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Table 1 The quality of wheat flour used in the experiment

Ko&E/ waR R ﬁzﬁ Y A #E AP M /mm LA A EAE/BU e 2 s
/% 2% min e A /EU B
13.1 10.9 30.6 2.0 132.0 185.0 404.0 109.0 373.0

1.12 YE8 54 DAT200 BT 21 A0 A, Bt [—RAME — Rk — P
i Perten 23 7] ; MVAG803202 % {3 f2t PRt AL or
f# [% Brabender 2 # ;FN1900 %I [ 7% %% (6 1Y . 600 ?gojﬁgllﬂ ﬁEH;T:ﬁioo BU
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Fig.2 Water binding state of dough with different mixing time
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Fig.3 The ratio of water in different binding states during the mixing of fresh dough
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Fig.4 The relaxation time of water in different binding states during dough mixing
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Fig.5 SEM images of cross—sections of dough with different mixing time
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Fig.6 Water binding state during frozen storage of dough with different mixing time



82 hoE B

TS 2022 4E55 2

FEAE R, T BOK I3 25 40 IR A8 K A2 s, Ky
TSR B AR & BV R T A TS AR
M2 N 3 al LUA WS A AS [ 4
TE1) P T AT 7 R, T AT P S ) 85 5 7K LB 2
RAT ORI BE A AR Ak, 2 B VR Rt 8 X 1 1A 1
KA IRAEAT B, VRGBT, 5 Ak e
[E1) T 1A i 245 5 7K RN 55 45 7K L )34 6 B 3 25 5
(P>0.05) , SX MR ES IF 500 BU 1 F s 45 47K 1
151 I 4% R 100 SR 9T I, 5 485 5 7K B {90 T 08 o
TER G FE P WIS T 500 BU T A1 i 25 4 K L
Bl lR 2 T HE 4 AR ] A 1 5R 455 K H
i, S35 K GG AR F LB 4 A B FE i a]

P 1) 55 45 5 K Ee 9, 7 T A R A 1 30 d s M
BT 500 BU i P i 3/ 6 A oK B 4 A
FHRF ] A O oR B

2.2.2 XA VR K 43 5t B B 18] (7o) RS2 DA
4 ME S5 Pl LLE W5 A E G FE 8] T
VA FE i A, T A R AS TR 45 A RS 7K 43 Y il
TS A2 B T 8 2 5 BE A R T T ) S A
R B [ vp TR 5 e 55 6 | BT 500 BU 4%
SEREPE 12 min 0 A SR 45 S K bR ] 5545 &
KBt 4 s [E] 25 5 T WIS 2 500 BU i A1 #E
VG 0,1 d B, ARSI 21 58 45 75 /K 5t B 0 T, 7E R
JE 30 d J , T AT HR ARG 0 B 5 /N 1 iR 4G B K ot T s

$ 2 RE R I B R AR Rk 5 5 A H 1 (A AL

Table 2 Variation of water binding ratio (A4,) during frozen storage of dough with different mixing times

. A%
E gt — ~ —
A 0d Ha 1d A8 30d
Rl i& 2] 500 BU 0.00 + 0.00® 0.00 = 0.00® 0.41 +0.34"
# 2 B P A 0.32 + 0.06 0.00 + 0.00<* 0.58 +0.14"
R & 7+ 500 BU 4.38 +0.44" 4.02 +0.87% 2.89 +1.92%
&0 285518 30 A~ BU 0.35+0.21 0.38 +0.12* 0.65 + 0.49"
& JF 500 BU 2k £z 84 12 min 1.84 + 0.95" 2.03 +0.99" 2.82 +0.93

AN R B 18] 89 22 5 /NG AR OR (P<0.05) |, AN TRV S s 1) f) 22 53 R B 7 8F 368 (P<0.05) , T 1AL,

®3 FEHHEEEEAFRIERKIESILG] (A2)HEX

Table 3 Variation of water binding ratio (A5) during frozen storage of dough with different mixing times

