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Retrogradation Behavior and Molecular Mechanism of
Starch under High Moisture Content
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Tianjin 300457, China; 2. State Key Laboratory of Food Nutrition and Safety,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: For the first time, the retrogradation behavior of starch during storage under high moisture content
was studied from the perspective of short-range ordering of gelled starch. The study found that under high
moisture content, the formation of crystal structure was not detected in short-term (1 day) retrogradation, but
the short-range ordered structure of amorphous gelled starch increased. By extending the retrogradation time

to 7 days, the starch formed an obvious crystal structure. After further extending the retrogradation time, the

W EE: 2024-01-05

E&UH: EKAMRPESE (32030084)

Supported by: National Natural Science Foundation of China ( No. 32030084 )

EESE N TBE, B, 1978 4F A, W, #dg, ®5REIEE, TR MRS 558, B-mail: siwang@tust.edu.cn. A&
T8 A VAN 44 PCT-10




’ IHERTEE

$£32%5 2024 F F2H

degree of starch retrogradation increased. Low-field nuclear magnetic resonance (LF-NMR) and magnetic

resonance imaging (MRI) analysis results indicated that free water was separated from the high moisture

content starch gel during the retrogradation process. From the above studies and other results, at high

moisture content, gelatinized starch cannot form a crystal structure during short-term storage, but its

short-range order increased. As the regeneration time increased, the crystal structure could be formed.

Key words: short-range order; gelatinized wheat starch; retrogradation; crystal structure; water mobility
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Table 1 Degree of short-range order in gelatinized
starch and retrograded starch for 1 day %

T WS-70 WS-75 WS-80 WS-85 WS-90 WS-95
BERALTERY 387 38.0 352 323 306 29.6
M4 1 KRUEH 403 397  37.0 348 322 314
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Fig.1 DSC curves of retrograded wheat starch samples
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Table 2 Thermal properties of retrograded wheat starch samples
FE i T,/°C T,/°C T./°C AH/ (J/g) FE i T,/°C T,/°C T./°C AH/ (J/g)
mA 1R Bl 4= 14 K
WS-70-1d ND ND ND ND WS-70-14d  42.9+0.6ab 50.9+1.0a  61.8£0.5a  3.4+0.1d
WS-75-1d ND ND ND ND WS-75-14d  44.1+12b 52.3+1.8ab 62.7+0.2a  1.90.1c
WS-80-1d ND ND ND ND WS-80-14d  42.0£0.9a 52.5+0.2ab  62.8+0.8a  1.3%0.2b
WS-85-1d ND ND ND ND WS-85-14d  42.2+0.5a  53.7+1.0b  62.3£0.7a  1.0£0.1a
WS-90-1d ND ND ND ND WS-90-14d ND ND ND ND
WS-95-1d ND ND ND ND WS-95-14d ND ND ND ND
A 7 K [\ A 21 K
WS-70-7d  41.5+03a  50.840.6a  62.0%0.1a  1.7+0.2b WS-70-21d  42.120.3a  51.3%02a  61.9+0.3a  3.8+0.le
WS-75-7d  42.540.5ab  52.6+1.1b  64.0£0.7b  1.3+0.3b WS-75-21d  43.2+0.4ab  51.941.0a  62.1£0.2a  2.7+0.1d
WS-80-7d  42.7+0.6b  53.5+0.8b 63.0+l.1ab  0.7+0.la WS-80-21d  44.7+1.2b  53.5£1.3b  63.4+l.1a  1.620.1c
WS-85-7d ND ND ND ND WS-85-21d  44.5+1.0b  53.6£0.4b  62.7l.1a  1.240.1b
WS-90-7d ND ND ND ND WS-90-21d  44.4+1.1b  53.940.5b  62.3£0.9a  0.8%0.3a
WS-95-7d ND ND ND ND WS-95-21d ND ND ND ND
. ND (not detected): A E|,
80000 - 80000
70000 @ 70000 ®)
WS-70-1d RC=10.2% WS-70-7d
60000 F 60000
WS-75-1d RC=7.8% S-75-7d
50000 WS.80.1d i 50000
oE -80- o —6 6° -80-
= 40000 2 40000 [ R85 WS-80-7d
WS-85-1d _
£ 20000 A 2 30000 [ RC=5.7% WS-85-7d
20000 - WS-90-1d 54000 | RC=3.2% WS-90-7d
10000 - WS-95-1d 10000 F RC=1.8% WS-95-7d
05 10 15 20 25 30 35 0 10 15 20 25 30 35
Tt A EE260 gt fBE20
80000 80000 -
© @
70000 [ RC=12.6% WS-70-14d 70000 RC=13.9% WS-70-21d
60000 575140 00007 Re—9.79 WS-75-21d
# 50000 2 50000 F
ey RC=7.7% WS-80-14d RC=9.5% WS-80-21d
a.é 40000 E 40000
4 RC=7.2% 85-14d 8.6 ™
& 20000 | o Ws-85-144 & [ RC=8.6% WS-85-21d
20000 | RC=5-2% WS-90-14d 50000 [ RC=5.7% WS-90-21d
10000 | RC=4.8% WS-95-14d 10000 | RC=5.3% WS-95-21d
1 1 1 1 1 ] 0 1 1 1 1 1 1
05 10 15 20 25 30 35 5 10 15 20 25 30 35
gt fa 20 gt F 20

