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Recent Progress in the Application of Heat Treatment in Wheat Storage and Processing

LIU Yuanxiao, LI Mengmeng, BIAN Ke™*, GUAN Erqi, LIU Yuanfang
(School of Food Science and Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: Heat treatment is commonly used in wheat storage and processing. Proper heat treatments are beneficial to
improve the storage stability, and processing, nutritional and eating quality of wheat and flour, which is of great significance
for ensuring food safety and improving wheat quality. However, wheat quality may be influenced adversely by improper
heat treatment. The heat treatment methods commonly used in wheat processing are summarized in this paper and their
applications in killing of insect pests, sterilization, detoxification, enzymatic inactivation and quality improvement are
reviewed. Meanwhile, the negative effects of heat treatment on wheat quality and some countermeasures are proposed.
Therefore, it is necessary to comprehensively understand the changes in wheat and flour quality during heat treatment and to
study the effects of heat treatment on the final product quality. Moreover, the mechanism underlying these changes should
be explored in order to improve the heat treatment process in a targeted manner and to develop heat treatment equipment
for industrial applications to reduce the cost of heat treatment. It is desired that this review will promote the continuous
development of heat treatment technology for applications in wheat storage and processing.

Keywords: wheat; heat treatment; killing of insect pests; sterilization and detoxification; enzymatic activity; quality improvement
DOI:10.7506/spkx1002-6630-20180623-444

3RS TS2104 SCHERFR GRS : A SCE S 1002-6630 (2019) 13-0326-08
EBE W

ML e, U, NR S, AL BEAE /N AR S 0 b B ST FE R R (D], R RREE, 2019, 40(13): 326-333.
DOI:10.7506/spkx1002-6630-20180623-444.  http://www.spkx.net.cn

LIU Yuanxiao, LI Mengmeng, BIAN Ke, et al. Recent progress in the application of heat treatment in wheat storage and
processing[J]. Food Science, 2019, 40(13): 326-333. (in Chinese with English abstract) DOI:10.7506/spkx 1002-6630-20180623-444.

http://www.spkx.net.cn

Weks H#7: 2018-06-23
HEETH: AR ARARE B LI (CARS-03) 5 EFKHRFIEEEITHA AL ELSIE (U1604235) ;
T K= ZEIRAA RS 315400 H  (2017BS018)
HEAEL RN XB@EBE (1991—)  (ORCID: 0000-0002-0170-6430) , 5, w54, W7 R e TR SR,
E-mail: liuyuanxiao1991 @163.com
SEEMFEERE A TR (1960—)  (ORCID: 0000-0003-3308-5461) , 5, ##%, Wid, WFFCH7 BRI 50 TR
E-mail: kebian@163.com



XA ERA

E6mill=

2019, Vol.40, No.13 327

/N2 R T Fr G R OB, AR/ RS n T
b E R IO L L. FEAR SRt /N 2 A RS
T2, REEEZEMTNETR. EJLHER, &
WEFCORIL, IAAEEREAT R A AR AR, AT BLS
DAL TR A T & A BT A S A IR A A 2 T
A, AR RN R NI A . sAh, I
HOAT DLB AR . PURMAR . MREP B, WA
B L R A A e R A5 R N, TN
Frdh e K. Pk, TR, IARERAE /N fil -5 0 T
HH RN A 2 T ORI 2 R R

BRPAC B AA V2R, HEFMFER AL,
AT REXS /INZE ft 5 3 BRS8N O B
(B B R AR L T B A U e ko BRI U
BORIE 7 A K B ARG AN/ (o B ARG 45 . IX 4k
vt Jo 8K B 24 T RE KT T A5 9 4 R T T AT O A R i
JS ™ L F AT S T A A . PR, RS
B AAE B AR IR TN S BT o8 . AN TR
MR IRAEBETT i, SRR AR AR N ZE RN ZE R A L o
BRI B i PR ARRT B R R IR IR p Ak
B /NG i ST AN S TR e, A A Ak B AR
N R LRI A A BN TR S

1 HRAMET %

ANt S N T IR B A R A B
HRALE (FHAEERD) ™, B TR AR, AR
AEER B R AL, B A RN LD A A O
B3R AR TE R = K AR B (20%~30%) %4
T, A wEEE (TR AR T
BRI AbE/INZE R . TERG SEWRH — P AR b
U KRB ) 3 B A X A e, N R
INFER TR AT I AR AL B RT DA S R g L o P A A R
Ptk &Y. RO B R WA R, 2T
KA PSR AT N, F B TR TR
W% 55 -t 2 TR A Rl B [ R SR T 7K T B )
T B A VU E B DUBROREIR S 20 8, 28 v i B B 45
ARSI AR, HATIRBCR G 7= 5 R AR
S HGR R AEE S R 7R O RN 2 R AT A
=), R EmTRMAR, W\ KA KT
25, Rk R IR B R R m R s 4k,

FET L B i N THOR, ARV BB Ry i
R TRED JE, EHUE AR AL TR
fLIE (BERD BB R TR AL GUR A 7
PrIERORER A BHE . B I, ZEAEL R
WA R R A5 S — AR GBI B 4R SR R E K

(1~1000 mm) [ FLREIES E AR P RHEAT 0 44 i) A b 2
T HAMAGEEN. sk w s, A 1
TGRSR RO LT A A B R R I KA TR LA
P (0.75~1000 pm) FRIZEANZR S i EAT AR 2R 1
%, ERY. BRSSO TED P R R A E
TN . PL AT B AN FE S, AR
FAEB SN T — s N

