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I SLYE (low-field nuclear magnetic resonance,
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) 2 PPy, LE-NMR &R &R F e i A
TE-Sb TG, A0 Ik b T I T PR 2 A 20 AT E U B 1) 7K 43
A S AFERE . BRI gIgm ) (7)) 8, BHIAET
HROKAS I BN, SARKA S5 A R, T,
KAy F KM, DSC SRR 1l KR 45 R gl K 2
) 45 AT N AR TR R DX 43 K 2 AN [RDR S

KT NMR F DSC BARAE I ] S il itk o 3 A
AT CAE T 9T . Ruan 28 OR) A% HL AR EL
ARAHT A (B KZE 12%~45%) TRk BTG, 439
F B ORI LR T 34T 1 70 Ay AEBuBrh, &
WT 3 HAARGERE R fEESAA Y, i []
FIKEKE=23%IF, HBLT 5 45 F. Doona Fil Baik!'#f57
INA, FEFKER A% B F, K UARFETES
AEAE, XA R R 7K o S AN ] (R R Ay &5 6 B 5 R 28K LA
AN T A 4y Horr, oK S 0E R B4 RO I [ oK 43
TR SR = SEH .. Assifaoui ZB5% A LF-NMR #f
IC T PR A oK s e, R T KoKk 2 A
55 Ton 294 2 ms, FRARTER AR K B T 7 2 1 R
MG IIKs T8 12 ms, KR FIREK, X5
SRR, S S /KR RS A
el . MR 2EPIR ] DSC H RIS T A PEvEH 1 v
5 THT 1 AT 5 K & B A S o b 1) BH RN o Ty 21O R)
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R RIEAR SO B AT T ] (FKE 45%) TR
RE ORI TR AR A, TR K 23 T A 53 A 1 5E 1
P K S 8 JCHeT T8 B T 5 T PR o Esselink 2512
WM NMR, B M4 (scanning electron
microscopy, SEM) WFFUKRIN, E7KEA 56% 1) A1 ] Hs
Fla, Wi, RRMERAR, Ko WahrEsgmn;
R 5 N IR S R AR, T BRR, K iishbE R
Chen Z5IPURFH NMR 5t 58 AW ST T T AL A8 A 0 ) 2K
SRR, (Rt R, T GRS 27K
SRR EERR, T Ty CHUBIESLF 7K I [ RIS I (1)
FUFER N, 4G T BRSBTS KR
P BEAR . Lai & UVR) A% 4 3L 3R 1% ( magnetic
resonance imaging, MR HARWFFT T [ 4k 8 7 il g
AR OK A AR, FF I 2% A A 78 1
T P55 AR A 5 11 4% T K 3 IR RS A K

Eifeai 5K 50% A0 I AN ], Tk AR T 4% 1
e — PP KRN 32%~35%, BT T J AN IE SR
B, RAERG TS, R AT BGEL M
g, AR TH 4% T A BRI KOS 2 395, ik
PR RLBE /N3, T 7 260 e e R S g P 3 e U
SR, D& THARZK 43 1 4% 1T T v 1R 7K 43 TR A A3 A ik 9 s
b, T B R IS TR T A o 7K 73 RS 1R S Wi i AN 1]
ffi NMR 1 DSC 2 F AR I E 25 R sk Z R G LLAL
I

h TR K 43 T 4% 1 T K Ay AR AEIR A, B
B 55 RN AR K 23 RS TR e i, ARHFSTEL 3 Fp
JUT R S /NS i R B o PR TR S A RE, SR AT
FIET ] (E/KE 35%) , KAl LF-NMR fil DSC #
AR 7 AN (7] 32235 88 R0 45 4 I TR) I AER 7K 40 1 4% 1 141 7K
G TEAS TG AT, FERE— 28 20 B 2 R AR & K 43 T
ARG DGR, DL 0 A 0 T 2R 1 A R

P, PR IR HTITIE, WA R 2 K
R HR IS 2

1 #MR57FE

1.1 RIEs 4

WIS R 32 200 747 4 5. U732 22 b [N
TR AR, 2012 FERGRFFRL, 439 B AR AR E B
YIESET (R Z2RAD « NS BRI AR POV REAT
FRE CTFF 45 $t. ANPGRS, e S KA
T . WS R NY/T 1094.1-2006, ARk 15 At 2 i
F K&, 34 16.5%, FHE A 15.5%. {22117 4 24 h,
K F Buhler MLU 202 5256 B LKy,  HURBY 2] 70%.