, . A /%
o _ ~
KR 0d A 1d A 30d
M i 2] 500 BU 100.00 + 0.00* 100.00 + 0.00** 99.59 + 0.34"
AT B P S 99.68 + 0.65* 100.00 + 0.00* 99.42 +0.14*
R & 7 500 BU 95.62 + 0.44* 95.98 +0.87 97.08 +1.93"
i # #1455 1L 30 A~ BU 99.65 £ 0.21* 99.62 + 1.16* 99.35 £ 0.49*
# JF 500 BU 4k £: #t # 12 min 98.16 + 1.22" 97.97 + 0.99" 97.18 £0.93"

R4 R 8] R T R ok o IR A i (T, ) B L

Table 4 Variation of relaxation time (7% ) during frozen storage of dough with different mixing times

. To/ms
Bt FF B 18] — -
#80d A 1d 8 30 d
R i£ %] 500 BU - - 0.04 +0.01"
A4 T BF 1) Pk 0.03 +0.01¢" - 0.04 + 0.00"
R & 7+ 500 BU 0.07 + 0.00*" 0.07 +0.01* 0.05 +0.01*®
SR =15 5548 30 /A~ BU 0.03 +0.01 0.04 +0.01"* 0.04 +0.01"
B JF 500 BU 4k £: 3t 4 12 min 0.05 +0.01"® 0.05 +0.01"® 0.06 = 0.00~
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Table 5 Variation of relaxation time (7Ty) during frozen storage of dough with different mixing times

. T>/ms
FiE H B 18] —
#30d a1 d #38 30d
R ik #] 500 BU 14.97 + 0.49* 16.27 + 0.85* 14.25 + 0.20®
# & BF ) P A 13.08 + 0.57"" 15.30 = 1.19" 14.59 + 0.62
R & 7 500 BU 11.71 £ 0.14** 12.19 + 0.39" 12.19 + 0.68"
o B R E A8 551 30 A BU 13.13 £ 0.28" 14.33 = 1.14 13.89 + 0.69\
# JF 500 BU % %: #t # 12 min 11.53 £ 0.33* 11.83 + 0.30® 12.54 = 0.41"
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Fig.7 SEM images of frozen dough during frozen storage with different stirring time (500x)
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Effects of Frozen Storage on Water State and Ice Crystal Form of Non—fermented Dough

Chen Li, Zhang Yingquan, Wei Yimin, Guo Boli’
(Institute of Food Science and Technology, Chinese Academy of Agriculture Sciences | Key Laboratory of
Agro—Products Processing, Ministry of Agriculture and Rural Affairs, Beijing 100193)

Abstract In order to clarify the state and distribution of water in non—fermented frozen dough at different mixing times
and during freezing storage, low—field nuclear magnetic resonance (LF-NMR) was used to determine the moisture state of
dough and after freezing during the dough mixing process by farinograph. The results showed that: In the dough mixing
process, the proportion of strongly bound water (A,) in the dough just after leaving 500 BU was the highest and the
proportion of weakly bound water (A,) was the highest. At this time, the water binding state was the best, and the
gluten was fully hydrated. Ice crystal pores with irregular shapes and uneven distribution appeared inside the dough with
different stirring times after freezing. However, the A, value of the dough that had just left 500 BU was still the highest
after freezing, the number of internal ice crystal pores was small, and the area of ice crystal pores was small. The
moisture binding state was better. Conclusion: The moisture binding state of the dough that just left 500 BU from the
farinograph kneading process was the best, the gluten network structure was fully formed, and the mobility of internal
water molecules was the lowest. After frozen storage, the moisture binding state of the dough that had just left 500 BU
was still good, and the internal water molecules were relatively stable.

Keywords frozen dough; mixing time; water binging state; low—field nuclear magnetic resonance (LF-NMR)