2 RACIAE/DZE ARSI A B ABLR

2.1 HRAEFER R SN

INELEWGR S 52 B E R D, ROUER N
PR, 10 L AT B L R 7 A AR 3 R A AR,
FEAR/NZRE FR SR S SRAM EPA SR EhE
FIE R R R, A B RIEE SR EH,
INEAREZ B ERRE. HTFREDZHERKR
K, FHRAEKSSHHMEERBL. NEHBT
BRVAEE, iR eiks28EmRmE. W
U, fEANFERGRE . GO RE R AR S, R EHR
TRBR /NS SR A RS A T R /N2 A0 5 ) EE R B

S oh IR e AE K ORD S T S 25 ~33 ¢,
MR T33 CHE, FhAEKZRMEEE ™. H
Uk, FE/NZZRUNE RGN, 025 B R A b 3L 2R K
F RN E R AR (H2, AAEEXE R
RKBRFTREZBZ R R MW, TEAR: 1) Fdxf
e PR TR 52 P2 P RN A2 ) 2D AR AR BRI AR o JA R 8 1)
M 3) CEEAIEMERRRCR . T, EFEk
] Py A1 B FE T AN A #3522 RN 22 003 i
W R KSR GRD)

F1  HLEXAZRAAERHERDERBRRICR
Table1l Application of heat treatment in killing insect pests of
wheat and flour

ER Ehx Wk JREMR SETH

BRfED (BRR, A0

D RIREES o s o S 0TERIDan

LR ES0%L ] (28]

FRABIRIAG
¥ e b TERARERGNERGE 0
’J\i /ﬁ'%mdﬁﬁ Elﬁgﬁ 300~350 HC\ 65W%E§E%ﬂ£?§ﬁﬁ%§%ﬂ [31]
|~
AR AT KA 65 CRRE60 ST 2 AT, JEF105 sHl'5E
e R i 1T, R )
e R R 4555 Clitf3o~48h,

i P Bt TiRs ks
‘ M&Wj@*u *ﬁﬁiﬂfﬁ?v fﬁ&ﬁtﬁﬂ'}%ﬁiﬁﬁﬁk«%
el o el WIS OIET LTl

b HEER A LR A0 C
BEI00%A KRR E, B BRALA
M age B RE pmmak . paiaR T by
a0, B (Rl #755)
M R REE e BEL DEMLEREEEYN AMSE 0
HikRA BEBHELNE




328 2019, Vol.40, No.13

B5oiltl F

KRR

FHEL EBRFERT RN, AR IR /N /NSy o 1 5 H )
BRI KR, RAHA45~70 CHIFb BRI AT XS5
FHGE BT RKEER . M TARPFSR, FERAA
I iR B2 RS 8] () AT A P . b P 2 08 I 5 )
B AP 51 AR A K AR AR o B i
JEE AR AE AL S E R R, ghah, #ud
HRIA AT LU I TR K 53 F S AN AH X 2 ) (PR R
S B AU AR BERES), AT S R g A KT
22 FRALIRIR R TR

BE AR KT AR @, T T N R e A
USSR R S . R, R AR/ iR o i B
B NEAEEKIARAWEELAN R, 5%
PIHEMRG, MAERERR. WA, EMEEINE, &
iR R, RIER R R b 2 S EUNE A e
Y. fEANERINE, BT/ NERESEOR. EhEES
MR, WG TAE) . IX SR B S e AR T —
B R, ANEERINE R B R BB R T ORBE AR B 22 4
HA BB P o i 2 A i Ege e R mp
DL B 2% KNSR AR H D, 3R BEAE /D
F RN R R WA R o O — & A 5T

R BA R AREFERER A PR
xR N175 C RIS FRZEIRAES min Py RITA] %K
INFZH90% M A T, AR B ZEIR AL TR 1 ~5 min
P, TR KR R oAb, MR R
200 CH, IR ATFESO s A% KN 22 H199.9% 1) 41 T
A ERE G FRAFEN R KR 1E81.8%) Y,
B 7R, ] R O R R A AR B 0 /N 2 B AR
G # % EE (deoxynivalenol, DON)  (—Fh & 14
HEFER) , MRA160 CUL LM MR ARSI/
FiF, HrADONE B Af 3 AR,

FRAD T A B 1 R KA A 32 2 T AR 4 TR B
R IAAE F A i B B ORI R i g AL
PER™, BRibz 4h, K433 S 2% T s R AR AT B 2 i
Wl FEZKS31% BERRT , A0 AEIE R 2 S A K 4
RN A A, AT 5| R G 5, 10T 4 ffa S 3
— 58 FHRTER™ . #AbFEXTDON B AR F U 5 B K
SR DONZ TS5 IR . B AR BRI W] LR KN
MUNER I AE D I PR R R R S &, (HT R b B
PSR R, TRERT /N ST AE AR
2.3 FAKCIEN I PR A AR

NS EAREE . EAM. BN
B, 1 E ALY BE R 2 By 5 AL EE (polyphenol oxidase,
PPO) %5, Hor B LG fi Ab A B 2 %8 /N 32 B FL i) o ()
i T AEARIFE W . N R, Horh i o-VE K B T
WEFE, I KK, ™ E N R
B IR TR TR N /NS R I PPOAMY 2 i i i

SN 5| A T ] A AR, L 2y R AR /N FE R v R R
E FRANE s e, 220 AP i s A A i T (A AN
AR B R A A R S A, AT RS /N2 R S
Hl g AR P, PEAEAR R AT, Bk, fEANEE R
FLm o T R e, SRIGE 2 7 v 30 ) I o R e g 1 v
SRR N T T R Sl S =

