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FESEM images of wheat starch after freeze-thaw cycles
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Fig. 2 Particle size and specific surface area

of wheat starch after freeze-thaw cycles
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Fig. 3 X-ray diffraction pattern of wheat starch after freeze-thaw cycles
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Table 2 FTIR peak ratios of wheat starch

after freeze-thaw cycles
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Table 3 Solubility and swelling power of wheat starch

after freeze-thaw cycles
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Table 5 Thermodynamic properties of wheat starch

after freeze-thaw cycles

U WAFP 41
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5 11. 74+0. 30" 12. 330. 19

AR, 5 oA R Rl /N 22 R A L X A 1 S R L
(T,) WEBGI0, Wi (e B8 (7)) ML e (T,) 2
FREAR, XATRESE B R R RGP T SR VE R Y
FOFHES TP BT A Y R E I U FELE R
TR SR T B R 145 e, 30 e e e M 1 485 X 5
BT M IRLBE A T IR A A AL, I 30 T, s
SRR 7K 53 23S 17 HE A VE R FIURL A B
SRR AT 38 o SR ) 55 41T N 2R ), R s A
SEVESS A e, N2 T, A T, BRI, 5
XHERZIAEG, WAFP 40104 T, B T, W R, 7, 1 &
BN, X AT RESE R WAFP 38538 i/ 457k
i, DRCER VR R PR X JE o IR () 453473, Wl T 3 PR 5
B B BT B TE R LR I S B vE Ry
BHES , TR U By SR ESS AR 1A AL
TER R Ry 2235 i 4, I 245 i DRI S TE IX A
B BIIKS (AH ) 3228 5 F 45 &b DX 43 il 5 3R
SRR/ INZE SE R AR EL, X IR AL A AH I, X
A REETEAR ARG PR R Th Ve M o4 A=A B 4E
P T 45 S DB T B, B2 0 T VA B 45 A R (S
VERT AL B T ZEC T 2 AR 4y T VR T
LS80 AH 3800, 5% AUAH L, WAFP 410 AH
W S, X W] B — 5 T KA WAFP R4 T Sk it
KL Z AR T B S5 TO AL, DR B T 2 50
RTR LS S 454 3 53— J7 1T, WAFP 7] BEiF5 T 3E 83 43
FAE A SRR IR BUCHES B A T S5 R TR AR A e
HRTSS , NITI & TVERMIY AH,

3 4iie

ABEFE L ]/ NZETER TR I WAFP X6 L
THERARE AL R TF5E T WAFP SRR AR /N
2 VERGEAE R B AL BT 52 ), 75 240 2598 . VRl
FEIAE AR IR T 0 A3 TUREL 1) 2 1] 50 48 1k I N A 7
S5, WSIN WAFP BE8 A RS A Ok RGP0 3 e v U
RN IR A8, — 5 1, WAFP i 2 30 i vk i 2k K 5
GG AR T R R PR X B LA A5, AR T
VEMURL R I 135 8 S AR BE , 4l TR AR
M5 55— J5 T, WAFP {R971 T JE B3 9 45 45 1 F i
AIFEH e T UEM DR AL R A AR i B A
ks . AT Bl T 08008 VE M B it PR R il B



¥234 2026454 A 5541 % 452

AL BRI S U R Al 4 SR E MR A
THTIBOR R %

S 3k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

ZHANG H H, FAN H R, XU X M, et al. Deterioration
mechanisms and quality improvement methods in frozen
dough : An updated review [ J]. Trends in Food Science &
Technology ,2024 ,143 :104251.

G HRE RES, T AR Z IR g
X E A E R AR [J]. R TR, 2022,
43(24) :38-44.

MA K Y,HUANG J R,FU J J,et al. Effect of gluten and
wheat starch on the frozen storage quality of reconstituted
dough[ J]. Science and Technology of Food Industry,2022,
43(24) .38-44.

SHAN S Y,CAMPANELLA O H. The effects of freeze-thaw
cycles on the rheological properties of yeasted and non-
yeasted frozen bread doughs[ J]. Journal of Cereal Science,
2023,112:103691.

VR BREF. F BN RO A R E E R IR AR
[J].ARI k¥R (E KB FM),2025,48(7):
957-962.

CHEN N, CHEN H Q. Effect of basil seed gum on the
properties of starch in frozen dough[ J]. Journal of Hefei
University of Technology (Natural Science) ,2025,48(7) :
957-962.

TR, FEA, TR, S TRAT IR A R EE N
W ROR A A M BT B e [T]. & & L5 ,2025,46
(2).65-71.