W (a) WA 1 RFER G (b) BIAE 7 REES; (c) M4 14 RAEERY; (d) W4 21 REES . RC RS M,

Note: (a) Retrogradation for 1 day; (b) Retrogradation for 7 days; (c¢) Retrogradation for 14 days; (d) Retrogradation for 21 days. RC:
relative crystallinity.
B2 MEAENMEESFERE XRD Bk
Fig. 2 XRD curves of retrograded wheat starch samples
MIVERIRE G AE 7 RIS I A SR B S AR B, TN
KA N 90% T 95% HIAE ity [1] A U AH XS 504 5 itk —
A0 Ut R I AR TE 3 (0 S R T MRS, AR T
TERY Y 1A
TEARIR K 0 &/ R, Bl 1A i [R] A SE 4, (o]

14 KiF, SKEN 70%~85%MFEMAE 17°, 20°
220 (260) BYAT SIS 0 0E 2B, (&K E
K 90% I 95% [IAF: ity H M0 MR B A v o A BT T] Sy
21 RXF MU JER X-S AT 5 RS R 2 & R 19 52
Mel B SR/ o DL B SIREH, EBOKE R 70%~85%




BFHOEE

iRl
4] (1]

$£32%5 2024 F F2H

A E A 0 2 B K, SR AR B TR
TE R 1 [ A R
24 EEEMHEEERE

P EIETE 480 cm ™' Ab YK 4 SEE ML AME
TELE 1047 cm ™' F 1022 em ' WG FU A AT L
B A R R, 2 3 Rk 4 451
S LA A RE LSO AR 480 om AR A 20 B
(ERILLAMEIETE 1 047/1 022 em ' Ab RIS [
B HFAE 1 RIS (] P AR v o A T8
B AR AR ZE AL, R e L AR A e SR P A A
(=l b A T B R AR A T 1 1 A R A T
mFE 1 PR, gk 1 REA, @ 0aRa )y
PER BT B, R WA P ] A AR X B
Ar AR ZEAL , AER AT DUR G A T 458 o BlK 53
SRR, 1A A SR AP B OGS AE 480 cm ! 4b
(R0 S BN, TTZTAMEIETE 1047/1 022 cm™
A AR B BB T T AR AT o X S8 b 3 BH i 5 7K
SrovyGin, BERCALTERY HARA PR, WM
(R AR . TEMIRIK S &8, Rl [P
BFRAYZE R, [0 Sk 2 e AE 480 em ' Ak
el i E BT RAR, MLLANETELE 1 047 cm ' Al
1022 em ™" AW FBE HE AR 32 37 08 i, 266 WA i 7k i)
i AU Va S Y =