AN [ A4k 28 5 2 A B AL R R [R], S e
P T A Bl . 8 i 28 930RN Ry R 287K 4 Pl ik 28 7
O 22 R R 7 Bl (R AL RO, 5 R, ZRVRAR B
CH I A TR A AL, BRI T R 4G
Fasett. YadavZP @ xd b KIG . R 2R3 A
PALFE 5 N4 ZE W PP OIS T A4 220 b I S
PRI FA AR IR T T (A1 AT — s AR 2, H AT L
I BRACPPOTE M, 3 Fh#k b 2y X 43 51 vl i PPOYE /)
BE1K38.3% 56.9%F171.2%. VadlamaniZ®7£100 C %
RS AR ARFL 0 B 5% 1F /N 22 36478 min (I b EE,
fifi /N R PPOIE JJBEAKTS %, B35 00E T 4 K (i,
LK THT 2 1) 7% 28 R R S AL O L R . R SN
o-VERY B VR S R, R N FE I B TR i
AR M, R AT SR AL PR A A o Ve I . VLR R
SEDSIRIE T YR AR FR X /N SR R R, SR IR A
80~110 C IR AL BE i R AN & /N ek, 4 IRk
B, BRI, MNEREERASEAS, UiHa
VE B VT PR . B A BRI AT A 0 A B 9 R
R FAL IR J7 7%, FE/N SN TR N WA 2 090
KB R B, L I P A R AT DL 35 PR R 2N
F R o-VE BRI PE, $em /N R R TESUE, K
SN . BT HR SR WX /N 22 Ak B e 1 ™
PIARIEEm, PR Ok Btk i Wi 48 & B T E 22 /N 22 S A0 AR
Jis ARG BRI R E A et A EEE L
Qu ChenlingZEP7HF 72 2 B, Rl ipt kb 2 ] 2 2 4001 1) g Js
B AN I A B RS, AT IE K AR e 20 . gk
2 PR ORI, AT AR, 4D AN R A AT
LS A 2350 50 1) A P i R0 G 7 SR A BRI 06 1, AT E 2%
JVR 2 38 PR 7K A TR O R SR AR T 4 i /0N 22 IR 1) £ ek A
P MartiZE P S LSRN B IR, B BRI T Hoh
REWiEEvE Y, 2EZZ T HERRRIG, MR FEEK T & ER
I A B2 2523

EE R R B N N = Wi PO PO R N
By g e . BT S AL . PPORa-TE #) i <5 i E M1 B
H—ERAEER, 7 E AR 5 2O B T 0 0 Rk
BAF . WFFERE, ik A H AL g b HE B A 3 3%
(10 0 1) O 2 ) 0B 3 2 T T e Ak B B A A
RN, XAFAEAR SN, AR kb T ok il 7% 1 1 400 ) 1
FER M T EER N EO T F L ARR & A A
AP T RE R AR AR M, REMR/NGE S



XL B> 2019, Vol.40, No.13 329
2.4 FRALFEI /N R LA b R 5 R A R 442

PNk R BB R & A AR 2, T PLELA /)N MEHR  MOERERE At AfHE S
2 A 0 /I 20 T8RS TR AR d i 2 5 i o o L BALE (I C, —
e o T e BN FEG temy  SAWORER
Ko B, S TFENEMPUETSRR, DL E R B 5%) TSR LA e
ML 2RI ER . 5% G0 i S BRI & i " e - %%%ﬁ@@
T N ’ 1 o Rit A ERSHRMREEAE W)
FIVETTIEAALL, SAb B 2 2 s/, Rt T o
IAERAFE] T 2B RTE. AR CAAEAE et e FEDLEA A TR

=] T N ] She Sop INE 14%, EFE63 CauKk ik (Dlm@) D/I\ﬁu makREEEL, BF [74]

XoF /N2 it 5T E AT o R R R AL FE S 5 1 A B19%, EE55C) it ARG
Ji PR N R . BRI AT R A E R - N aienas  TIMEIERENERAT, 4
HEL SRRNERYE SRR . SRR R SO PR T LR LN PP
FEPERIR I N 2K 5 S o FERSEIEN, T RiR i fF MER AR G5V, 80 AEMEREENE  EOARSERSEBNERAE 1

AN - @R P S = D2 ob 7 R o i o
GBI, a-VER BRI PERRARY, e RE R A A, T
FHUR AL TSR AU R S BRI FEARTE (¥ Bk
7R, AN R AR AR 1 A
FRAT DA G A R AL, T LR I (K A AL B
W) 2 S AT S 9 E o A2 SEBR N2, T AR AN ] (1 ek
S £ 5 il A IR BT VE MR A o 25 T I ARk A
KEPRAE /N2 2 ) it it 5 5 R A 4 8 RO

H2 BABAE A R B R B B
Table2 Application of heat treatment in quality improvement of
wheat and wheat products

WENE WOARKR SR SRR BEL
MR 00 BIEHRIE, BRLERI g
NEIER [ SRR HEGEEN
I T
Ml g T WIEEHAE  pawinss mbEn )
"’m‘%?l&k\ bridi 5 iﬁ%m@%m’uu WLRRE iﬂ%ﬂ%"@
e FIEHICE-E E— BB (62
M s S iR
BAE (RN .
. KRR . BEBEEE BLEETE
MBS B S R REMER gwcpmmnenaenits O
“ o FERBTNEERERLED
M e SRS b ok BT @
ki o Y
pp DR NEAAE OREMUESERE B "
B0~ C R G ERRIE
ikl 50~130C — et ke
e doamsess  EIEE e leiade O
hep  NERE BE ABAPMNERNEY EARAXSERS, BaNR, o
0T, WL 2, min it BENAEFEK, BIFEERE
by OSEMOS wesnensnonn  mRTRRRERERERE 0
BOARRS.  enypns VERTRIV R
M 0~ CARRE ﬁﬁ%ﬁ@ﬁg 118 mghkg (65
REFDEs nE fem%E474 mgke
gy M B 0 CRAETHE LR
a5 e, BEARAHE  RRANBSEERRAR )
RIS min~24h (ELiE KA
M R ABRRNIEE  FHRRNIGHE BREF
e N oo ACEEE, BEESEEN, [
. " MR BRI
M A FILAS ERERE g