WANG H W, LI X J,QIAO J Y, et al. Effect of flaxseed
gum on the microstructure and physicochemical properties
of starch in frozen dough[ J]. Food Science,2025,46(2) :
65-71.

ZHANG Y H,LI Z D,LU L,et al. Analysis of the sequence
characteristics of antifreeze protein [ J ]. Life, 2021, 11
(6) :520.

XIANG H, YANG X H, KE L, et al. The properties,
biotechnologies ,and applications of antifreeze proteins|J].
International Journal of Biological Macromolecules, 2020,
153.661-675.

OBADI M, XU B. Characteristics and applications of plant-
derived antifreeze proteins in frozen dough: A review[J].
International Journal of Biological Macromolecules, 2024,
255.:128202.

R BEEAEHE G AR A E G RERKTF
KRR [ D], ve /R ve AR B ok K, 2018.

GENG H Y. Effect of Alfalfa ice structure proteins on

frozen glutenin and frozen dumpling skins [ D ]. Harbin:

[10]

[(11]

[12]

Harbin University of Commerce,2018.

LIU X R,CHEN L C,CHEN L, et al. The effect of terminal
freezing and thawing on the quality of frozen dough: From
the view of water,starch,and protein properties[ J]. Foods,
2023,12(21) :3888.

HW, 20,58, 5 X BBEAERTEASKAHN &
BRI [I]. M T RFFWR(EARFZ
#R),2024,45(1) :81-89.

HUANG R,LI L,MA S, et al. Fermentation optimization and
characterization of wheat bran dietary fiber mixed with
microbes in solid state[ J ]. Journal of Henan University of
Technology (Natural Science Edition) ,2024,45(1) :81-89.
RFIE. B R R BN E A R R LR AL R
D], M . 7 ¥ Tk k% ,2024.

ZHAO G T. The mechanism and regulation of natural
fermentation on the quality of wheat starch liangpi[ D ].
Zhengzhou : Henan University of Technology,2024.

Bk AR EMGEAE RN AE R &R
WH 5 5 BLR [D]. KK B AL\ —KEKF,2025.
YIN Z. Study and application of the influence of the
structure and physicochemical properties of rice starch on
the edible quality of rice porridge [ D ]. Daqing:
Heilongjiang Bayi Agricultural University,2025.

KEM B, FRE, F. ERFTESAEXRER ZR
B B A R B ®ovm [J]. e T A4, 2024,
45(18) :80-87.

ZHANG S M, CUI Y, CHEN Z ], et al. Effects of
autoclaving treatment modifications on multi-scale
structure and physicochemical properties of yellow rice
starch[ J ]. Science and Technology of Food Industry,
2024,45(18) :80-87.

VR R R AR A o R LR R X
1K T [ D] AN AN T K 3, 2021.
XU K. Understanding the change mechanism of starch
characteristics isolated from frozen storaged dough and
their effect on steamed bread quality [ D ]. Zhengzhou:
Zhengzhou University of Light Industry,2021.

g xH, AER,E ARBERXEM T RAEEE
MR EREM ALY Fm[)]. TE Tk K
FEWR(ERFFIR) ,2022,43(3) :35-42.

MA H, LIU M, ZHENG X L, et al. Effects of freezing
temperature and antifreeze protein from Sabina chinensis

(Linn. ) Ant. cv.

physicochemical properties of frozen wheat starch [ J].

Kaizuca leaves on structure and
Journal of Henan University of Technology ( Natural
Science Edition) ,2022,43(3) :35-42.

EZmE Rk s, KT A& %
fe Nk BRRARRMERHAHENE &
T ORs B B3 . GB/T 24853—2010[ S]. 4L % . & El #r %
H R A, 2011.

General Administration of Quality Supervision, Inspection



KEF, % N TR A xR B 1A IR AR o R A A 2 Al A Y R v 49 -

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

and Quarantine of the People’s Republic of China.
General pasting method for wheat or rye flour or starch—
Using the rapid visco analyzer: GB/T 24853—2010[ S].
Beijing: Standards Press of China,2011.

RIRE AL, F R E R AN R R
Pt ey B[], AR 5 i fig ,2024,37(11) :20-26.
CHAI X Y, YAN K, JIN W P, et al. Effects of sodium
carbonate and Artemisia sphaerocephala Krasch. gum on
the physicochemical properties of wheat starch [ ] ].
Cereals & Oils,2024,37(11) .:20-26.

HONG J,LI L M, LI C P,et al. Effect of heat-moisture
treatment on physicochemical , thermal , morphological , and
structural properties of mechanically activated large A-
and small B-wheat starch granules[ J]. Journal of Food
Science,2019,84(10) :2795-2804.