INFERY R AE 7V KAy R TS R ] Perten
DA 7200 BUELLAMHTACINE, SRR K oy il
E: WTZAMNE (GB/T 24872-2010) M /N0y kL R (1 5t
SEIE: ELANE (GB/T 2487120100 2% ¥y ms ¥
K H Brabender 827504 LN} FACI % , 2 BN A2 1T 14
[ 4 3R P - W K AR A R R e . B T AE
(GB/T 14614-2006) %, Fi{HZHCR ] Brabender 860033/002
ARG 52, 2 ISR T A R ) B 1 - A 2
5 : P (GB/T 14615-2006) 2. vk MLkt
X JT] Brabender MVAG803202 HU i3 & 26 A 52 ,
WU L BB R HOR RN W AR P I 52« DRIl B
132 (GB/T 24853-2010) &1,

I N R B R AR 1 Ps. BEEE 20 /N
W R TR T A 7 Sy, T AR E I TA) S g5 K
(G I 1 (2 52 15 5 N S A A ) B = 1937
ANFERYP LT LR PE AR S Tl 2 RN R
FeSto TR 4 SG/NFER IR TR I A AR TR
22, 1fi T AR s B 1) g KR A B B B K T 22,
P8 Tl N R

x1 REANEMREMER

Table 1  Flour quality properties of wheat cultivars

INEEHY A T T A e I8 ] R KRR ) ARTE W B 3 SO
Wheat flours Protein content/%  Gluten content/%  Stability/min Max. resistance/EU Extensibility/mm  Peak viscosity/BU  Breakdown/BU

o 22 133 32.40 1.9 128.1 168.4 451 56

Jimai 22

?ﬁ 45 12.1 28.98 52 231.3 163.4 459 128
Ningchun 4

"ﬁ&hgo 15.2 33.08 23.4 813.9 186.0 563 100

Jimai20

1.2 FENFE5EE
AL G R AR T AL AR AFD

IMTD-168/140 R 56 THI 46 ML (b 50 R 07 Al R OR Jg v
) 5 Q-200 Bz R PR CGEE TA XA AFD |
NMI 20-030H-1 %G4RS i R4 BilgRIa 1
RHEAH R AT 3 MLU 202 SEZ&BE (Bt Buhler A 7)) ;
DA 7200 BUT LAy AT (i # Perten AH]) ;5 827504
UK A (fE[F Brabender 22 7]) 5 860033/002 %Y 4 {1
(f# ¥ Brabender /A7) ; MVAGS803202 AYfuim bRidi 55
{% (4% Brabender A7)

1.3 FEiRERIt

HERAFREL 1 000 g /NEERG T ELAFATHIALA, IIAGE i
ZENEK, I AR & KN 35%, JHBFIL; 5t
fRE#EBEFE (70 r/min) 1 min, 2RJ5 &£ (120 r/min) i
3min, FHGE (70 t/min) FEPEE TN [A]; FLASIRAEAG
HEFE 1 min J5 5350,

EH TR 4 R, &N ETER
0.06 MPa, 7 Hs A B A 0 308 ) 2 S8 & & T
B BRI IN A) AR BE B A 8 min ), HE ik, BUASIE K
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AT IS TR) A A BN AR 2 Pz AT ] [ 52 24 8 min
i, AMEIE 1 min. &£ 3 min. FHEHE 4 min, EFEE
N 0. 0.06. 0.09 MPa; FLA [ 7E 4 0.06 MPa I, Al
[fI AT [R5 4 8+ 12 min.
Fz2 Rt
Table 2 Experimental design

et A AT IR 1]
Treatments Vacuum degree/MPa Mixing time/min

1 0 8(1+3+4)

2 0.06 8(1+3+4)

3 0.09 8(1+3+4)

4 0.06 4(1+3+0)

5 0.06 12(1+3+8)

Ve 5T TP T T IR T8+ 5 AT I i)+ SR T Ff 1) o
Note: Numbers in brace indicated low-speed mixing time + high-speed mixing
time + low-speed mixing time.