B 7 LA SR Ab . A A T A R P /N R A
JRECR PR T T M . AU AR R AR G B Rk
F/INZE R R (0 7540, b - L AT R BRI RN A {gk B 7
ARSI, 35 W IR B R TR . 7R R A
EHZEH . RussoZ5 "8 F201H 22 704E R 1 e W 98 1 #vib
HANCEERE A NER RN A, 238EE, /N
FRYUURRE DN B RS RS PR AG . SR A 6
ThE, EREM A A RS B B . FlkZ S,
AH AT 78 2 AR S B A P IR 100 Ak B T 2R AT T ek
e, IR G N R R LI IEAT TS van
Steertegem 57l 1tk /N A2 Ky 20 KL B S5 5 AR 0 B0 AE Ak
SR TGN N Ry ThRERFPE I S, S5 SRR, &
100 CHAEER G, /INFEHh R 7K T8 70 R RRE 0 770 A 5 0
ETRE, RIRENEFIORFE ) 0 Bk, FLIRRVE RO FF
JIREREC. RGN E R RS 4R
AAbHE S N BRI TR T AR A AL . Neill " Al
Chesterton'*" %5 35 5 KL F /N FEM O FAAL B T 258047 T4
1, AT E 05 8120~130 CALEE30 minAl130 C ik
B15 min, ffL T 2A77E 1 2 5 32 T2 i B B # ik 22 3%
I 22 R R . BeanZE BN /N R O AL B T 2 04T
o, 71 C R NER i T4~5 dF IR, 1% T2
AUAT DA 25 s B I A . B B SR,
HARAE F A7 A 5 NAARAT 105 - NakamuraZs ™%
FHIELEL20 CFAFRRENy, HAEHIE H A 40 B ket
BRI S R e e R T, AR AR B

FE AR T FR T, SR 5 2 A SR R R
A SN S BUNE R R AE AR, DT S R
. Hodr, HAACHERAT SRR AR SR R AR
AL B R R, T A 260 A A8 A U2 e e
FET AR A UK M AR, SRR A TR A 1 51 5 R
RO . Bhah, HAEH S NEER 1K AR B 2 R
W EERE R AR R R, AR HLE /N R KA AR 4
F8% H BT A%}, Pl #3 BRE M fh R S, DR K o 4
FRAN B A AL TT DA R ) B AL B 45 1 O B



330 2019, Vol.40, No.13

B5oiltl F

KRR

3 RAARBEX/NZE b R B R K TR B 4 e

AP B ARTE /NS N AR AR R T A,
B G AR A 2 B 25 5 0 /N2 b B P AR A R RE IR . X R
BRBTFANERNEAR. . 8BS K0 TP
BONBUR, K5 2R HRKEHE R . X T R m K
BN, R A RAR FL AT P DA OR Bt L i 6
JR, AETE e B R R s, D 2 5 B 45 2k
M S A8 BRI AR 2, R R
W, &M FAMT, MR ZF/NZ AT HRAE ] DL R
o-VER BTG TE, BB R /NS, HLE90 C R AbEE K
TN W IR/ SR 578, 2 BRI A TH i 5 FE
B EFEARMYIEME RIS . VazquezZ5E ™5 T /N2 R T
HEFRAL R T e rh T2 Rk, SRR, A
Lo TR /N, O /N FE A ARG B T TR 25 5 2 Bl
e, XAfRE S HE AR ENARA L, MK AR
HON1T%I, FH40 CE60 CRALIKE TN, XF/h
F RS SR M E . Mann 2™ BT KB, Bub R
I e B0 SRR, AT B AR B 1 O PR VA A
VR THD 39 X 4%

g BRIR, RSB /NE T AR 5 e 3 A 4
VER BB THI SR AR 2 L BRI AR S, M
st o5 TR )68 P SR LB A G 0 O 7 ks s s A Ak
B /NS R AN R RE I, T R /NS TR A AL R
BEATHEFC, FRTEUL AL PRI it . 75 # b B 72
o, R I IRDRIA R K 3 Fr R A R R /N FE I B R
R, KL PLE T IX 3 AN T2 S Bk b #ak 2
X /NFE SRR B . SR FH500 W AL 3 /N2 IF, 28 s
PRI AT % K A Y, A A AR VR R KN
Ay, HORBEAER FEER AL AR AE TR
10~40's, RELFEKACBRIS RIS, % T R0 2 AR
Rk, fEHEAT /NS AbHR, AT 7E (RS i 22 4 O RTIR
N M G AR FR I TR), DAk > /N TR AR S
EEXT AR E AR, 78 FAAb B A IE AR R . 2R
PR IRV AT R BN, T R AT B TS AT
] I 25 0 1) i PR B, T R O S D AR R v BT
MRPE AL FE H (R PR . MRS, 783 A2 40 HE H 1R Rl
T, PR EEEFRBAREE . ERGEIER, Ko B
Z 5k MG L AR R, DR K 43 B ke
PR TR FE NS SR AR W R . R R
KB BRI, /NS T 2 AL HR R RN, gk
Gb, RIS REF, R, A RIRIK A B 2
W R HEAER . B, 7648 A BE BT R
Al BRI SR R b, R R R B4R A R (R] AT DLGA
B FHAL ) A PR AR S o BR AT DA FH I 28 6 18 11k B )
NETHEAR ALK B T 2250, LI /b X /N 22 b L 52

