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Study onmoisture variation and migration during tempering
CHEN Cheng

(Design and Research Institute, Henan University of Technology, Zhengzhou Henan 450001 )

Abstract ; The purpose of tempering is to change the moisture content of wheat and improve the pro-
cessing quality of grain. Three kinds of representative domestic wheat ( soft, medium and hard) were
used as experimental materials, and the temperature gradient was set, and the water state change un-
der different conditions was studied by using low — field nuclear magnetic resonance ( NMR) technol-
ogy; the water migration patterns under different conditions were studied by nuclear magnetic reso-
nance imaging ( NMRI) . The results showed that; T,, and A,, of the samples showed a significant up-
ward trend under different tempering temperature; T,,, A,, first decreased and then increased; T,,
was positively correlated with temperature, and A,;reached the peak at the preliminary stage of tem-
pering then decreased gradually. NMRI showed thal there were two major pathways of moisture and
one ancillary path in wheat kernel. One was moisture diffused through the nucellar layer into the
germ line, the other was moisture infiltrated through the cell wall of the aleurone layer; the auxiliary
path was moisture diffused from the fuzzy end to the endosperm center.

Key words : wheat ; tempering; nuclear magnetic resonance (NMR) ; moisture

IRHRERE $26%5 2018 F F4 5

IR/ NZE B B 5y Z— RN 22 AL
MR B i EAT SRR A A N A v R
AR SR I T TR 7K fige | Tl R RS LT AT A
JI TN IR AL 55 BN 3 S K o A IR
RS/ N R ol e K A IR ZS AR AR RR 23 T 4% %6 T

i f5 HH3:.2018 -01 - 04

E£WH: FKARP I 4T H (31271815,31301594 ) ; AL
PN F AR R B LI (CARS - 14) 3 | 10 F R BHE
AR (2012 BAD34B01 )

EE B PRK, 1990 4F 4, 5B -

PAb/INZZ NN T2 Rt i /N 22 0 o B AT B AR
AR5 P A% 1 IR B AR TR 5% 5 R 5T 2o R K 4y
PRSI AE L, X T IR 2 AR 7R /N 22 8 o A [+
PRI ZR X 7K 4353 W A AL B S A A 7 S B b 3 o e
P T VT A7 A5 S PR 22 B () 4 3T — R R
1 #REFH*E
L1 #H#FmE5EE

[ 301 (GM301), 74 4¢ 982 (YN982) , ¥ %
366( ZM366) .

(6]



BRI F26% 2018 F 54 1

RENNT

VIMR2010V — T #% # Je4ig £ 5l g o3 A A, G
PSR IE 0. 52 T; JE3002 4% %5 Hi T R i K F; (B e
AR
1.2 EIWHE
121 /NEEREAR AL EE

Felg Nz S U T R 2 I, PR IR /N 2 Rk
FHEAE T, B4t He pdokr 5 SR | 1% 5 s A I
Zoy
1.2.2  /NAVHB

PRI 150 g /NEZREML T A BH4erh R4/ NE2 #f
RS K BAE bR W0 T 2 15% Aok & , %
BRSOy 20,25 .30 C, FEMHIR AT HE

W, BHORATSFES] 3 min, B T B 3
TR, B e B R R 1A & 24 h, /KT E A
A
- WM, -M,)
ﬁﬂﬂii/mL—il M,

WO BTRE S, g5 MO BERIK 93, %
M, R EIRIK Y, % o

Ao VIR A AT AR IR R IOV A B B T
LA ol 1 B 5 8 ) S 96 00K, IR SR AT Hh B A
TN AR A, R g 42 3 8 4, o IR T2 3 2o 7R R
AR EIE,
1.2.3 S5 a] Al e

BRIUKRL 1 g /N B TR b, &
PEWITE 2.2 ~2.5 em, S5 T Bt FERTHIK 5322 1k
PR, S IR , U AN () A ) o B [0 B I A
J¥%:0.1/6.1/3.2/3.1.1.5.2 .3 .4.6.8.12.16 24
h, SE BTN ]2 24 he
1.2.4 BHESHOE