1.4 {R3FBKiMIZEE IR (LF-NMR) 434

U T F PR A5 I A A R T A L b s I R 4~
Smm A JCHE 4.0 mm GhIFEEAL B B2 1 9k, FEX)
i 2 o W1 Fr VI IA K4 2 mm [W1E 7B, ANE
1230 mm R HEILIR B AR, ARG B TRKAWYS (W
WA 0.5 T) Ao i S A2k pel i ot R
Carr-Purcell-Meiboom-Gill (CPMG) ki 41347 F14,
e AR B E- B e IR 8] 7o SHCKE: KA
TD=10 004, XAEHHR SW=100.00 kHz, SCAF[RBE A A
TW=500 ms, [7[J%>% Echo Count=1 000, [} [7] Echo
Time=100 us, ZNNKEL NS=64. &5 ok 5 (R AF 50,
RIGHEN Ty ROSEFEPAF T ARE i T Sth T ) e i
Kl T il B AN FRIE AR K A RDES, S
JT 78 56 YO A 5 M L 1 B (B R 7on) N P K o T B S
DLREA U R AR 23 T Ay R 0 T AR ) 7 20 b 3o i A oA
[l JE 27K 3 AR 2 10200, 42 T (B K/, 2 lid h
Tov Ty Ty (Ty<Tpp<Ty) o SIGHTIEEGE, RKE
JEIGE SR TR TR, BERAZK A [ R,
FAFEMELZNGE 2 K, SR FE EAnE =R,
1.5 ZREMFM (DSC) 447

U TS AR 5 AR R T A WL R ey 1~
2 mm JEITE F; SE7F 4.0 mm BAIEE H AR 1 k. X
JE 2 K, FAE 3.00 2.0. 1.0 mm 3RAEE E2r s —K.
FEMFRIN 20 mg AoA7, /0 BRI R A CEIERHD
Bk, R AT FH AR ) DSC ACES IRE i SCRERS o
DL B 2SR 06 IR, AR 40 mL/min RS
SRR, L 5°C/min MNEEL (20C) BF2—40°C, AR5
FLL 5°C/min THE % 40°C, 4324018 1 Frosif) DSC 704
M2k, oS4 AT AL FE P A AR AR . RN
HEME 2 Ik, SR PR AEZE R IR .

IR TEAS I3 M ARV KRR E AH, Stk
A, BN 334 J/g, WM DSC & L 0°C B i b iz (1)
1545 AH, Rl TSl R g K (W) I 20 P,

Weo=AH/AH; X 100%

b AH i A1 DSC 3 W R T AR T 5 1) #4075
HRAAE, Jgs AHo HSKI AL TR AS, Tg.

o ot
Exothermic peak
20F
z
E -
g 10r Rk
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-10F FiR
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A1 @A EXFHIH (DSC) 2ATLR
Fig.1 Differential scanning calorimetry (DSC) analysis of water
in sheeted noodle dough

AEHAKE e (W) R E KRG LR E5K B
gy
1.6 it

KH Excel 2007 #EAT s #e B R 2x . RH
SPSS 16.0 H1f] One-Way ANOVA F& /5% A [ dbF 461 T
73 2 RIS FA e T 7 22530, LSD LT 2 LU
Bivariate Correlations f2£/7 740 C 50 #7, K] Pearson AH
KRB Two-tailed & MERK .