F3 EENERHH BRI 480 om™ AbEOFIE T

Table 3 The FWHM of the Raman band at 480 cm™ of
retrograded wheat starch samples

FE i EEPS [Bl 4 14 K B4 21 K
WS-70 13.78+0.10a  13.23+0.08a 12.86+0.28a
WS-75 14.05£0.36a  13.41+0.04a 13.14+0.30ab
WS-80 14.31£0.35ab  13.83£0.08b  13.54+0.13bc
WS-85 14.86£0.08bc  14.120.04c 14.00+0.10cd
WS-90 15.16+0.16¢ 14.68£0.01d  14.29+0.08de
WS-95 15.38+0.18¢ 14.81£0.14d  14.510.08¢

R4 EENZEBLMKILE 1047/1 022em™ SRR ELLE
Table 4 The ratios of FTIR absorbances at 1 047/1 022 cm™' of
retrograded wheat starch samples

FE i [EEN A4 14 K 4 21 R

WS-70 0.860+0.006¢ 0.916+0.009¢ 1.001+0.015¢
WS-75 0.831+0.008d 0.889+0.013de  0.964+0.002b
WS-80 0.792+0.009¢ 0.867+0.015cd  0.931+0.012b
WS-85 0.751+0.004b 0.836+0.013bc ~ 0.892+0.022a
WS-90 0.734+0.001a 0.809+0.012ab ~ 0.875+0.013a

WS-95 0.723+0.005a 0.781+0.018a 0.856+0.018a
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Fig.3 The relaxation time (T2) of retrograded starch gel
under different retrogradation time

s AHE] T21 Al T22 ( A G )
AR LB AN R 5 Fos o FEMIZERT, JEM B
JBE B4 A I i U — AN, T21 Bl K R3S
3G, X 55y RO A Y T2 (HES R —3.
TERIZE S 1K, WS-90-1d Al WS-95-1d HGi%
Gy PR, X R R AL ] A i AR R K o
R TERE R A B KT P, WS-95-1d K
A22 {64 39.4%, KT WS-90-1d 1) 1.47%,
B A 1 RIEHTH TR H K. AR AE
551 KA T21 {EHKT 0 KT (A, FRHRI A
A REUE MBS D45 AR Tl AR 55 . 7 1A=
55 7 K, WS-80-7d Fl WS-85-7d -t [a] i 46 i 5]
P, R Il AR e by BE I rh T B T /b A K
AT, S7KER 80%~95%FKE I A21 {5 Tk,
M A22 {3, FRBALE R AT R b [ K e AR W
MM o IR A R RE K 21 KA, A RER Y
T21., T22 Fl A21 {E¥ R NS, 1 A22 HiE
Regha Rfas, FREE R, SKEHR 70%H
75% I VE R 8 S Hh 45 K 1A A SR AE I A e R v
W, EEKA AR (=75%) F, BRT456K
AT BIPEIR S5 Hh , BERE T K i 2 R B A
P 7K AE [ Az o R AN T 2 5 1 ok




325 2024 FE2 8

?ﬁ IR

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

BHEE

800 800 700
(@) ws-70-04 (®) —ws-70-14 (©)—_ws-707d
ol = WS-75-0d 500 —Ws7s-1d 600 " ws75:7d
1w 600}  — WS-80-0d g 6008 —WS-80-1 500 — ws-85.7d
r T Weoo0d ! —wsoold Z — WS90-7d
[I]I’ 4001 — WS-95-0d 1> 4001 — WS-95-1d ﬁ 400 — WS-95-7d
& i 41300
200} 200} 200
100
0 - . : 0 : ' 0
1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000
SR ] /ms SBR[l /ms R AT E]/ms
700 600
() (©)__ys.70-
600 |~ ws-70-144 500 —wersald
mE 500 — WS-75-14d 1 — WS-80-21d
= — WS-80-14d =400} —ws-8521d
% 400 | :wz:ggﬁg i —WS-90-§1d
fim 300 [ — Ws-95-14d EE:*OO o Wses2ld
200 200}
100 100
0 . . 0 .
1 10 100 1000 10000 1 10 100 1000 10000
SR [E] /ms SR [H]/ms