SKFl CPMG ( Carr — Purcell — Meiboom — Gill)
o e B TR B Ut £, % it e AT
SARAE, R T, _FitFrm F ] CPMG 33148
BAFEN T, ARARK IR R LS st BR B 1) A X 5 &
EARE . BRILIRIRIE R AR FIE A1 AR e (BT A
BN . pea SCHFARAF, HEARAE 4 W, MHASAF:
PO S8 B RS TD = 249 612, F i
SW = 200 kHz, Bk NS = 4, [l i} ] ( Echo

Time) = 100 ws, [0 % (Echo Count) = 5000, iz
TSR B B 200, 5t 74 B ] 8 100, 2 AR K
#1000 000, 35 i Excel, SPSS Fl Origin # {4 4b 33
IIMTEIE -

1.2.5 i fE5mmeE

R HIZ2 L7 BERMPURN o st 8 e, 40 R 75 e

A = A eXp( ——) + A, exp( —TLZZ) T A,
t
s ~7,)
X A, A, A IURE Ty, T, T TR 5
Wi
1.2.6 /NERTEE RS
INAERZRESEAR AR B R (MRI) 525G S 405 &
i S HFA] TR =200 ms, [I%EF ] TE = 5. 42 ms, 504
200 x 128 , ¥} FOV X = FOV Y =40 mm, DO =178
ms , A GRS E] DI =0. 1 ms, EHMYRE NS =256,
16 g B GxAmp/% = 77.8, GyAmp/% = 41.6,
GzAmp/% =25.3, FIH O - siris A0 755 B, A
8L BMP 45 R ARAE o AR TR A6 B2 2 50 Ry 0 4
12,24 h, W% 0 &: . ZM366, H1: YNO82,
T :GM301

2 ZERERW
2.1 FRBEI/NMNEZBE - Bt g e EsEN
#m
211 JABIREEXT T, A1 Ay, (95200

AP 1 AT AN TR BE AR BE 1Y)/ NAE T, P 5 BT
BB AR AR B, J5 B T 92 5 AN TR 22 A
T2 IR ], GM301 5 YNO82 7 i) Jii it [A]
6 h I A U BE B LA TR RS T ZM366 7
JEBTHF AR 8 h i TR, a2 v . B
P BTIRE RS L TE, & AN T (S R TR L
FHAE S, R 2 T m S, U & RN 2
IKAIE B PERG 5, BT 8% 3 vk b, 45 6 K B st g
R SRS EACKR R, RN 25 CHf &/ E
(1) Ty (E AR T HAB PR E , i R LI &
IR, M B 25 CR e kK 7 5 BT 20
SER Y5 IR PE R B IR D
IR R K A 5K FZ B K5 Ka12Z
[N RSN Wik O R




RENT

IRHRERE $26%5 2018 F F4 5

20 C

0.6 —--25C
[ —30 °C
o4l
Oggg 1152 3 4 6 8121624
PRI [ /b
a

Oggg 1152 3 4 6 8121624
IR T[] /h
b

L 25
12F *30%C

0.4

0222 1152 3 46 8121624
VBT Est [) /
C

I REXEBUTRE 7)) 3200
£ :a:GM301 ;b: YN982;c:ZM366, [l

2 JER X PR B AR R Ay RIS BEIR R
BT, 2% i Rh K BT 5 R Ay 72 IR BE B EE 2
T LT U B 0 i nr DL 4 oK A
Xt BRI 20 RIS REAZ N5 55 0K 3 5 19
YER, Koy T W B 50K 70 19 45 & P2 BE R 1Y
PANEIOE: B| A i NG S R O o K E o S A
KA AR KA T 5 A Rt A1 AN
JE AR, Ty FEA AL T2 AR, /WP DR K S
KA [ 455 KA W% A i 3, 98 5 39 A,
WA EANEEE TR RS . W BT R RS
R Ay AR A b /N 2 B B2 L RO S, T
TEARSGHE, 45 v ) o il B2 mT LA Jin 25 5 7K B AR x5
o HSRAT R AT IR RO SR T AT AR AL A, Frfiik
PR AR SIS TH] , SR T A= ™ Hh 2 Jed 108 A2 P ]

