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This article has reviewed the research progress on the effects of superheated steam treatment on the
properties of grain components, edible quality, and storage characteristics. Superheated steam treatment can
promote the breaking of disulfide bonds in proteins, altering their conformation, increasing disorder, and
enhancing random coil structures. Moreover, the gluten protein network structure can be changed more loose
by this treatment, thereby affecting the elasticity and extensibility of the dough. The crystalline structure
within starch was also destroyed by superheated steam treatment, promoting the dissolution and swelling of
starch molecular chains, causing partial gelatinization of starch, and thus affecting the swelling power and
peak viscosity of starch granules. During the treatment process, the presence of an oxygen-free environment
helped slow down oxidation reactions and reduce the loss of bioactive substances. The cooking time of grains
can be shortened and the production of unpleasant odors can be effectively reduced by superheated steam
treatment with high temperature and high permeability. This review also explored the application research of
superheated steam technology in inactivating enzyme and grain-related oxidases, and improving the
sterilization ability and storage quality of grains. This may provide references for further exploration of the
application of superheated steam technology in the field of grain processing in the future.

Key words: superheated steam treatment; cereal; component properties; edible quality; storage characteristics
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Table 1 Effect of superheated steam on properties of grain components
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Table 2 Effect of superheated steam on cooking and eating quality of grain
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Table 3 Effects of superheated steam on grain storage performance
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Fig.1 Schematic diagram of microbial inactivation
caused by superheated steam treatment

A

4 ZHY

T FRZEIREARAEAS W7 b T A5 18 T
FARTE T AW s ORI A, R DR R
BRI o AP AL B 5 2 EUE H R AR TR
MTTERAE 3 R IA &2, ol o e ik R LAt &
AR, 3Ah, i FAZEIR AL BT AT W v Y T A A
F A A AR (ARAANHL ), S0 1 AT A e A i
P, 28 TR I TR SR Y A R R
TR PR 235 [R5 M) T oy TORL OO 45 ¥ ) 22 1
N REf . MR S, RETS L UUE R Y
VEBT B BEALRRPE O3 R R BRI G A =2 ] A
HAEHT, BHARRTEPE D TR0 I . ME TSR
AT 2, i RFIRAE PRAE S 7 A B R A XU
IRFF P CEE RSN, A R 2% 4 P s i
], SRR T, Ak, d R B E
T AT A BOK 3 X R R A SR IR B, SE A
YR A

FEAR KM, AT DU S G DL LA
17, PABE— 2540 A A i AR BOR A £ i
TAWRI NI (1) diaaahirtk, g ias
TREORE R I T AU B, SRR
PREE T B BRSSO T A BT AT RE s (2) K

iy

HEHHASCARRE S, W R 17RO R A 4
AR GRS R G TR, S AR
AREIPEH, FOIRA—FOARI R RYE, S m 8 i
TR AR (3) B REA & I 4% il B AR Y
Tk, XEEERIYGIA, B TERT A TR AR
1, B EAERIN T2, DA 8 w2 77 R0 |
PR R MR GRE N (4) S5l AR R
G, T A et 2 IR i R A B A
Se3 RAEH AT, sk GEFEILRE BT T, T
Or AR I R T RE AR

SE WK

(1] AR, ¥5 P AR IR TRl S5 UM bk TR HL
I [D]. ME: MM R, 2016.

ZOU J F. Sludge superheated steam stirring drying test and
design of double shaft paddle stirring dryer[D]. Nanchang:
Nanchang Hangkong University, 2016.

[2] MM, 1B 8K, Brg:, 4. A PORIBT A B AT
PN E[T]. S R Tl 2022, 48(16): 297-304.
CHU Q Q, REN G Y, DUAN X, et al. Application comparison of
superheated steam and hot air drying in food field[J]. Food and
Fermentation Industry, 2022, 48(16): 297-304.

3] BB, KREH, RN, & i PGRERTER RN T
NIRRT B S R T, 2023, 49(4): 335-344.
WEI S F, ZHU K H, PI D K, et al. Research progress on
application of superheated steam technology in food processing
[J]. Food and Fermentation Industry, 2023, 49(4): 335-344.

[4] CHRENKOVA M, FORMELOVA Z, CERESNAKOVA Z, et al.
Rumen undegradable protein (RUP) and its intestinal digestibility
after steam flaking of cereal grains[J]. Czech Journal of Animal
Science, 2018, 63160-63166.

[5] CHONG W K, MAH S Y, EASA A M, et al. Thermal inactivation
of lipoxygenase in soya bean using superheated steam to produce
low beany flavour soya milk[J]. Journal of Food Science and
Technology, 2019, 56(9): 4371-4379.

[6] LIUY X, LIMM, GUAN E Q, et al. Modification of soft wheat
protein for improving cake quality by superheated steam
treatment of wheat grain[J]. Foods, 2023, 12(16): 2992.