2 ZFER59h
2.1 ARIHIZEE TR (LF-NMR) 2 #11R7K 4 T & E F B 7k

DT

2 3 BN R EE 0.06 MPa EL75 44 R 44k 8 min
HIE R K1 T s B s ihgk B 3 A4
W, REBLFERFKIIAZLEN 3 FIES. T (0.01~
0.44 ms) KRFIZEEH/K, FEES 3k s 1%
BEEL K Thy (049~21.54 ms) F/RGFLEEIK, WEh
YEN T2 GG K R H K2, s Ke & TR A
St VRS R T2 Thy (32.75~151.99 ms) FoxH
pKU2TE i 2 PR, T, W g, HA5 SR
b RME S 1 80% A s R WAE THI A B B A 56 35 IR THI 4%
A, KA EBEALERE NI GK. NEHERT
DU, 3 BN I R K 9 25 e Ay AR AT AE 22 57, BF
# 20 TP Ty VALK E] (5.74 ms) /N353 22
(6.60ms) , T'H 45 (6.36ms) /T 20 M 22
Il BEAE 20 [T Top 5 SIRME R E /DT T4 4 SH
DrAz 22, 1Mt T 55 MR B ER (P<0.05) . 45 1%
B, B3 20 K sh s, KoaH A g 51
44 WM . Umbach Z5PWF50IA 0, T HIH /K S5 5 A
SR G LS TER 456 5N R % . Br32 20 J& T /b
72, TR & m, A E0E, KA
WaERe S, PIE BT A oK 4 B AR 3 FlhgZ
3 THT A 7K 23 PR 1 2 St T B ph B R P A ] 3 3
7, Doona A Baik! 50N K, 7K 553 4 5t 1 f
IK A W Bl T g A T o L Hp LA Dt DR R AR FH AL ik
T LD RIS RE
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R 5t IR (7] 7/ms

: 0.06 MPa R4 it 8 min.
Note: Mixing for 8 min at vacuum degree of 0.06 MPa.
B2 3 K-8 B Kok e et 1) T, RUR
Fig.2 Water inversion results of transverse relaxation times 75 in
sheeted noodle doughs from three wheat flours

T2 P M 7K 43 T 46 T [ T oo I 0 THTRR. A, 1A S
MK 3 i, HFEXS Ty To. Ay LEEHFEMW
(P>0.05) o XT3 22, HA¥ 0.06 MPa 514 R Hil1E
P Ty W& /D TAEEA R (P<0.05) o XFF553 20

AT 4 5, HA (0.06. 0.09 MPa) FIiI4/F (1)1 4]
Ay WEETARE AR, 1M Ay WF KT AR
(P<0.05)  LiRg5 R, TN 0.06 MPa K, [ [4]
K g 5 A A 7y G5 A BN B, UK I BERIG.

RV R [RD0S 11 (A1 T SO0 U TIIAR A, 5 45 A an <k
4 7R o RN TR Toyv Top. Aoy JERFE M (P>0.05)
XFT5F232 20, FI1H 8 min AT Tos F1 Ay BE /N T
AT 4 min HIVERITOE], 03E Ay W25 KT 4 min (i 4]
(P<0.05) o X T TH 45, BEMEHTE (12 min)
YERITH ] 45y B/ DT 4 min FIH, TH Ay W ZFR K
(P<0.05) o XT3 22, T 8 min HIVERITIA 45 &
FOR T AR I [R], T3 A, BN . SRR, AITH
IFIA] 4 8 min I, B3 20 FNEF 3 22 T B K 43 i sh
A%, A (4 min) BUFHE IS )E (12 min)
By FEOK s MR TR 4 5, BEE R
MR AE, W PRESEAK (T Wb, 3846
K (T .

*®3 HEZEXNEEKS MR E T K335 EFR A0

Table 3 Effects of vacuum degree on relaxation times 7, and populations of sheeted noodle dough

