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Fig.1 Changes in oil absorption rate under different freeze—thaw cycles and ultrasonic power
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BERAE | Dy Dsy Doy F1 Dy 5 ¥1 75 T MBS Hl FT-
MBS, X AJ fe S K ki s Ak 2 2 3 2o 25 A AR T R

TR VE 0 43T, B8 03 #s v /N JOURE 1) 5 i i L il ot
B2, TS T K F BB 8 B2 /N
3 U 5 AT A 2 AR ISR 43 5 T K B K
ST, BRRARER R AR, 5
U-FT-MBS #H Lt , MBS [ RLAR 3N A 8RR
TR 331G 0T 55 90 ) v AR S TG T R
RE A7 T LN T A IOR 14 2 B A B R X AT RE
P ETOR A B, DI T K 2o B P i i &2
M, Zhang 5527 FH R 75 25 A U5 il Ak 2476 25 (R
T E K TE M, U R UKL I K AR B I, 454
WEUE SRR —3, B, U-FT-MBS W 32
() AR AT RE T ok AL BREE I T HORI AR, R T
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Table 1 Effect of different modification methods on the particle size of mung bean starch

ok kA b & A/ (mYkg) D\y/pm Dsy/pm Do/ pm D, 3/pm
MBS 213.60 £ 0.57° 10.28 + 0.04" 18.78 £ 0.15" 29.64 +0.37¢ 20.79 +0.17"
FT-MBS 197.13 + 0.45% 12.89 = 0.02* 24.81 = 0.24* 48.14 + 0.26" 27.86 = 0.24*
U-FT-MBS 178.01 + 0.29" 14.48 + 0.03* 28.96 + 0.08* 65.27 + 0.35* 33.05 +0.19*

T AN /NG 5 8 3R TR 51 8 22 57 4 35 (P<0.05) .

232 ASFRIMCIE Ty 1 o 4 L TE b fi £ ) 5 T
22 fil Ay S Wl T AR A A SR T B R W
A3 AT UE K3 2 1T W R AR 1 R R OISR ik
AR R /N T B2 B T T AH 5 0 R B i 22 [ A A
VEH . 13 55 v by 2 T A s f AN 181 3 T A
I EE 3 R <90°, T B TE M HAT KR EIR M, R AL
MBS % il f o~ 18.3°, I s S A9 10 422 ok £ 384 o 3]
21.3°(FT-MBS) i1 27.5°(U-FT-MBS) , Zhu 5>
% & IUREURE B 10 14 Jn AT BEAS R T Ao e, B
FELE R W U-FT-MBS H AH X &5 0 32 f #f L 3 ]
fEJE T4l & AbH 5 MBS B9 2 T kL RS B2 AR X 4
R AT I 7 U oy 2R AT AT 2k A A 1S
TIE B Ak 3 Ry 19 55 i P A

233 R[EHE A GG IEM S H
T - AR 0 21 4h (Fourier transform infrared , FT-IR)
S 2 — Bl R TP A A UE A A5 A A o AT T
FT-MBS 1 U-FT-MBS Z5#578 L anfel 4 i, 5
AR MBS # Lb , FT-MBS il U-FT-MBS 1% W Wit 1
BeAT B S A I RS, TS AT I A R A e R
AN FEAE WS A G, 3R BH R ml R 7l B V4R

(a)MBS(18.3+0.12)°

(b)FT-MBS(21.3+0.23)°

P —

(¢)U-FT-MBS(27.5+0.15)°

E3 ARGEBAZEREHSHMBEMA

Fig.3 Contact angle between mung bean starch

and oil in different treatment groups
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Ml U-FT-MBS 7£ W I 04 2 928 em™ &b i JiF A
2 928 cm™ XJ I T Z2 4 H 3L 9 Fir 4R 3l (CHL)
X 5 VE M R R A OB ] FT-MBS F U-
FT-MBS 9 2E JEHEFEL, 1047 em™ F1 1 022 em™
A Ry W AT e 25 22 LU (R gumonn ) 22735 T A9 R R AT
J7 450 I AR & 51 A4 T MBS, U-FT-MBS
B R iommon B 1.139 38 M%) 1.170, X T e & h
TR BE R TS RGN T A R Ak, Bl b3
B AP W A8 W (DO T8 - T Ny N3
S5 RRU]U-FT &b ¥ ek 2% 7 MBS 19508 A 1y 45
49,995 em™ &b WSO 11 58 3 26w o3 7 h AU B
B WU ) B R AE 1022 em™ A1 995 em™ Ak
(R 105 ) FRFRTE D FIIK J3 - Z 8] (1) AH BLAE 2, U=
FT-MBS (1.174)R 10005 M AE 175 T MBS (1.164) , it
B U-FT kb BE A MBS 57K 4 F 18] A9 /5 FH g 4855
WK BE 13N, X 5 2 b A R —E, 2 L, U~
FT A F ek A2 T CH, (9 W W ige s B2, 3958 1 MBS
HUK G FZ BRI EAER, S8 T 3R R A
P45 A8, NITTREAIR T MBS A9 I i 44