[7] HUY M, WANG LJ, ZHU H, et al. Superheated steam treatment
improved flour qualities of wheat in suitable conditions[J]. Journal
of Food Processing and Preservation, 2017, 41(6): 13238.

[8] MA Y, XU D, SANG S, et al. Effect of superheated steam
treatment on the structural and digestible properties of wheat
flour[J]. Food Hydrocolloids, 2021, 112106362.

[9] JITTANIT W, ANGKAEW K. Effect of superheated-steam

drying compared to conventional parboiling on chalkiness, head

128



3335 2025F F£3H

?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

RENT

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

rice yield and quality of chalky rice kernels[J]. Journal of Stored
Products Research, 2020, 87: 101627.

MA Y S, SANG S Y, XU D, et al. The contribution of
superheated steam treatment of wheat flour to the cake quality
[J]. LWT, 2021, 141: 110958.

WANG S J, WANG S K, LIU L, et al. Structural orders of wheat
starch do not determine the in vitro enzymatic digestibility[J].
Journal of Agricultural and Food Chemistry, 2017, 65(8):
1697-1706.

i M. A ARG IR AL SRRV KA G5 H R B 1Y S SR (D).
M MR, 2024,

GAO F. Study on the effect of superheated steam treatment on
the structure and properties of sand rice noodles[D]. Yangzhou:
Yangzhou University, 2024.

SRIEBE. 72058 A B oK K JFG 3 285 % 1 7 i B9 T 4 Rt JBRJT 5
[D]. MiE: MRS, 2023.

ZAHNG Y Q. Development and quality research of stabilized
black rice and its solid-state fermentation products[D].
Nanchang: Nanchang University, 2023.

ZHONG C P, XIONG Y, LU H X, et al. Preparation and
characterization of rice starch citrates by superheated steam: a
new strategy of producing resistant starch[J]. LWT-Food Science
and Technology, 2022, 154: 112890.

AP, e, AENISE, S SIS P Ak v R e
FHRSMEACHER AL, R A, 2022, 22(9): 170-177.
SHENG Q H, LONG J L, LI P L, et al. The effect of heat
treatment on the physicochemical properties of grain flour and
the in vitro digestibility of starch[J]. Journal of Chinese Institute
of Food Science and Technology, 2022, 22(9): 170-177.

MA Y S, ZHANG H, JIN Y M, et al. Impact of superheated
steam on the moisture transfer, structural characteristics and
rheological properties of wheat starch[J]. Food Hydrocolloids,
2022, 122: 107089.

HU Y M, WANG L J, LI Z G. Superheated steam treatment on
wheat bran: enzymes inactivation and nutritional attributes
retention[J]. LWT-Food Science and Technology, 2018, 91:
446-452.

WANG L J, WANG L B, QIU J, et al. Effects of superheated
steam processing on common buckwheat grains: lipase
inactivation and its association with lipidomics profile during
storage[J]. Journal of Cereal Science, 2020, 95: 103057.

DUAN H, PAN J N, GUO M, et al. Dietary strategies with
anti-aging potential: dietary patterns and supplements[J]. Food
Research International, 2022, 158: 111501.

DUECK C, CENKOWSKI S, IZYDORCZYK M 8. Effects of
drying methods (hot air, microwave, and superheated steam) on
physicochemical and nutritional properties of bulgur prepared
from high-amylose and waxy hull-less barley[J]. Cereal Chemistry,
2020, 97(2): 483-495.

JABIR K, ZAHOOR M K, YULIN M, et al. Overview of the

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

composition of whole grains’ phenolic acids and dietary fibre
and their effect on chronic non-communicable diseases[J].
International Journal of Environmental Research and Public
Health, 2022, 19(5): 3042-3042.

MILLER H E, RILHOF F, MARART L, et al. Antioxidant
content of whole grain breakfast cereals, fruits and vegetables[J].
Journal of the American College of Nutrition, 2000, 19(3 Suppl):
312S-319S.

WU J Y, MCCLEMENTS D J, CHEN J, et al. Improvement in
nutritional attributes of rice using superheated steam processing
[J]. Journal of Functional Foods, 2016, 24: 338-350.

AR, VERRE, TRVERE, AF. i IAGRTRAR TN Bk R
FeHo AL TE R 0], B AT e BRI A= 4, 2021,
12(9): 3598-3605.

YE G D, WANG L P, SHEN W Y, et al. Effects of superheated
steam treatment on phenolics and antioxidant activity of bran[J].
Journal of Food Safety and Quality, 2021, 12(9): 3598-3605.
SR, AR, ATEENE, S5 o SRS R Bk
BRAYRENET]. iS5 & BT, 2021, 47(11): 89-97.

WU X J, FAN H W, FU G M, et al. The effect of superheated
steam treatment on the physicochemical properties of tartary
buckwheat flour[J]. Food and Fermentation Industries, 2021,
47(11): 89-97.