MRS RN Ay ZAHAS SRR
RAMEZE S 3, R/ NP ERS T Ay ZAHRZ W
S 5 YRRl R AT o (L 5 /0N 2 B 2 B Sk
(P <0.05) , MR I =FiRE Al Y A,y AAEZE A
R A AT RE AR AR R, K 27RO Sl AR Z,
Al N T/ IR PR E 1 WK S A2 A RE R, R
SRR B =N B 22 RN

1400
1300
1200
= 1100
~
1 000 |
—-20 ;‘4
—-25C
900 30 C
QOO v v
Oggg 1152 3 4 6 8121624
P I A /h
a
1400
1 300
1200 [
= 1100
~
1 000 -
20 C
2L —+-30 C
QOO v
Ofgg 1152 3 4 6 8121624
VA SR i)/
b
1400
1300
1200
= 1100
~
1 000 [
—--20 C
—-25C
LU —-30 C
QOO v v
Oggg 1152 3 4 6 8121624

IR B [/
c

2 BEXEEE Ay BRI

2.1.2 JARTIRBEXT T, Al Ay B2

3 RIS AR T, MR, TR R
SR RCEAE T, Ty S B AT A AN [ i b
INFERERIT ] T, A 8K Y 25 51k, GM301 T, {H 4R
HFTE 3. 19 ~5.76 ms yu[E A, YN982 Fil ZM366 T,,{H
EAE 3.27 ~7.26 ms Z ], R ERASAK T fH AR
L B 5 /N 22 ok ok BE N B3 OE A 6 M
(P <0.05) , J5 R AT BE A2 305t /N 22 W20 4t A 7 35 )




BRI F26% 2018 F 54 1

RENNT

JERSFNEE [ FR 45 & W B, 45 4 o J3E 0 B R 22 ok 4
1%, HANM P S 2 45 A A a2, R/ R
TR B A 35 22 B9 43 752 15 000 [ 1 JoT & B (1)
T, B TN SRR T R T i D sk
W 08 5 45 R M oK o B R K 43
FHE s, R sk . TR, 45T
T, ¥ 3B, Ao e 5 1 52 R DG R A2
(AR Ak TR R f 2 R R T R PP 0 4R
BEEFNASFESL /NS Ty (3530 U B F- 52 10, 254~ sf 1]
BT (HZE RN B35 TR AT RE = 76 M B K 43 FR
JINAE B E KRS J2 FIRERE IS , 7K 23 DA AT ] B i
BB BRI S ALK T4 &, BB R 54
B AR BRI —FPPARIRAS ; V45T 1A 5 R A6
FVE BT AL T (B HH S B A FA, 1 SR FRAR AN
Tt kS H A LR ) 22 P i 2

8_
7_
6_
5
E 4}
E\H:;_
2_ +200(:
—-—25C
1+ ——30 C
0 IIIIIIIIIIIIII
0§§g 1152 3 4 6 8121624
IR B )/
a
8_
7.—
6.—
5_
[} If
E4
[\£I3_
N ~20C
—--25C
1r 30 C
0 IIIIIIIIIIIIII
Oggg 1152 3 4 6 8121624
A J3R I )
b
8_
7_
6_
5._
E4
[\::3_
ol 20T
—-25C
1+ —-30 C
0 IIIIIIIIIIIIII
Oﬁgg 1152 3 4 6 8121624

PRI E] /b

C

3 BEXEREE Ty R

Pl 4 23 B X B B v Ay, (5%, ph [ AT
1, NZK R BT 20 min J5 3K GM301 FiIEf 3 ZM366
JoT - B A, (B AR 8 T i 2 e KA, YNOS2 7 i Jit
40 min Ji5 A, AN B EH, B S5EEBE A, 2&K
(LS [R]REA — 2, B A [R]AR 5 7K 3 AR X6 35 5 7 8 o
70 305 B 581 5 v L, 908 T O W A e R I 7
[E S AN S 3, /N2 PR 43 A 4 A DL AR ) 2L 1
BN AR TR R 1L /N2 AR B SIS 2 T R
(19 20 A5, 7K 5338 i A Rk TR 5 A2 20 43 T 45 G
PR KT, SEE 45 S Banaszek HFSEA W)
(7K W B 83, % B 100 1) 7K 3 W A % 2 i AH
X P R A48 o T B | B ] £ 185 < T 328
TR 28 3™ RIS A2 R B 3 G I A, 1
B 5 0 B S A% 3 B AR CME (P <0.01), &
ZM366 A,, 5 KA Hy 455. 01, i 45 A BE 47 YNOS2 £
KAE K 373.54, — #2253 N 21.81% , i #
GM301 A, fz KAH K 308.94, 5 ffi & % 7 % K
47.28% , JR N Al e R R AR S A L2 /N1
fiRi i =BlPUSZE S~ S8 N i IR =R R )
USSR R 0 0 R SR AL A VR DR R U A
KErF PR GrF DB MK, B 22 7K A7 BHL 4 i 22
T2 097K 53§ T BUMAR G , 1 1l 22 A A, e K
{ER T HABAE N