TE: (a) [|lA 0 KRS (b) WA 1 KA (¢) WIAE 7 KAEGL; (d) W4 14 KAEGL; (e) [IAE 21 RAEM: .

Note: (a) Retrogradation for 0 day; (b) Retrogradation for 1 day; (c) Retrogradation for 7 days; (d) Retrogradation for 14 days; ()
Retrogradation for 21 days.
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Fig. 4 T2 spectra of the retrograded starch gels under different storage times
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Table 5 The T2 and proportion of peak areas of retrograded starch samples

10000

FE i T21/ms T22/ms A21/% A22/% FE T21/ms T22/ms A21/% A22/%

HE WAL TE # LS

WS-70-0d  75.48+1.48a ND 100+0a ND WS-70-7d  57.5+0.9a ND 100+0d ND

WS-75-0d  95.5+2.7b ND 100+0a ND WS-75-7d  78.0+1.2b ND 100+0d ND

WS-80-0d 132.0+4.3¢ ND 100+0a ND WS-80-7d 103.8+0c  2279.14222.7b  99.7+0.2d  0.3+0.2a

WS-85-0d 179.1+10.4d ND 100+0a ND WS-85-7d 144.7+0d  1971.7483.9a  98.4+0.3c  1.6+0.3b

WS-90-0d 302.7+4.8¢ ND 100+0a ND WS-90-7d 217.1+£3.5¢ 2 142.0467.8ab 95.9+0.4b  4.1+0.4c

WS-95-0d 627.6+17.4f ND 100+0a ND WS-95-7d 278.6+9.0f 1989.0+31.6a  56.1+0.8a  43.9+0.8d
DERES mlE 14 K

WS-70-1d  60.2+1.0a ND 1000c¢ ND WS-70-14d  56.4+0a ND 100+0d ND

WS-75-1d  80.9+0b ND 100+0¢ ND WS-75-14d  77.2+1.2b ND 100+0d ND

WS-80-1d  109.7+0¢ ND 100+0¢ ND WS-80-14d  95.5+0c  1427.5+60.0a  95.9+0.8c  4.1+0.2a

WS-85-1d 154.3+2.5d ND 100+0¢ ND WS-85-14d 136.9+3.8d 1772.3+34.7b  95.842.5c  4.242.5a

WS-90-1d 232.1+0.9¢ 2 881.9£207.2 98.5+0.3b  1.5+0.23 | WS-90-14d 199.8+3.2¢ 1873.2+36.7bc  91.120.9b  8.9+0.9b

WS-95-1d 314.1£8.7f  2007.8£55.6 60.6+2.1a 39.4+2.1 | WS-95-14d 256.4+4.1f 1953.2£76.5¢c  51.5xl.1a  48.5xl1.1c
FA 21 K

WS-70-21d  57.0+0.9a ND 100+0d ND

WS-75-21d  76.5+2.1b ND 100+0d ND

WS-80-21d  89.5+1.4c 1326.1+64.5a 92.9+0.3c  7.1+0.3a

WS-85-21d 127.1£2.0d 1 608.9+44.5b 92.1+2.1c  7.9+2.1a

WS-90-21d 183.9+2.9¢ 1 840.0+72.3¢c 87.8+0.6b 12.2+0.6b

WS-95-21d 235.9+3.8f 1874.7£110.0c 48.4+0.3a 51.6+0.3¢c
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Fig.5 MRI pseudo-color images of the retrograded starch gel obtained under different storage time
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