Wi BT L ETZAM, AN E SR (it R EO
RS AL BRI N R AR — RE . TR/
S (¥ 5 SEAR 5 2 B AAKEBE K 5, PR B E b 3 AT
AN, N 2 B AL PR P B A AL B N 8]

4 & W&

AP EAT A, T RS R, AT LU R AT
oA 2 AR R BT A IR T/ 22 AN 28 D o 1L
AT MEE . BEPEALAT S PR R, IR R e SR AN
ZEH0 (0 i 5o EL AR A B R It W] RE S /N FE AN K i 5T
T FRAS RFAMA, 3K A BHLAS LA /N 22 T A A A 82 FH (1
FEJER . TR, ENAMIFFN AL BRI A 22 A
ANZER i BRI AR, TR T V2 dh A AL
JEB, JRRE| T — ek T7vE, (BUEAEVE 2 A Rk
i, Tk, BHEIN, RRXIDZMNZ R Hib
BHARKIBE TN S LR E . 1) S A 1 ib
R /NS RN B R K ARAL - R ITE FE R A B X A
ZAT TR TR 20 IR TR AE R R v /N 22 AN
ZEh it ARG LB AN 70 5 WL, DA 0 1 5 A
W 3) JFRER T TR A B s, B
RIAAE B RA o Bl BIF T AN WIR N, FAAE B 00 K5 £E /)N
A A N LA A3 25 S E A BT

EEPpd

(11 ET&, Wby, B, & & =3 Insne i s 22 & o
FOT RS SRR [J]. ZRAEW IR, 2005, 25(2): 81-84.
DOI:10.3969/j.issn.1009-1041.2005.02.018.

(2] BRRKAL, BAE, Bl iR /NAER IR0 D e K BN (J]. TR
JE T, 2004(3): 44-46.

[3] CHEN X, HE X W, FU X, et al. In vitro digestion and
physicochemical properties of wheat starch/flour modified by heat-
moisture treatment[J]. Journal of Cereal Science, 2015, 63: 109-115.
DOI:10.1016/j.jcs.2015.03.003.

[4] GHALY T F, TAYLOR P A. Quality effects of heat treatment of two
wheat varieties[J]. Journal of Agricultural Engineering Research, 1982,
27(3): 227-234. DOI:10.1016/0021-8634(82)90064-6.

(51  ZEEASE. ANRIAALER 5 OGN 2Ry eIt 2 m F 5 (D], M2 T T
K2, 2016: 40-52.

[6] HU Y M, WANG L J, 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): e13238. DOI:10.1111/
jfpp.13238.

[7] MARTINEZ M, OLIETE B, GOMEZ M. Effect of the addition
of extruded wheat flours on dough rheology and bread quality[J].
Journal of Cereal Science, 2013, 57(3): 424-429. DOI:10.1016/
j-jcs.2013.01.007.

[8] LAMACCHIA C, LANDRISCINA L, DAGNELLO P.
Changes in wheat kernel proteins induced by microwave
treatment[J]. Food Chemistry, 2016, 197: 634-640. DOI:10.1016/
j.foodchem.2015.11.016.



XA ERA

E6mill=

2019, Vol.40, No.13 331

(91

[10]

[13]

[14]

[15]

[16]

[17]

[22]

[23]

[24]

LIU C Q, MA X J. Study on the mechanism of microwave modified
wheat protein fiber to improve its mechanical properties[J]. Journal of
Cereal Science, 2016, 70: 99-107. DOI:10.1016/j.jcs.2016.05.018.
ISMAILOGLU S O, BASMAN A. Physicochemical properties of
infrared heat-moisture treated wheat starch[J]. Starch-Stirke, 2016,
68(1/2): 67-75. DOI:10.1002/star.201500160.

SAIR L. Heat-moisture treatment of starch[J]. Cereal Chemistry, 1967,
44(1): 8-26.

SUIZQ, YAOTM, ZHAO 'Y, et al. Effects of heat-moisture treatment
reaction conditions on the physicochemical and structural properties
of maize starch: moisture and length of heating[J]. Food Chemistry,
2015, 173: 1125-1132. DOI:10.1016/j.foodchem.2014.11.021.
HELH, S E, MUJUMDAR A S. 15§55 118 14 5 3k 2 [7].
TIRF AR S %%, 2009, 7(5): 195-198; 213. DOI1:10.3969/
j-issn.0528-9017.2011.04.043.

MUJUMDAR A S, HUANG L X, CHEN X D. An overview of the
recent advances in spray-drying[J]. Dairy Science & Technology,
2010, 90(2/3): 211-224. DOI:10.1051/dst/2010015.

SEHRAWAT R, NEMA P K, KAUR B P. Effect of superheated steam
drying on properties of foodstuffs and kinetic modeling[J]. Innovative
Food Science & Emerging Technologies, 2016, 34: 285-301.
DOI:10.1016/j.ifset.2016.02.003.

KAZMERSKI L. Renewable and sustainable energy reviews[J].
Renewable & Sustainable Energy Reviews, 2013, 38: 834-847.
LOPES-DA-SILVA M D F, SANTOS L, CHOUPINA A. The
extrusion in food technology: types, advantages and equipments[J].
Revista de Ciencias Agrarias, 2015, 38(1): 3-10.

FR, XM, XL, A B R BB a5 K L LIRS
HEE]. A0l R343R, 2017, 33(14): 275-283. DOI:10.11975/
j.issn.1002-6819.2017.14.037.