500
450[ =20 C
- —--25C

350}
300}
<& 250}
200}
150

0

082 1152346 8121624
AR IR ]/
a

500

4501 =20 ¢
—--25C

400 |

350
300

V:SI 250 F
200 -
150 {
100
sot

0

Oggg 1152 3 4 6 8121624
i JEE s ]/
b




RENT

IRHRERE $26%5 2018 F F4 5

500

400 -

300 |

A22

200+

100

0
0§§§ 1152 3 46 8121624

PR )/

C

4 REXEBEIE A, BN

2.1.3  JHBIREXS Ty A Ay 152

Bl S SR B X i i AR e T 952 e, e B ]
R B K sh IR T 2 T
A AR R B S R R IR, TR R T
fiE/INEE PO A 2 FLAE B AN, B W RS B
IKZEVRIIRETT o MoK o B 72 6 /INZE R TR, —
FRAT K o M W BT 22 R, S — A K
Bl ARG 38 SRR PN A4 T A0 1 440 i 1) R
P, BB A 1 N BE T L, 3 A H K B 22
Ty (3G KT S [ A T 138 K R A7 B i 25
B GM301 5 YN982 kK- yd K I & 55 T ZM366 , i
JRIEFEA 1.5 h A POAREE , Rtk T W Kl 5/
TP RE A SR D T PR T B AR [ 0 3 /N 22 A
L PN B 1 Joit 56 I R U A IO 2 T 1 45 5 AR BE AN [
AR I 25 KR RN A 1 35 P B R 2R ], 2 S 7k
FEPT R EE i Ak R R KR B A A A
P SE S PR i A5 1 R KRR 405 R T R A R
AR

Wt 1 O o ) 48 0, T, (L 30 0 (LI 26 8 T %
RRETATIIRAS o A TR EE B B [R] T, {H7F 94 i
FEAT WS D51, 2498 BT BE Ry 20 °C 5 25 C R, Ty
(ETEAREE R S50 B 22 P 25 S R B i 22
ZM366 H 2= 545 b 2, e A 5 I P S 58 U AT
FEZ B P TTRLEE Jy 30 CHY, 25 Ty (I3
T T A G BRI Y Ty (8, MR 508 B
T T, (HAE AR — 30 R RN R A
SR, Ky T 1032 3h 2 BE AR 0 R B 1 T
B, R E 2N Ko T A B oh 7= A i
BELg ! KT s sh B 7 5 R B AR
HH e A 30 °CTF H H ARG S

110F —-25°C
Lok =30
90}
80|
70f
60
s0F
ol
0STC 11523 46 8121624

SR i) /m
a

T, /ms

T,,/ms

P R i)/
b

I =20 C
110 ——25C
[ +30C

022 115234 68121624
AR
C

5 BEXERTE T

P 6 2 B I BT AR rh A OS2I . Ay HR Y
T/ INZEKEARL N AL B P B e 1R 3 A0 K B AR X
XK AT a3 A K B AR K H TR EhK,
ISR VKRR AR I, /N IR e o R 25—y
(973 o HTEL 6 R 1, 5 it L FEE B IR )
Ay (ERE T, VA BTN 10 min B ISBIEAE, SR )5
BT ARG, U S Babbit HF5E/INAFFRL
ARG E PR R — 80 . RN AT RE R NE B
R BRSPS A, K o e R I i) 22 f L B A
B HEANFRLNES , K o ABIA R IE XA B A0S N
i B LI AN R R AL S AL S AT
GOy 550 2 R A R S Ok 46 &, A 1 1]
ARZK, SERCH H K ) P RPR S A AR e 5 )
— R/ NE B2 F B SR B AL B W, K AL
BTG YE (AR 4ER R AR FIARR)