N HA WIE GG R 9545 G H K ) A RN SEECKEETR B KR
Wheee  Vacuum A1 AT A 1 T 53 43t b
degree/MPa T>1/ms T>/ms T»3/ms A21/% Ax/% Ax/%
0 0.10+0.01a 6.14+0a 87.82+17.22a 18.13+0.33b 80.61+0.57a 1.27+0.24a
ﬁfiég 0.06 0.12+0.01a 5.74+0.56a 76.02+8.66a 19.43+0.49a 79.25+0.41b 1.32+0.06a
0.09 0.11+0a 6.14+0a 86.97+10.25a 19.05+0.11a 79.76+0.22b 1.19+0.11a
0 0.12+0.01a 6.14+0a 76.38+14.98a 17.09+0.33b 81.82+0.41a 1.09+0.17a
Tﬁ 4% 0.06 0.10+£0.01a 6.36+0.46a 70.72+6.97a 18.13+0.11a 80.68+0.30b 1.19+0.19a
Ningchun4
0.09 0.12+0.01a 6.60+0.65a 75.65+0a 18.35+0.19a 80.38+0.14b 1.27+0.05a
0 0.09+0a 6.14+0a 86.97+6.54a 18.01+0.35b 80.74+0.24a 1.25+0.11a
ﬁfiéi 0.06 0.10+£0.01a 6.60+0.53a 75.65+0b 18.31+0.30ab 80.29+0.27a 1.40+0.06a
0.09 0.09+0a 6.60+0.65a 87.82+17.22ab 18.84+0.31a 79.84+0.53a 1.32+0.22a
Ee W SIARNG P REOR P<0.05 K 2R B35, FE. MY 8 min,
Note: Different letters within columns are significantly different at P<<0.05, the same below. Mixing time was fixed at 8 min.
4 FNERE) X E E 7K 5 5t IRE 8] 7, KX U E AR A R
Table 4 Effects of mixing time on 7 relaxation times and populations of sheeted noodle dough
IR AT WIZAE GBI 3Ea KB i H1K A W2 5K g ESE TR I H HiK g
Who o Micie i LB AT AT BT 43 He BT ) b T P 43
s T21/ms Tzz/mS Tz}/mS Az[/% Azz/% Az}/%
4 0.11+0a 6.14+0a 100.00+0a 18.32+40.24b 80.49+0.20a 1.19+0.04a
=3
ﬁi:l;ég 8 0.12+0.01a 5.74+0.56a 76.02+8.66b 19.43+0.49a 79.25+0.41b 1.32+0.06a
12 0.11+0a 6.14+0a 81.31+8.01ab 18.75+0.38ab 80.02+0.52ab 1.23+0.15a
4 0.11+0a 6.60+0.65a 87.82+17.22a 18.89+0.34a 79.90+0.16b 1.21+0.18a
e =]
Tﬁ 4% 8 0.10+£0.01a 6.36+0.46a 70.72+6.97a 18.13+0.11ab 80.68+0.30ab 1.19£0.19a
Ningchun4
12 0.11+0a 6.60+0.65a 87.82+17.22a 17.714£0.43b 81.19+0.33a 1.10+0.10a
4 0.10+0.01a 6.14+0a 87.82+17.22a 17.714£0.06b 80.90+0.26ab 1.39+0.33a
=3
ﬁiﬁ;;i 8 0.10+0.01a 6.60+0.53a 75.65+0a 18.31+0.30a 80.29+0.27b 1.40+0.06a
12 0.11+0a 6.60+0.65a 76.38+14.98a 17.3940.13b 81.25+0.28a 1.37+0.15a

e RIS E N 0.06 MPa.

Note: Vacuum degree was fixed at 0.06 MPa.

2.2 ETFR=
WS

Z e

434 (DSC) A ITRK D EFEFRIK S

VIR ERN (P>0.05) o XF5%E 20, E5 (0.06.
0.09 MPa) FI I 4 F TH 17K 23 b AL IS AR . AT ¥ 45 K

ANTRI LA R RV I ) A 44 £ A e K 2 A A 22
FIURE KA IIE 25 R R 5. 6 . H& S
AL AN 22 W RGO K AR RS K SR

REDERTIEESMm. T 75 4 59, 0.06 MPa
B P I PRI A1 K 43 kAR S AR L TT R S K B
FLT 0.09 MPa T4 (P<0.05) . #4R3 ¥, &1
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fECAEE (0.06 MPa) T, I Hh al iR 45 K 71 73 b
iEROEE A
132 6 I 40, MITHT N R)0S R R & /K 35 8k e 25 5
XA 20, AT 8 min 4 R T 7K 53 Bl I A R mT
HREKE B W ECT R 4 min BIERHEE]. XT3 %
22, I 8 min 1T /K 73 Bl AL RS BRI AT R 4K &5
W AR TR 12 min FIFEATIRE] (P<0.05) o HEUAKE,
AT () 4 8 min I, [0 AT TR S5 K & BB, Rt
I 7K A3 B PR ASCAIG TR IR TR] AN & BN T 250 W] g
FEE =K.
x5 HETENEEKSBUKRTE. AFREK. JEREKIFE
Table 5 Effects of vacuum degree on melt enthalpy change,

freezable water and non-freezable water in sheeted noodle dough
NERY HAE ARGEKE S ARG KE T