234 AIRIECHE Jr ok G Ry 46 v R B R
W RS M e ak SLTE K AR A Y A 1 A2 Ak
TG00, Ve Ry FIECPETE R TE 15°F0 23° 8 A7 ¥ R
AN FE 1701 18°40 (/s AHAR JE 16, X 2 A Y
SR YRR AR, FT F U=FT &b 3 34 5 A 20728 B #
By, AN RAE A BUEERE o AR VE Ry 1Y 4G i R
(Relative crystallinity, RC) &4 7T & &4k  FT-
MBS il U-FT-MBS ) A X} 45 & BE 533l A 30.81%
1 27.88% ik T MBS (34.42%) , 45 % B 0 A% 32
B RIRA PRI OC, X2 S BUEN T
W B a3 iyl K 2 — . FT-MBS 1 RC A, 52
HY T KR A E 9 UK O 78 ¥ R o A2 OB vk i
SR it 5 K & TR BT B B, 5 3500 ) 1
W LN AR HE S | 4 X AR S JE e TR X Al
FFUEM RIS A T RER, 5 FT AR BRE5 RAH L, U-
FT-MBS 11 RC {H /N, i 5 H 5 A M S H50E 2
B K 43 FE A TE R TR O, 580N ] Y 45 A
FEAIARAE , AT ECAS T MBS 11 35 J5 0 B %
2.3.5  N[AIESCHE T ik X 4  UE M FAVRE M 1 5
R T E B Ak B S T R AP RE 0 2 i, X
FE i MBS .FT-MBS F1 U-FT-MBS ) #4550 k47
AT (UL 6) . TE R L i I K R 43 2401 B0

i Iged
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Fig.4 Transform infrared spectroscopy of mung bean

starch with different treatment groups
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Fig.5 XRD patterns of mung bean starch

from different treatment groups
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Fig.6 DSC spectra of mung bean starch from different treatment groups
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Fig.7 Scanning electron microscopy images of starch from different treatment groups
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Effect of Ultrasound—Assisted Freeze—Thaw Treatment on the Oil Absorption Rate
and Structural Characteristics of Mung Bean Starch

LIU Xin', MIAO Xue', CHEN Hongsheng', DIAO Jingjing”, LI Meigqi'
(“College of Food Science, Heilongjiang Bayi Agricultural University, Daqing 163319, Heilongjiang
*National Coarse Cereals Engineering Research Center, Heilongjiang Bayi Agricultural University, Daqing 163319,
Heilongjiang)

Abstract In order to reduce the oil absorption of mung bean starch (MBS) on the basis of maintaining its crispy char-
acteristics, this paper used mung bean starch (MBS) as raw material to investigate the effects of freeze—thawed (FT)
and ultrasonically-assisted freeze—thawed (U-FT) treatments on the effects of freeze—thawed (FT) and ultrasonic—assisted
freeze—thawed (U-FT) treatments on the oil-absorption characteristics and structural properties of mung bean starch. The
influence of ultrasound-assisted freeze—thawed treatment on the changes of oil absorption and structural properties of MBS
was evaluated by analyzing the oil absorption rate, adsorption properties, particle size distribution, contact angle, func-
tional groups, crystalline properties, thermal properties and microstructure. The results showed that both FT-MBS and U-
FT-MBS decreased the oil absorption of starch, in which ultrasonic power of 180 W and two freeze—thaw cycles resulted
in a significant decrease in the oil absorption of MBS (P<0.05) and a remarkable increase in the water absorption of
starch  (P<0.05). And the total oil adsorption rate of MBS obtained from both treatments reduced by 5.51% and 10.25%
respectively in starch—oil simulated frying system compared to the original starch. The results of structural characterization
revealed that FT-MBS had a rough surface and a denser structure; U-FT-MBS particles had larger and irregular shapes,
and the changes in the moiety and rough surface altered the starch’s oleophobicity. The two treatments resulted in a de-
crease in the specific surface area of the MBS particles and an enlarged average particle size, which resulted in an in-
crease in the oleophobicity of the starch granules and a decrease in the degree of crystallinity by 3.61% and 6.54%, re-
spectively. Taken together, the modified treatments reduced the oil absorption of MBS before and after frying. A signifi-
cant reduction in oil absorption was observed for U-FT-MBS, which was attributed to the fact that this treatment en-
hanced the interaction between MBS and water molecules, altered the short-range ordered structure of starch, delayed
the pasting process, and reduced the decomposition of the starch structure during deep-frying, which in turn inhibited
the penetration of oil.

Keywords mung bean starch; freeze —thaw treatment; ultrasonic assisted freeze —thaw treatment; oil absorption rate;

structural characteristics