CHANDRASEKARAN S, RAMANATHAN S, BASAK T.
Microwave food processing: a review[J]. Food Research International,
2013, 52(1): 243-261. DOI:10.1016/j.foodres.2013.02.033.
OSEPCHUK J M. A history of microwave heating applications[J].
IEEE Transactions on Microwave Theory Techniques, 1984, 32(9):
1200-1224. DOI:10.1109/TMTT.1984.1132831.

AFZAL T M, ABE T. Simulation of moisture changes in barley
during far infrared radiation drying[J]. Computers and Electronics
in Agriculture, 2000, 26(2): 137-145. DOI:10.1016/s0168-
1699(00)00067-3.

THANIT S, SAKAMON D, POOMIJAI S A, et al. Mathematical
modeling of combined far-infrared and vacuum drying banana slice[J].
Journal of Food Engineering, 2009, 92(1): 100-106. DOI:10.1016/
j.jfoodeng.2008.10.030.

MONGPRANEET S, ABE T, TSURUSAKI T. Accelerated drying
of welsh onion by far infrared radiation under vacuum conditions[J].
Journal of Food Engineering, 2002, 55(2): 147-156. DOI:10.1016/
50260-8774(02)00058-4.

TR H, A0, DT, A5 ZLAMIEE A NN IR IR E P
S [T]. ARk, 2013, 34(16): 321-325. DOI:10.7506/spkx1002-
6630-201316066.

FRIAHK, MM, AR MABIA ] AR S 25F, 2006, 31(2):
43-45. DOI:10.3969/j.issn.1007-1458.2006.02.019.

Bode R, o2, R DR AL IR R B AR R
BERE[I]. R 5R, 2018, 31(7): 18-20. DOI:10.3969/
j-issn.1008-9578.2018.07.007.

FEE, ERBAT. i s RS Hiia M. Jbat: Bhad 1AL, 2008: 2-4.
FAAT. #7802 N AL B R SR BRI FE[D]. A TR Lol K,
2014: 9-31.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

FIELDS P G. The control of stored-product insects and mites with
extreme temperatures[J]. Journal of Stored Products Research, 1992,
28(2): 89-118. DOI:10.1016/0022-474X(92)90018-L.

R, BUREXK, FEHEMG, 5. NERN GBI ER QAR
PR & A, 2015, 23(5): 106-109. DO1:10.3969/
j-issn.1007-7561.2015.05.023.

MOURIER H, POULSEN K P. Control of insects and mites in grain
using a high temperature/short time (HTST) technique[J]. Journal of
Stored Products Research, 2000, 36(3): 309-318. DOI:10.1016/S0022-
474X(99)00054-5.

Egth, B, duffE, S5 HURHEN RIS RSO I IC
ST AL R R IR0 EERES. B S hEE
Mgy, W B IS, 2011: 93-96.

PORTO S M C, VALENTI F, CASCONE G, et al. Thermal insulation
of a flour mill to improve effectiveness of the heat treatment for insect
pest control[J]. Agricultural Engineering International: The CIGR
E-Journal, 2015, 2015: 94-104.

IR, Ak, T, A PRI SRS 1 40 U RE I [T]. KR
g BHZ I, 2009, 25(5): 37-39.

FIELDS P G. Novel fumigants and heat treatments for flour mills[C]//
International Conference on Controlled Atmosphere and Fumigation
in Stored Products. Antalya: ARBER Professional Congress Services,
2012: 333-344.

VADIVAMBAL R, JAYAS D S, WHITE N D G. Wheat disinfestation
using microwave energy[J]. Journal of Stored Products Research,
2007, 43(4): 508-514. DOI:10.13031/2013.19554.

PIXTON S W. The effect of heat treatment on the moisture content/
relative humidity equilibrium relationship of Manitoba wheat[J].
Journal of Stored Products Research, 1968, 4(3): 267-270.
DOI:10.1016/0022-474x(68)90019-2.

B, B te. Nk AR K% BT e AR I]. R
ERBE S 45, 2011, 36(1): 17-19; 38. DOI:10.3969/
j-issn.1007-1458.2011.01.006.

CENKOWSKI S, PRONYK C, ZMIDZINSKA D, et al.
Decontamination of food products with superheated steam[J].
Journal of Food Engineering, 2007, 83(1): 68-75. DOI:10.1016/
j-jfoodeng.2006.12.002.

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.
DOI:10.1016/j.foodcont.2015.11.001.

PRONYK C, CENKOWSKI S, ABRAMSON D. Superheated
steam reduction of deoxynivalenol in naturally contaminated wheat
kernels[J]. Food Control, 2006, 17(10): 789-796. DOI1:10.1016/
j-foodcont.2005.05.004.

XL, K R, R, S5 i SRR AR BN AR SR /) & P DON R
SRR, TR Tl R 222240 (A AR B2 RR), 2016, 37(5): 57-63.
PIPER P W. Molecular events associated with acquisition of
heat tolerance by the yeast Saccharomyces cerevisiae[J]. FEMS
Microbiology Reviews, 1993, 11(4): 339-355. DOI:10.1016/0168-
6445(93)90005-t.

WEITZELI G, PILATUS U, RENSING L. The cytoplasmic pH, ATP
content and total protein synthesis rate during heat-shock protein
inducing treatments in yeast[J]. Experimental Cell Research, 1987,
170(1): 64-79. DOI:10.1016/0014-4827(87)90117-0.

ARONSSON K, RONNER U. Influence of pH, water activity and
temperature on the inactivation of Escherichia coli, and Saccharomyces
cerevisiae, by pulsed electric fields[J]. Innovative Food Science &
Emerging Technologies, 2001, 2(2): 105-112. DOI:10.1016/s1466-
8564(01)00030-3.