EAY A AR
Wheat Vacuum mejj{(‘f[ '.;12) Freezable water Non-freezable water
flours  degree/MPa g content/% content/%
. 0 41.43+0.21a 12.40+0.06a 20.30+0.78a
o1 i.zo 0.06 35.28+1.41b 10.56+0.42b 21.94+1.75a
Jimai20
0.09 37.32+1.39b 11.17+0.42b 21.03+0.48a
0 39.96+0.35ab  11.96+0.11ab 18.29+0.59a
T4
. 0.06 38.81+0.41b 11.62+0.12b 18.17+1.35a
Ningchun4
0.09 40.70+1.13a 12.19+0.34a 17.00+1.45a
. 0 40.16+1.84a 12.02+0.55a 18.96+2.14a
9?':22.22 0.06 38.34+2.81a 11.48+0.70a 17.97+0.01a
Jimai22
0.09 38.78+0.18a 11.61+0.05a 17.96+0.76a

e A A 8 min.
Note: Mixing time was fixed at 8 min.
%6 FIERNENEEKSRIET. AURGK. JERGEKEIFN
Table 6 Effects of mixing time on melt enthalpy change,
freezable water and non-freezable water in sheeted noodle dough

Mixing Freezable water Non-freezable water

ol
Wheat flours time/min AHI(Tg7) content/% content/%
. 4 39.91+0.16a 11.95+0.05a 20.60+1.21a
%fgo 8 35.28+1.41b 10.56+0.42b 21.94+1.75a
Jimai20
12 38.57+0.41ab  11.55+0.12ab 20.95+0.84a
4 38.37+0.10a 11.4940.03a 18.04+0.78a
A 38.81+041a  11.6240.12a 18.1741.35a
Ningchun4
12 38.71+0.83a 11.59+0.25a 18.45+1.40a
. 39.93£1.93ab  11.95+0.58ab 17.92+1.18a
%fgz 8 38.33+£2.33b 11.48+0.70b 17.97+0.01a
Jimai22
12 41.60+0.64a 12.46+0.19a 17.22+0.43a

E: ANHICZEEN 0.06 MPa.
Note: Vacuum degree was fixed at 0.06 MPa.

2.3 LF-NMR FA DSC M7k 5 IR S L5 RBIHE X 2 47
LF-NMR 1 DSC 2 Fi R 53 A& 7K 23 ThI 4% 1T [ H 1
KPR, AR IAR PR an & 7 Pz DSC MG
ATUREEIK Wi 15 LE-NMR U3 (1178 [7) 5t 74 1N (] e [T A A,
W R E AR (7=—0.726, P<0.01) , Y5 A, W3 IEAR
K (1=0.695, P<0.01) o AEZELK Wy S ot 75 1 (1]
Ty FAVETRN Ay B3 UG, FHOCR B0 4-0.714
(P<0.01) F1-0.520 (P<0.05) ; SUETHAR A, 535 FAK
(r=0.564, P<0.05) . Zi3%W], )5 LF-NMR F1 DSC 2
BRI 58 JEERAN ], AR TR IR (1 25 3 B A — 3
5 LF-NMR 7318155 45 5 /KA B 7 b 4, 5 DSC
AT ERE 7K B o L AT IR, TR 245K
TR B 0 Ll Ay S AEARSS /K B 2 LA FRI AR 3

% 7 DSC #1 LF-NMR U ZE E 5 I F 7k SR 7S 45 REVBR 54T
Table 7 Correlation analysis of results of water state in sheeted
noodle dough measured by LF-NMR and DSC

WRA mme mivk wRe smee Amk
TRR kb e Gk ke o
A T T
! ] ] AN A = A N 4

i
lTJ Ty Ty A An A
21

AR E Y L
Freezable water -0.204  0.104 0.124 -0.726  0.695  0.044
content W,

A E A . * )
Non-freezable water  0.181  -0.714 0.291 0.564  -0.520 -0.173
content Wy¢

T T RRAE P<0.05 KF LR, T FRAE P<0.01 KF LB,
Note: "represents significance at P<0.05 level, " represents significance P<0.01
level.

