1.137 0.77340.10° -1.137+0.2° 0.321+0.20° 0.995
F-CD 0.15% Y=0.785x-1.127 0.785+0.10° -1.127+0.3° 0.324+0.20° 0.998
E: AR EFEEATR S0 AFEREWER, ARG NEFEETE - LEEMER, p<0.05.
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041 B#5 SSL A B-CD FRINE G N, n a5, H
SSL/EFIRIA R %7 (n)), B-CD MR MAZ T
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FEAEREMEYI IR, TEfEE B %Y e
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k,=0.321~0.356, KHLEFLMFIFAEFRAE T, TER AL
A% PN B 2 i O FE ARG, Ve Rl ARSZ B BOR
el RMEBRIET T 1, KRGS AT NANEH
PeRAT, ROIRBEET 1, £ 9 Avrami J5 26 T
RIS AT BRI R AT . AR
RS, N T AR R 2 5 A IR SR i
0T R LB VERR-NR DT AW, A ERR,
HEp/K MR B 5 BN o- FIZ i SN2 5 DU
TEREE BTN AT, RTINS K R E 2
K FHEER, RESEETEEN-FLT-AR 7
ZF, WIEREF T BREER I IRAS, 4% T i

H1B-CD J&, 1A ZRAIZE dil 4 k BEE FLALRI LA T A
i 3 ’ Lﬁ‘ i AN ‘é:‘:EI‘EE; A k ’ N
0 T PEEAI jEH;S‘ {jﬁzﬁﬁi%ﬂ’] naa_l_i%iﬁz( 1) 24 Fa% A
B-CD fRR LR EE (k) N: k=0.328~0.353,
37 SSLIANINES Avrami BE(EIRY Pearson WL EHE X1
Table 7 Pearson correlations between the amount of SSL and Avrami parameters

n k AH, AH DR% SSL #shmg
n 1
k -0.937%* 1
AH, 0.873* -0.971%* 1
AH 0.933%* 0.968** -0.984+* 1
DR% -0.905%* 0.968** 0.994%* 0.997%* 1
SSL #hm& 0.992%* -0.886* 0.812% -0.893* -0.856* 1

E: O 0.05 KRN LR FEARK; *HE 0.01 KF(IA) EAL R FAE X
&8 [-CDRMES Avrami SHEIH] Pearson WALEMEX 4

Table 8 Pearson correlations between the amount of #-CD and Avrami parameters

n k AH, AH DR% B-CD ifhng
n 1
k -0.992%* 1
AH, -0.932%* 0.960%* 1
AH -0.837* 0.847* -0.941%* 1
DR% 0.896* 0.892* -0.946%* 0.989%* 1
-CD k& 0.863* -0.864* 0.938%* -0.996%* -0.997** 1

JE: R 0.05 RPN LR FEAR K, HHE 0.01 AP () AR FAR X
*R 73R 8 N SSL, B-MHIKES Avrami SEL/A][H] EARZR, IR REHI8-0.937 F1-0.992, BN
Pearson XA AN RMTEE R, 45REH, n 5k 2R T FUAFI R SR T R 52 A TR S B AR R T 2R
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25 #RE = IRA G ILAH AR E 1A # A

Lt

[E 1 £ AMBER J1IASR RIS EHEEM FER S SSL &% 8-
IS E(ERRE (4 °C)

Fig.1 Interaction model of two amylose fractions with SSL (a)
and -CD (b) (4 'C) after confirmation optimization using
AMBER force field
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B I PG, H SSL/EFMETHIAR R 4% S iR £ (ky ),
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SeF Y TRV A D % o8 R 4 ot K Tl P S PR, 3
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T RESEE TR IS LA ) R T ek 2 AT
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EHESAMFRNINE R EZEIEMX k ES5IAFEN
HEREAMER AH SAMARINE 283 7
DR%-5 AL AR I 2 B2 1 AH5%, SSL 5 g-CD #
TRMARX A ERE R ES— SRR IT.
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