332 2019, Vol.40, No.13

B5oiltl F

KRR

[46]

[47]

[48]

[49]

[50]

[51]
[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

LUKOW O M, BUSHUK W. Influence of germination on wheat
quality. I. functional (breadmaking) and biochemical properties[J].
Cereal Chemistry, 1984, 61(4): 336-339.

FUERST P E, ANDERSON V J, MORRIS F C. Delineating the role
of polyphenol oxidase in the darkening of alkaline wheat noodles[J].
Journal of Agricultural and Food Chemistry, 2006, 54(6): 2378-2384.
DOI:10.1021/jf0526386.

PARK W J, SHELTON D R, PETERSON C J, et al. Variation in
polyphenol oxidase activity and quality characteristics among hard
white wheat and hard red winter wheat samples 1[J]. Cereal Chemistry,
1997, 74(1): 7-11. DOI:10.1094/cchem.1997.74.1.7.

HIDALGO A, BRUSCO M, PLIZZARI L, et al. Polyphenol oxidase,
alpha-amylase and beta-amylase activities of Triticum monococcum,
Triticum turgidum, and Triticum aestivum: a two-year study[J]. Journal
of Cereal Science, 2013, 58(1): 51-58. DOI:10.1016/j.jcs.2013.04.004.
BEECHER B, SKINNER D Z. Molecular cloning and expression
analysis of multiple polyphenol oxidase genes in developing wheat
(Triticum aestivum) kernels[J]. Journal of Cereal Science, 2011, 53(3):
371-378. DOI:10.1016/j.jcs.2011.01.015.

TR KL BACEIM]. JEE: BEE R, 2017: 260-262.
S, HEI, AR, 2 AR E A AR T VE M U TE LT, i Dk
FH, 2008(6): 154-157. DOI:10.3969/j.issn.1003-6202.2008.03.007.
YADAV D N, PATKI P E, SRIHARI S P, et al. Studies on polyphenol
oxidase activity of heat stabilized whole wheat flour and its chapatti
making quality[J]. International Journal of Food Properties, 2010,
13(1): 142-154. DOI:10.1080/10942910802256156.

VADLAMANI K R, SEIB P A. Reduced browning in raw oriental
noodles by heat and moisture treatment of wheat[J]. Cereal Chemistry,
1996, 73(1): 88-95.

VLR, XU, 5. W A B 2 2 /N0 b 5 W) (1 7 ).
£ i LAV RHE, 2017, 38(5): 60-65.

K, AR, AR, 5. B O R 2 s 2 B R R B i
VBRI L. MR S50k Lk, 2013, 12(7): 7-11. DOI:10.7633/
jissn.1003-6202.2013.07.003.

QU Chenling, WANG Hongliang, LIU Shengqiang, et al. Effects
of microwave heating of wheat on its functional properties and
accelerated storage[J]. Journal of Food Science & Technology, 2017,
54(11): 3699-3706. DOI:10.1007/s13197-017-2834-y.

MARTI A, TORRI L, CASIRAGHI M C, et al. Wheat germ
stabilization by heat-treatment or sourdough fermentation: effects
on dough rheology and bread properties[J]. LWT-Food Science and
Technology, 2014, 59(2): 1100-1106. DOI:10.1016/j.1wt.2014.06.039.
KERMASHA S, BISAKOWSKI B, RAMASWAMY H, et al.
Comparison of microwave, conventional and combination heat
treatments on wheat germ lipase activity[J]. International Journal of
Food Science & Technology, 2007, 28(6): 617-623. DOI:10.1111/
j.1365-2621.1993.tb01313.x.

KHAMIS M. Characterization and evaluation of heat treated wheat
flours[D]. Manhattan: Kansas State University, 2014: 40-55.

PEHE. PRAL BN N AR E R IS BIE ST (D], N : IR Lk o,
2014: 9-26.

P, EOIHE, BEF5 2, S5, AR HAAL B 5 O /N 22 Sk vE
TR REMAT]. VORI A, 2010(6): 421-423. DOT:10.3969/
jissn.1002-1302.2010.06.167.

KIM J H, TANHEHCO E J, NG P K W. Effect of extrusion

conditions on resistant starch formation from pastry wheat

[64]

[65]

[66]

[69]

[70]

[72]

(73]

[74]

[76]

(771

flour[J]. Food Chemistry, 2006, 99(4): 718-723. DOI:10.1016/
j-foodchem.2005.08.054.

W h, BT, Ak BN £ T TR AS A D). b DR 224,
1996(1): 5-11.

WOLT M, CHIGURUPATI S R, PULVERENTI J. Method
for heat treating a bread baking wheat flour and resulting flour
and dough: US5433966 A[P]. 1995-07-18[2018-06-23]. http://
patft.uspto.gov/netacgi/nph-Parser?Sect]1=PTO1&Sect2=HIT
OFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.
htm&r=1&f=G&1=50&s1=5433966.PN.& OS=PN/5433966&RS=
PN/5433966.

HU Y M, WANG L J, LI Z G. Modification of protein structure and
dough rheological properties of wheat flour through superheated
steam treatment[J]. Journal of Cereal Science, 2017, 76: 222-228.
DOI:10.1016/j.jcs.2017.06.013.

BIRAR, KL, XIER, S5 PAb BN R ) A O A ST DR
AR RIB AL TR TR 2 2R (H SRR AR, 2016, 37(5):
46-50; 63.