WAN F C, FENG CF, LUO K Y, et al. Effect of steam explosion
on phenolics and antioxidant activity in plants: a review[J].
Trends in Food Science & Technology, 2022, 124: 13-24.

DAS G, SHARMA A, SARKAR P K. Conventional and
emerging processing techniques for the post-harvest reduction of
antinutrients in edible legumes[J]. Applied Food Research, 2022,
2(1): 100112.

WEF, B, LR A YRR N X HAE IR
B[], A=94L T, 2020, 6(2): 147-151+160.

GUO X P, ZENG S R, WANG Y C. Effects of primary
processing of cereals and beans on their nutritional quality[J].
Biological Chemical Engineering, 2020, 6(2): 147-151+160.
MANIKPURI S, KHETO A, SEHRAWAT R, et al. How
superheated steam treatment modifies the physicochemical,
functional, nutritional, and anti-nutritional attributes: a case
study on guar bean flour[J]. Innovative Food Science and
Emerging Technologies, 2023, 88: 103422.

HATSUHO T, MIDORI A, YOSHIHIRO S, et al. Reducing the
undesirable odor of barley by cooking with superheated
steam[J]. Journal of Food Science and Technology, 2019, 56(10):
4732-4741.

Ve, 2R, B HUE | ZRIVEBERIET R I 2 A Xk
AEBRAYSENAL]. B, 2020, 41(20): 263-269.

ZHOU Y, LI L, LV Y. The effects of baking, steam heat
treatment, and extrusion puffing on the flavor and bitterness of
quinoa[J]. Food Science, 2020, 41(20): 263-269.

CAO X H, ISLAM M N, NING X, et al. Effects of superheated

129



BRSNS
FRENLT ﬁm 533 % 2025 535

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

steam processing on the physicochemical properties of sea rice
bran[J]. Food Science and Technology International = Cienciay
Tecnologia De Los Alimentos Internacional, 2021, 29(2):
10820132211062711.

CHINNATAT P, NANTAWAN T, WANNASAWAT R. Effect of
precooking and superheated steam treatment on quality of black
glutinous rice[J]. Journal of Food Quality, 2018, 2018: 1-9.

HU Y Q, TANG Q Y, SUN Y, et al. Comparative study on
physicochemical, nutritional and cooking properties of different
pigmented dehusked rice varieties influenced by superheated
steam treatment[J]. Journal of Cereal Science, 2024, 117: 103934.
WU J Y, MCCLEMENTS D J, CHEN J, et al. Improvement in
storage stability of lightly milled rice using superheated steam
processing[J]. Journal of Cereal Science, 2016, 71: 130-137.
ZHANG X R, ZUO Z Y, ZHANG X X, et al. Pre-gelatinization
phenomenon and protein structural changes in rice quality
modification by superheated steam treatment[J]. Food Bioscience,
2024, 59: 103989.

SHI S J, WANG E T, LI C X, et al. Use of protein content,
amylose content, and RVA parameters to evaluate the taste
quality of rice[J]. Frontiers in Nutrition, 2022, 8.

ZHOU C G, LI B, YANG W L, et al. A comprehensive study on
the influence of superheated steam treatment on lipolytic
enzymes, physicochemical characteristics, and volatile composition
of lightly milled rice[J]. Foods, 2024, 13(2): 240.

POUDEL R, ROSE D J. Changes in enzymatic activities and
functionality of whole wheat flour due to steaming of wheat
kernels[J]. Food Chemistry, 2018, 263: 315-320.

GUO X N, WU S H, ZHU K X. Effect of superheated steam
treatment on quality characteristics of whole wheat flour and
storage stability of semi-dried whole wheat noodle[J]. Food
Chemistry, 2020, 322(C): 126738.

WU JY, CHEN J, LIU W, et al. Selective peroxidase inactivation
of lightly milled rice by superheated steam[J]. Journal of Cereal
Science, 2014, 60(3): 623-630.

WU C, GAO F, JIA J, et al. Effect of superheated steam treatment
on enzyme inactivation, morphostructural, physicochemical and
digestion properties of sand rice (Agriophyllum squarrosum)
flour[J]. Food Chemistry, 2024, 450: 139336.

DENG L Z, SUTAR P P, MUJUMDAR A S, et al. Thermal
decontamination technologies for microorganisms and mycotoxins
in low-moisture foods[J]. Annual Review of Food Science and
Technology, 2020, 12: 287-305.

HU Y M, NIE W, HU X Z, et al. Microbial decontamination of
wheat grain with superheated steam[J]. Food Control, 2016, 62:
264-269.

WANG H R, WANG L L, TONG LT, et al. Effect of superheated
steam inactivation on naturally existent microorganisms and
enzymes of highland barley[J]. International Journal of Food

Science & Technology, 2019, 54(8): 2570-2577. &

FiE: AR AAE TR MWATIERM (http:/lyspkj.ijournal.en ), H
FERIR . T30 4 AR AR P R R