BRI F26% 2018 F 54 1

RENNT

B2, X LE B £ 4l 5 50 2 M 2 WE AR A R 0K
IKPEFEIAT, A5 AR 5 09 W K I K 1, X6 7K 23 1 3™ i
Ffl S BRI BRI o RN A i
AR B EA T AN ), 45 2R 7R Ay (HAE IR B R &)
(L A4 it 2 o B2 24 ] 52 3865 72 ) 9L 1Bl PN i 3l
TE AR 4351 4 h F1 6 h B, GM301 , YN982 1
ZM366 1K FIAHXTARAR ) 7K, BI/INZE A AL Y ff J32
A, JIres VRIS T el e o 53 S Ok B A
IINAE B JR AR G B 38 1 Z A a3 EU
B0 A 2 AL n] UE TR 03 % R A B S AR5/
A WL AR T RE T/ INAS 5 G GO ] 0 8 i, 254 i
AR R A Ay (XA RE , U A K &
FEA IR H 2= FKF 9 5200 T S 2 A2 0E s 96 T fs 91
L KRS T 0 WY R R e IR

1601 20
140}
120}
100

60_
40_—
20_—

082 1152346 8121624
A ]/
a

1601 20
140

120}
100

0§2§ 1152 3 4 6 8121624
&SR] /h
b

160
140}
120}
100
S 80-
60
40
20F

W AT ]/
c

E6 REIERTIRE A23 M

AU ARG s &S R LB BE A Z{H 5146
HEFVEARDE(P<0.05), FZU/NEHELEA
FH 7K B AR A AT/ DN, At I A 7K 43 14 728 Ab 55k B
T = s VN G R TR NN S T B N F R I B 2
(R R TR
2.2 EMEBRNEZIZHEB G

L7 BT 8 43 31l i J5 B[] 5 382 0 I ] X /)N 22
NMRI {9520, AR AR R 0.4 .12 .24 h, B
PR BUARR PE 5% gt W U AR L, B AR B g R
J Ay i 52 ), sk B i 5 0 e/ e (el 5 .
BUAGAZ OB R BT AE T 19 23 [B) 43 A 15 2, B
i LR A A3 Ak 2 R N B S R S A —
SE S, N H K 3 B e A 5 ) AT T E 1
FERR, KRR BRI (S) [FR
(S/N) FRAG o HE R p e @ PE R S B 7 ol
W, SRR oy AR R AR /N IR, IR L vt X R
K> T BANE Ry, V8 R 4 2K a8 A R S AR
KEAIEZTL, 5 Seckinger | FIA {415 HI Stenvert i
IHARNE I FOK 3 BB B B R — B KA/
2 KRG BT AE R AL 4L, 3R 2 XK 4 &
B IR S /N2 B R — P e PR o MR AR R
TRFFK AT TERF R . I o A 3 B 52 b Aof AR 38 7K
Oy e AR T A B8 T, NA R
M RRIK MG A WA D 32 B BRI — PR B i A
—JEK 433 B B0 S HE IR 1 .
ST R AN ML RE B A ] N B R R S
JEFE RS R, T PR R PN 2H B4 M RE A, K )
1 PRI BN L B ) T e B B AR K o)
MEENGZE L mEFL PO #5346, K T
RE/NERFRLRPRLAR /N 22 B0 BE V€ K3 240 MR 25 AN
N P RE 0 AR A G, 1l YNO82 ) NMRI [R5 45, % 1]
B o RULTE LT IR L AL 7K A3 BE v, HL IR
FP R B Im K 2 & B AR R, FF IR IR &R 2 7K
e FEBIREZ —,