3 it it

AARIGHE I T L 75 BE R K 4 Th0 4% 1h0 ] 7K 4y TE 2
FIAMATHI 520 . LE-NMR Al DSC 58 45 B8], 0.06
MPa IL25 A2 A T A oK o Il sh v, (k7K 73 &5
Pt o M BT IRF90 T 2025 R T XS AE /K 4o T [ 45 F e
IS, 459N, SR 0.06 MPa B3 A ] DLk
VTR, AT (A1 PN 0 45 R B N3, T T B Dk 784
B sgP0, 2 ARG F BE R, 3 (K BLAS R, 1]
DUt 7K 23 55 7 8 (T AR ELAE A D3 i P 2 44 1
TR AP a RickY, ARt @S ] ae
SECHE K\ RGN, XS TR “ 5
HELZ S 0.06 MPa” (145 0 —5(%,

AW G4BT T AT IS R) A K 4 T 4% T B HR 7K 90 T
SRR, BT 4 540, midib 2 R
411 LF-NMR F1 DSC 43 #f 45 532 W, R I [8] 4 8 min
1 TR 8 R iy ' (AP T ST T N A ST T B
JEYI R e FHUK SRR X SRS etk
T R) 2 7.2 min” (¥145 SR R, 30 ph 1T
W5 FBOKS AR, miEAKEARS; M
A, HUbkEER AR 2, SO T,
WL, FEKBEN K. T 4 SR RS
iy 2 AR S AN, BB R IR A, L
YR IE Gk D, F98E A /KN . X AT REE R A T 4
5 B ORI T A A W0, TR R I ()
W, TR R e R K Y gk Bt RE, AENUA 1
R, DRARWO B R BER, T Mg h B ah o
KT B k. T/ 4 S 158, XTKK)
gEA RVRRERE S om, IR R 8 min B, 22 R AN 3
EHE A 12 min, [P EFIZKRES 4 min R 5%
Z5 (P<0.05) (£4) .

F LF-NMR 1 DSC 43 #7 i A (il 7K o R4 JLllse
45 HAT B AT (P<0.05) o v, §545 &K R
W R T SARESS KT 0t Wy & B A 5%
(==0.714) o Ty RMLAIETFLEEKLEETRE, Tn
FRA SR I IX 0 /K 4 G o R s T AR VR & /K2 FR 7
WAL VG N R R AEMAR . 50 PR & S % W
—HBAr K DAL T BB VT BE ST R AR E K I 2 .
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R BiAE: ARG RN 22 75 i A 40 ) T8 % 1T AT O RS W T 293

Ay TR R IR ZEE B KIE 4 L, X5 7K 32 B4
TUEMRINR, AREUREER, WOf 5 DSC R 45 H P 1
R K E o 2R W IEMAHX (=0.564, P<0.05) .
LF-NMR 16 iA W s, K s, TG, 6
ELRERFE S seBEME, RS 2RIk, K/
UM, R RERE. A% BRI E M AR,
LF-NMR i HA ARG, nT LB B BIRE 5 A
ARV Z -2 B EUE, XTI g AR e AT
FEEE Y. 1 DSC AL AE & HF K IR 45 54T 49 S K 43
GiERIL, FHEARRRRALC T P A K EDIRAS M
A5 R, JEHAEN SRS, AT RS S8
e B ARSEARAK, NBRERGH I WA ZR IR K o 5 AR
AL AT LAE H, LE-NMR SR RABEE &, 3L
KRS BT A PEYN . ik LE-NMR A] Lo #r i 2L
TRENGE A 22 ] Toss Ay A W FEMT, LU I 7]
X 4 SH] 4oy Ay B W 1 DSC 434 i1
HIRW, HEAFENGREE 22 T 7K 4 45 ER A LRI
I TR0 72 45 4 5 T B K o g5 A RS TE B .

4% 7

D) LEB KN 35% M4 Al vh, Koy 3 2ELLg5 45
GIKTEALAE, UKD I 80% iAo B 5 & s Al i
BB BEAN A 1) /N Ky, L B Rk 93 T3 oy A Ae A 2%
Ft, BRI /NAE DA 20 HIVERTHIAT T K 23 B BRI

2) 0.06 MPa FLAS AT, Al DALk /K 23 by 1 A 2 1 )
AHEAEH, BRI oK, (edkK o gkt
AR B = B B o S8 A K 2 B RN .