TAO H,WANG P, ALI B, et al. Structural and functional
properties of wheat starch affected by multiple freezing/
thawing cycles [ J ]. Starch-Stirke, 2015, 67 ( 7/8 ) :
683-691.

TAO H, WANG P, WU F F, et al.

distribution of wheat starch granules in relation to baking

Particle size
properties of frozen dough [ J]. Carbohydrate Polymers,
2016,137:147-153.

WFH,ELL,FE,F BREM ISR TEAR
FRERNEER LR KB BETZRM[I]. BT ¥
1%,2023,38(1) :34-44.

LIN Z X,DONG H L,NIU M, et al. Changes in the protein
and starch characteristics of wet alkaline noodles during
processing and optimization on stranding after oil sprinkle
[J]. Journal of Light Industry,2023,38( 1) :34-44.

XU K, CHI C D, SHE Z Y, et al. Understanding how
starch constituent in frozen dough following freezing-
thawing treatment affected quality of steamed bread[ ] ].
Food Chemistry,2022,366:130614.

LIU M, LI J,MA H,et al. Structural and physicochemical
characteristics of wheat starch as influenced by freeze-
thawed cycles and antifreeze protein from Sabina chinensis
(Linn. ) Ant. cv. Kaizuca leaves [ J ]. Food Chemistry
(X),2023,20:100927.

IFEHE G EAM, T BmEBRALANZARAKALE]
FHRE G WNA I [T]. & RAE SR, 2009,29(5)
823-826.

WANG D J, ZENG Y, MU Y C, et al. Research on
antifreeze proteins of Dongnongdongmai 1 in high-cold
area| J |. Journal of Triticeae Crops, 2009, 29 (5):
823-826.

LIUY S,TAN L B,LI M Y,et al. In vitro digestibility,
pasting and thermal properties, and structure of cross-
linked Arenga pinnata (wurmb. ) merr. starch[ J]. Starch-
Stirke ,2023,75(1/2) :2200112.

Ed, KB, XN, B RN K T IERE MR

[31]

E AR )]. BT F4H,2022,37(3) :36-42.
WANG Y,ZHANG Y S,LIU X L, et al. Effect of heat
moisture treatment on the structural and physicochemical
properties of mung bean starch [ J ]. Journal of Light
Industry,2022,37(3) :36-42.

SU H, TU J J, ZHENG M ], et al. Effects of
oligosaccharides on particle structure, pasting and thermal
properties of wheat starch granules under different freezing
temperatures[ J |. Food Chemistry,2020,315:126209.
RIRT. R A K- R A T % R A 45 HL# A R
[D]. ¥ FH . 7 B B BK 5 ,2024.

ZHU L. W. Study on volume shrinkage mechanism of
freeze-hot air combined drying of apples[ D ]. Luoyang:
Henan University of Science and Technology,2024.
FPREEF L& & BESHREEBNEN Y
A B ()] AR A & FHE,2021,37(8) :109-118.
LU Z J, CAI F, WANG S H, et al. Comparison of
structures and physicochemical properties of pueraria
Lobata( Willd. ) Ohwi and pueraria Lobata var. thomsonii
starches[ J]. Modern Food Science and Technology,2021,
37(8) :109-118.

LIU Y F,CHEN J,LUO S J, et al. Physicochemical and
structural properties of pregelatinized starch prepared by
improved extrusion cooking technology [ J ]. Carbohydrate
Polymers,2017,175:265-272.

KR, BB 7 0 TE MR R = R R B T
WHFR[D]. Ri#EAF,2012.

ZHANG W J. Studies on the active constituents of
Epimedium koreanum Nakai andfreeze-thaw characteristics
andmicrostructure of three types of starches[ D ]. Tianjin:
Tianjin University,2012.

VAMADEVAN V, BERTOFT E. Structure-function
relationships of starch components [ J ]. Starch-Stirke,
2015,67(1/2) :55-68.

RAHABE K-, 4 2T LAFRLERLAREK
WRF R [I]. £ 5% T #H4,2024,45(7) :59-67.
SONG Y,JIA L. Z,ZHANG Y T,et al. Composition and
properties of starch from golden crown bean[ J]. Science
and Technology of Food Industry,2024,45(7) :59-67.
Lg. AANT LR E G xR D X R E AR R
D], AM T8 Tk K% ,2022.

MA H. Effect of antifreeze protein from Sabina chinensis
(Linn. ) Ant. cv. Kaizuca leaves on the physicochemical
properties of frozen wheat starch[ D]. Zhengzhou; Henan
University of Technology,2022.

