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Effect of Frozen Storage at Constant Temperature on the Molecular Chain
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Abstract: Frozen flour products have been rapidly developed in the food industry, while some key scientific issues on the effects of the
frozen storage process on the quality of flour products remain unclear. In this study, the effects of frozen storage (-18 ‘C) on the molecular chain
configuration, root mean square radius of gyration (Ry), and molecular weight of hydrated gluten were studied by small-angle X-ray scattering
(SAXS). The results showed that before frozen storage, gluten molecules had a relatively loose chain structure in a 500 mM acetic acid solution,
possessed a mass fractal structure (mass fractal dimension (D,,,): 2.05), and a network structure. With elongated storage time, D,, value tended to
decrease, indicating a gradually loose chain structure of gluten protein polymers. The Ry value and average molecular weight of gluten also
tended to decrease with increasing frozen storage time and the change of R, was positively correlated with that of Dy. These results
demonstrated that depolymerization occurred during the frozen storage process due to the ice recrystallization, resulting in breaks in gluten
molecule chains and a loose network structure.
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Fig.1 Scattering curve ((1(g)/q) of gluten in a 500 mM acetic

acid solution at 26 °C after frozen storage at constant
temperature

JE: RBETIE: 0d~120d, & A& G AR 8 mg/mL.

120d

nEIDEIDEIDDnD
=)
M 90d
2oPocoooooo o
Vvvwvw
vV
30d
a LDAAA A AB D A AL
PR 0
o . ke
2000920050000 0 %0 4 o

o

L [I(q)]/a.u.

Y

0.00 o.loz 0.64 0.66 o_bs o.llo
g* / nm™
E 2 [ERFER XN EEHER Guinier AISTHIZEAISIMN
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Fig.4 Double logarithmic plot of the SAXS curve ((logl(g)/logq)
of gluten in a 500 mM acetic acid solution at 26 °C after frozen
storage
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Fig.5 Changes in the root mean square radius of gyration (Ry)
and D, during frozen storage

M5 AT AR A, SR8 TR 1S o,
FUH R A Ry W12 IR R . FEfEIR Ry A2
r,  MKHTEURE SR 1 12.84 nm R B& 240, 120 d 1) 8.01
nm. LA, A ANIRMIMER, SR TE A 0 d
) 90d ke, I AN BRI AR, T
#1120 d I FEEAS AR EAT T, [FE
XS TAEGEOLRE T Ry IR S Dy IR, ZRA
W, WA EA —E IR, FEGRBOL RS, T
G T NIRRT AERRRES. XK, b
F RIS RGN, H T K&K o A AIOK a1 B
Ghi, FEXASRE PR T A E RO, XA
IAE 18 ERIUNBIRINR, M8 ERNR
DIVEERMIRL,  TX LKL I S B T BB, 1 1 i 2
57w <3 N T S D S 22 o G e S 2
MU, > TRERST M R RS, SRR
R AR I T AR R .

3 Zhip

YA FAMAT 500 mM LIRS, BLE N 8
mg/mL IR, oo T HEAR QIR S BUARS
RN, A LRI 5. BEAE VRGBS 18] R SE
K, HHEAR S TEM R A H RN TR, JATE
BEIEAE A, T KRB ER UK S K A, i
J T AR BRI AMBEIAE > TR BRI
FRSRBLR, RS THE L NERIUNRERIRTR, I LE
FEHISCHERT REIE R T T A & 731 Ry IR FE [
KL Ry 5 D IARLIEARSS, LW T HIATE AT
Ry IR, [RI X oy TR Rt 0™ A B R 52,
I TREMIZ M R AR, 0 IB4ERC T [

Bt I HK

[1] Curti E, Carini E, Tribuzio G et al. Bread staling: Effect of

gluten on physico-chemical properties and molecular

[2

B3]

(4]

[l

6]

(7]

(8l

[

[10]

[11]

[12]

[13]

[14]

mobility [J]. LWT - Food Science and Technology, 2014, 59
(1): 418-425

Southan M, MacRitchie F. Molecular weight distribution of
wheat proteins [J]. Cereal Chemistry, 1999, 76 (6): 827-836
Nakagawa K, Kagemoto M. Characterization of casein-based
nanoparticles formed upon freezing by in situ SAXS
measurement [J]. Colloids and Surfaces B: Biointerfaces,
2013, 103: 366-374

Watanabe Y,
combined with small-angle X-ray scattering optics [J].
Journal of Chromatography A, 2009, 1216, 44: 7461-7465
Robillard G T, Dijk A AV, Boef E, et al. Size and shape of the
repetitive domain of high molecular weight wheat gluten
proteins. | [J]. Small-Angle Neutron Scattering, 2003, 69:
311-324

Zhao L, Li L, Liu G Q, et al. Effect of freeze-thaw cycles on

Inoko Y. Size-exclusion chromatography

the molecular weight and size distribution of gluten [J]. Food
Research International, 2013, 53 (1): 409-416

Schmidt P W. Small-angle scattering studies of disordered,
porous and fractal systems [J]. Journal
Crystallography, 1991, 24 (5): 414-435

Neves S, Polo Fonseca C. Determination of fractal dimension

of Applied

of polyaniline composites by SAXS and electrochemical
techniques [J]. Electrochemistry Communications, 2001, 3,
(1): 36-43

Jin K'S, KimD Y, Rho Y, et al. Solution structures of RseA
and its complex with RseB [J]. Journal of Synchrotron
Radiation, 2008, 15 (3): 219-222

Kathuria S V, Kayatekin C, Barrea R, et al. Microsecond
barrier-limited chain collapse observed by Time-Resolved
FRET and SAXS [J]. Journal of Molecular Biology, 2014,
426 (9): 1980-1994

Ribotta P, Len A, Anon M. Effect of freezing and frozen
storage of doughs on bread quality [J]. Journal Of
Agricultural and Food Chemistry, 2001, 49 (2): 913-918
Zounis S, Quail K, Wootton M, et al. Studying frozen dough
structure  using  low-temperature  scanning  electron
microscopy [J]. Journal of Cereal Science, 2002, 35, (2): 135-
147

Zhao L, Li L, Liu G Q, et al. Effect of frozen storage on
molecular weight, size distribution and conformation of
gluten by SAXS and SEC-MALLS [J]. Molecules, 2012, 17
(6): 7169-7182

Schaefer D W, Keefer K D. Structure of random porous
materials: silica aerogel [J]. Physical Review Letters, 1986,

99



MK EEBHE Modern Food Science and Technology 2016, Vol.32, No.1

56 (20): 2199-2202

100