3) XFBEEE 20 fgrdz 22, RHIEN 8 min I,
T A K A sl VA, TS TR AN A2 B o e 384
FHEUKSRBTERIE . T H 4 50 UM
AR, M 4 min BETKS B HEERAG; 4R8: 0,
WIZE G KD, 985 KEZ .

4) KM (low-field nuclear magnetic
resonance, LF-NMR) FIZE/s #4414 (differential scanning
calorimetry, DSC) ll45 [fii [ h /K 7 IRAS R 45 B A —3K
PE. LF-NMR #5355 45 G /KU A T 73 L 55 DSC 13K
AR K H o LE A AR AR &S (=0.695) , HIK
SR A K IAUE 7 5 e R 45K B 43 Lo B A [ AR
L% (=0.564) . LF-NMR AR HATUERG . R i
7 NI e 01 7/ T T = e e N W o L R
HAR.
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Water state and distribution in noodle dough using low-field nuclear
magnetic resonance and differential scanning calorimetric

Liu Rui', Wu Liang®, Zhang Yingquan®, Zhang Heling®, Zhang Bo*, Huang Bolin?, Wei Yimin**
(1. Institute of Agro- Products Processing Science and Technology, Chinese Academy of Agriculture Sciences/Key Laboratory of
Agro-Products Processing, Ministry of Agriculture, Beijing 100193, China; 2. Shanghai Niumag Corporation, Shanghai 200333, China)

Abstract: Dough mixing is the key step in noodle production, which has a great influence on noodle quality and performance
in subsequent processing. During the noodle dough mixing, there is a limited development of gluten due to low water addition
(only 30%-37% moisture content), resulting in crumbly dough pieces. Studying the state and distribution of water in noodle
dough has important implications for better understanding physical and chemical changes during dough mixing, illuminating
the effect of water on noodle processing and providing the guidance for mixing technology optimization. In this study, 3 kinds
of wheat flour with different qualities were used as test materials, and the noodle doughs (with the moisture content of 35%)
were made by vacuum mixing at different vacuum degrees and mixing time. The state and distribution of water in sheeted
noodle dough were determined by low-field nuclear magnetic resonance (LF-NMR) and differential scanning calorimetric
(DSC). The correlation between the results of water state detected by the 2 techniques was also analyzed. The results showed
that 3 spin-spin relaxation time constants, namely 75, 7>, and T3, were identified by the LF-NMR experiments using the
Carr-Purcell-Meiboom-Gill (CPMG) pulse sequences. The second category of water (75, 0.49-21.54 ms) represented the less
tightly bound water, and made up almost 80% of the total moisture in noodle dough. The gluten content and quality of wheat
flour had influence on the state and distribution of water in noodle dough, and the mobility of water in dough from strong
gluten wheat (Jimai 20) was lower than that from other 2 weak gluten wheats. According to the effects of vacuum degree on T,
and its corresponding peak area, the vacuum mixing at 0.06 MPa may promote the interaction of water and gluten protein, and
result in a decrease in the molecular mobility of water in noodle dough. And non-vacuum condition or excessive vacuum (0.09
MPa) could also increase the molecular mobility of water in dough. For Jimai 20 and Jimai 22, the mobility of water was low
in noodle dough after being mixed for 8 min, and the mixing time of deficiency (4 min) or excess (12 min) could lead to
significantly higher water mobility as evidenced by LF-NMR and DSC. While for the flour of Ningchun 4 with low protein
and gluten content, the water mobility was low in dough after mixed for 4 min; with mixing time prolonging, the fraction of
less mobile water decreased and the more mobile fraction increased. The results of water state in noodle dough measured by
LF-NMR and DSC were consistent. The change tendency for the less tightly bound water (75;) detected by LF-NMR was the
same to that for freezable water detected by DSC, and the change tendency for the tightly bound water (75;) was the same to
that for non-freezable water. LF-NMR technique is accurate, sensitive, convenient and non-destructive, which is the preferred
technique to analyze the state and distribution of moisture in food.

Key words: vacuum; mixing; nuclear magnetic resonance (NMR); differential scanning calorimetric (DSC) ; low moisture
noodle dough; water state and distribution