YOUN Y S, PARK J K, JANG H D, et al. Sequential hydration
with anaerobic and heat treatment increases GABA (y-aminobutyric
acid) content in wheat[J]. Food Chemistry, 2011, 129(4): 1631-1635.
DOI:10.1016/j.foodchem.2011.06.020.

NORDQVIST P, LAWTHER M, MALMSTROM E, et al. Adhesive
properties of wheat gluten after enzymatic hydrolysis or heat treatment:
a comparative study[J]. Industrial Crops & Products, 2012, 38(3): 139-
145. DOI:10.1016/j.indcrop.2012.01.021.

MARTINEZ M M, ROSELL C M, GOMEZ M. Modification of
wheat flour functionality and digestibility through different extrusion
conditions[J]. Journal of Food Engineering, 2014, 143(6): 74-79.
DOI:10.1016/j.jfoodeng.2014.06.035.

WALDE S G, BALASWAMY K, VELU V, et al. Microwave drying
and grinding characteristics of wheat (Triticum aestivum)[J]. Journal
of Food Engineering, 2002, 55(3): 271-276. DOI:10.1016/S0260-
8774(02)00101-2.

YOUSSOUF K K, SEVERIN K K T, PAUL M, et al. Production of
functional wheat flour by heat moisture treatment using optimization
by response surface methodology[J]. International Journal of Industrial
Engineering, 2017, 4(6): 17-25. DOI:10.14445/23499362/ijie-
v4i6p102.

WEI Q. Effects of microwave heating on baking quality of wheat[D].
Quebec: McGill University, 2013: 57-75.

CETINER B, ACAR O, KAHRAMAN K, et al. An investigation on
the effect of heat-moisture treatment on baking quality of wheat by
using response surface methodology[J]. Journal of Cereal Science,
2017, 74: 103-111. DOI:10.1016/j.jcs.2017.01.002.

BUCSELLA B, AGNES T, VIZER V, et al. Comparison of the effects
of different heat treatment processes on rheological properties of
cake and bread wheat flours[J]. Food Chemistry, 2016, 190: 990-996.
DOI:10.1016/j.foodchem.2015.06.073.

MACARTHUR L A, D’APPOLONIA B L. Effects of microwave
radiation and storage on hard red spring wheat flour[J]. Cereal
Chemistry, 1981, 58(1): 53-56.

NEILL G, AL-MUHTASEB A H, MAGEE T R A. Optimisation
of time/temperature treatment, for heat treated soft wheat flour[J].
Journal of Food Engineering, 2012, 113(3): 422-426. DOI:10.1016/
j-jfoodeng.2012.06.019.



XA ERA

E6mill=

2019, Vol.40, No.13 333

[80]

[81]

[82]

RUSSO J V, DOE C A. Heat treatment of flour as an alternative to
chlorination[J]. International Journal of Food Science & Technology,
2007, 5(4): 363-374. DOI:10.1111/j.1365-2621.1970.tb01580.x.

VAN STEERTEGEM B, PAREYT B, BRIJS K, et al. Impact of heat
treatment on wheat flour solvent retention capacity (SRC) profiles[J].
Cereal Chemistry, 2013, 90(6): 608-610. DOI:10.1094/CCHEM-04-
13-0069-N.

CHESTERTON A K S, WILSON D I, SADD P A, et al. A novel
laboratory scale method for studying heat treatment of cake flour[J].
Journal of Food Engineering, 2015, 144: 36-44. DOI:10.1016/
j-jfoodeng.2014.07.011.

BEAN M M, HANAMOTO M M. Process for improving baking
properties of unbleached cake flour: US4157406[P]. 1979-06-05[2018-
06-23]. http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Se
ct2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchn
um.htm&r=1&f=G&I1=50&s1=4157406.PN.&OS=PN/4157406&RS=
PN/4157406.

NAKAMURA C, KOSHIKAWA Y, SEGUCHI M. Increased volume
of Kasutera cake (Japanese sponge cake) by dry heating of wheat
flour[J]. Food Science & Technology Research, 2008, 14(5): 431-436.
DOI:10.3136/fstr.14.431.

[83]

[84]

[85]

[86]

[87]

[88]

[89]

KIM W, CHOI S G, KERR W L, et al. Effect of heating temperature
on particle size distribution in hard and soft wheat flour[J]. Journal of
Cereal Science, 2004, 40(1): 9-16. DOI:10.1016/j.jcs.2004.04.005.
SLADE L, LEVINE H. Glass transitions and water-food structure
interactions[J]. Advances in Food and Nutrition Research, 1995, 38:
103-269. DOI:10.1016/s1043-4526(08)60084-4.

JOHNSON A C, HOSENEY R C, GHAISI K. Chlorine treatment of cake
flours. V. oxidation of starch[J]. Cereal Chemistry, 1980, 57(2): 94-96.
BARLOW K K, BUTTROSE M S, SIMMONDS D H, et al. Nature of
the starch-protein interface in wheat endosperm[J]. Cereal Chemistry,
1973, 50: 443-454.

WA, B, B AL FERT R ZE /N 32 B0 5 R R
ST, R BUR R 4R, 2000, 27(4): 321-324. DOI:10.3969/
j-issn.1672-352X.2000.04.002.

VAZQUEZ L, VIZCARRA M, SALAZAR A, et al. Effect of heat
treatment on the industrial quality of two varieties of Mexican
wheat[J]. International Journal of Food Properties, 2001, 4(3): 419-
430. DOI:10.1081/JFP-100108645.

MANN J, SCHIEDT B, BAUMANN A, et al. Effect of heat
treatment on wheat dough rheology and wheat protein solubility[J].
Food Science and Technology International, 2014, 20(5): 341-351.
DOI:10.1177/1082013213488381.