FU Z Q, WANG L J, LI D, et al. Effects of partial
gelatinization on structure and thermal properties of corn
starch after spray drying [ J]. Carbohydrate Polymers,
2012,88(4) :1319-1325.

OYEYINKA S A,SINGH S,AMONSOU E O. A review on
structural , digestibility and physicochemical properties of



<50 -

¥234 2026454 A 5541 % 452

[38]

[39]

[40]

legume starch-lipid complexes[ J |. Food Chemistry,2021,
349.129165.

FEMH,EE,FHE, . BANEATERELT
EMETREXNARTRAE LS REEH[]]. &%
FH2,2025,46(19) :89-97.

WANG H W,WANG F,JIA M Y, et al. Effects of enzyme
the
structure and the quality of steamed bread made with
starch from frozen dough [ J]. Food Science, 2025, 46
(19) :89-97.

FRT HRE AES, . ARELFETRKE
MM A EE [ T]. LW R b k¥ 4R, 2015,37
(4) .725-732.

LI A P,JIANG Y X,ZHOU Y J,et al. Effects of rice bran

dietary fiber particle size and addition dosage on the

addition on evolution of starch supramolecular

pasting properties of rice starch [ J]. Acta Agriculturae
Universitatis Jiangxiensis,2015,37(4) :725-732.

. HFRAR C- AL G M o R AT £ IR R R
ety o B #F2 [ D], #M : # M k % ,2023.

GUO K. Structural characterization of C-type starch in

[41]

sweet potato root tuber and its response to soil temperature
change[ D]. Yangzhou : Yangzhou University,2023.

X A, M RAE IR AR, S i IR X KK M [ A A
[ J]. o B BOR 4R, 2023,41(5) : 136-143.
LIU W,DU B J,SUN J C, et al. Effect of trehalose on
retrogradation properties of rice starch [ J ].
Food Science and Technology,2023,41(5) :136—143.
FW,FHR, TR, E R A KA R R TA
Fp At R # [ T]. & Tk 2024 ,45(8) :222-225.
WANG L,LI S R, WANG H, et al. Research progress on

thermal properties of starch and its application in food

Journal of

processing and utilization[ J ]. The Food Industry, 2024,
45(8) :222-225.

KR, XA, & FE, % 5B 5L 40 x4 KR
FARBRRRBRKANERR[I]. & EARMF
1 ,2025,40(4) :65-74.

ZHANG J P,LI W Z,YU P L,et al. Improvement effect
and mechanism of sodium stearoyl lactate on the quality of
frozen mochi dough [ J]. Journal of the Chinese Cereals
and Oils Association,2025,40(4) .:65-74.

Effect of wheat antifreeze protein on the structure and physicochemical

properties of wheat starch during freeze-thaw cycles

ZHANG Xuan,HAN Xiaoxian, LI Li,MA Sen
College of Food Science and Engineering, Henan University of Technology ,Zhengzhou 450001, China

Abstract ; [ Objective ] This study aims to explore the effects of wheat antifreeze protein ( WAFP) on the structure
[ Methods ] Wheat starch was
short-

and physicochemical properties of wheat starch during freeze-thaw cycles.
supplemented with WAFP at a mass fraction of 0. 5%. The microstructure, particle size, crystal structure,

range order, solubility, swelling power, pasting properties, and thermodynamic properties of starch were
determined after different cycles of freeze-thaw treatment to investigate its impact on the structural and
physicochemical characteristics of starch throughout the freeze-thaw process. [ Results ] Compared with the control
group, the addition of WAFP significantly mitigated the collapse and damage on the surface of starch granules,
maintained the stability of particle size during freeze-thaw cycles, and thereby enhanced the freeze-thaw stability of
wheat starch. The incorporation of WAFP resulted in a notable reduction in starch crystallinity while an
improvement in short-range order, exerting a certain protective effect on the starch structure. Additionally, WAFP
addition led to decreased solubility, onset temperature, and peak temperature of starch, as well as elevated peak
viscosity, breakdown value, termination temperature, and gelatinization enthalpy. [ Conclusion] WAFP serves as
WAFP can effectively

preserve the structural

an effective cryoprotectant. By inhibiting the growth and recrystallization of ice crystals,
alleviate the mechanical damage imposed on wheat starch granules by freeze-thaw cycles,
integrity of starch, and ameliorate its physicochemical properties.

Key words : wheat antifreeze protein ;freeze-thaw cycle ;wheat starch ;structure ; physicochemical property

[FTAE%4E  moedd B B9