7 REEXNE MR E300




RENNT

IRHRERE $26%5 2018 F F4 5

B8 RiARER/NE MRIBFIRNT

3 it
TEA R BRI S5, AR Ty Ay, B2

F LT I ) 0 e AR R S R

TPERRE, T, (B -5 VA R 2 0 35 B A G, A, {H

o I 6] 55 /N2 A0 B B IR A SO s T, A R BLSE R

KeJm BT, Ty, A 3R 5 /N A B i 52 1 35 TEAH G

P, 5 SO M, AL, (85 TR I 8 A

TEAE S, B Jo e ] 6 0 A FR A Ty S5 A

Jo R 1) ek 88 5 TE A S, /N A Al B R S

Ay VST S35 B W (1 2 1 B, 5 /N 22 1l G Wk

FACHE

/N T R NMRI R B K O3 /N2 FE RN A%

PR B PR A A — B A Bh A, — 2K 2 2R

NS (N RS R SR G S v g u ik g i

B AM ] B B B R AR K o N B 3 14 2P ]

JRFLH O PG R0 58 R L P K o B 3R

e, ELMIRB 2 H2 E o /K 4 5 HE AR R AT, 7 IR

WA R K o 5 BRI 2 —

SE

(1T 18 /INZ K A3 I3 0 T 2 8000 SR T RE LT ). AT
T, 2009 (1):13 -15.

[2]Krishnan P, Joshi D K, Nagarajan S, el al. Characterisation of ger-
minating and non — germinating wheat seeds by nuclear magnetic res-
onance (NMR) spectroscopy [ J]. European Biophysics Journal,
2004, 33(1) ;76 - 82.

[3]Krishnan P, Joshi D K, Maheswari M, et al. Characterisation of soy-
hean and wheat seeds by nuclear magnetic resonance spectroscopy
[J]. Biologia Plantarum, 2004, 48(1) ;117 —120.

[ 4] Horigane A K, Takahashi H, Maruyama S, et al. Water penetration into

rice grains during soaking observed by gradient echo magnetic resonance

imaging[ J]. Journal of Cereal Science, 2006, 44(3) ; 307 -316.

[SITWenk, T3, KX /INE B BURF s [ )], 3]
RS2 HAAREERR, 2012, 33(1) <11 - 16.

[6]Horigane A K, Takahashi H, Maruyama S, et al. Water penetration
into rice grains during soaking observed by gradient echo magnetic
resonance imaging[ J]. Journal of Cereal Science, 2006, 44 (3):
307 -316.

[7]Mcentyre E, Ruan R, Fulcher R G. Comparison of waler absorption
patterns in two barley cultivars, using magnetic resonance imaging
[J]. Cereal Chemistry, 1998, 75(6) :792 -795.

[ 8] Banaszekl., Banaszek M M, Siebenmorgen T J. Adsorption equilibri-
um moisture content of long — grain rough rice [ J]. Trans of the
Asae, 1990, 33(1) :247 -252.

(9120838, XU WUMG , T8, 4F . R RE LR A 50 % £ 21 20k i 1) 1 i
TR R RS AT [T, fahBleE, 2007, 28(10) : 127 - 130.

[10]Babbit J D. Observation on the adsorption of water vapor by wheat
[J]. Canadian J Research,1949,27.55 -72.

[ 11 JHorigane A K, Takahashi H, Maruyama S, et al. Water penetration
into rice grains during soaking observed by gradient echo magnetic
resonance imaging[ J]. Journal of Cereal Science, 2006, 44 :307 -
316.

[12] Lazydorczyk M S, Chornick T L., Paulley F G, et al. Physicochemi-
cal properties of hull — less batley fibre — rich fractions varying in
particle size and their potential as functional ingredients in two —
layer flat bread[ J]. Food Chemistry, 2008, 108(2) : 561 —570.

[13]Kweon M, Slade L, Levine H. Solvent retention capacity (src) testing
of wheat flour: Principles and value in predicting flour functionality in
different wheat — based food processes and in wheat breeding — A review
[J]. Cereal Chemistry, 2011, 88(6) : 537 —552.

[14]Ghosh P K, Jayas D S, Smith E A, et al. Mathematical modelling
of wheat kernel drying with input from moisture movement studies u-
sing magnetic resonance imaging ( MRI), Part 1. Model develop-
ment and comparison with MRI observations[ J |. Biosystems Engi-
neering, 2008, 100(3) : 389 —400.

[IS]TIEMR . Ko/ NER T TR D] ifall
K2, 2012.

[16]Saulnier L, Guillon F, Chateigner — Boutin A L. Cell wall deposi-

tion and metabolism in wheat grain[ J]. Journal of Cereal Science,

2012, 56(56) ;91 - 108. &




