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Abstract: This study investigated the effects of immersion freezing (IM) and air freezing (AF) on frozen dough properties
and the quality of the resulting baked bread, aiming to provide a basis for the development and application of rapid freezing
technologies in flour products. The study compared the effects of the freezing methods on the various characteristics of
dough, including the freezing rate, rheological characteristics, water state, microstructure, free sulthydryl group content, and
secondary structure of gluten proteins, and the texture, hardness of the baked bread. The results showed that the freezing
rate of the IM dough (1.67 °C/min) was significantly higher than that of the AF dough (0.38 “C/min), the elastic modulus
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(G") and viscous modulus (G") were closer to fresh dough. Furthermore, IM dough contained 0.53% more strongly bound

water and showed 0.09 umol/g less free sulthydryl groups compared to the AF dough. In the IM dough, the secondary

structure of gluten proteins was more ordered and the gluten network was more continuous. Compared to AF bread, IM

bread exhibited a 9.49% increase in porosity, a 4.56 cells/cm’ increase in hole density, and a 0.09 mm?® increase in average
hole area. The hardness of IM bread was 125.00 N, closer to that of bread made from fresh dough. These results indicated
that IM more effectively preserves dough quality by inhibiting ice crystal growth and reducing gluten network damage.

Consequently, the characteristics of IM bread were closer to those of bread made from fresh dough, which had significant

technical advantages.

Key words: immersion freezing; air freezing; frozen dough; bread quality; gluten network
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Fig.1 Freezing curves of dough under different freezing
methods
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Table 1 Effect of freezing on the moisture composition
of dough
S Ay (%) Ay (%) Ay(%)
Fresh 14.93+0.16" 84.01+0.14 1.06+0.04°
AF-0D 13.79+0.05° 84.28+0.11° 1.92+0.01°
IM-0D 14.32+0.07° 84.05+0.14" 1.62+0.04°
AF-7D 11.51+0.05° 87.76+0.17¢ 0.73+0.05°
IM-7D 11.85+0.10¢ 87.00+0.03¢ 1.15+0.02¢
AF-14D 8.66+0.13¢ 89.90+0.09° 1.44+0.01°
IM-14D 10.510.04" 88.43+0.21° 1.06+0.03°

TE: B LI e brifi 22 30w ; [ —30 iR R /NG RSB ) 7
TE P2 53 (P<0.05);0 D, 7D, 14 DA BRGS0 d. A7 d.
FRER 14 d, 22~F30R],

2.1.4 HP OSSR T USSR YR T AT T
W2 LA B FE IR, SR FH SEM. R BEXHA R I8 e ) T
A BEATH, LB 4SS ANE 3 Fias . AE i A B AY
SRR, TR R P= A AR AR 1, T AR S i 2

P 3 VA VRO THT P OUL 2 ) 5 )
Fig.3 Effect of freezing on the microstructure of dough
TE: 2B SR EBORAE BN 500 15 47 51 W% EOR A5 50CH
2000 fi.
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Fig.4 Effect of freezing on the free sulthydryl content of gluten
proteins in dough
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J A /DN A o T 5 2 P U LA A R R B R SRR
NS BRI T A4 1 SRR Y, TR A 48 SR AR o

22 HEMRT

2.2.1 HALSECERGEAINER A N ER R SFLES
FE ST TATELAHRE T FIRA SRR BN, S PP TG
SR EZEFE R . R 3 BE T AN, AR TR
MFLER R (46.06% ) FISFLZ E (107.12 cell/em?), ¥
o T A LR T A LB S AL B3 T RE(P<
0.05), X5 M BIEENY B oeah R —2k . UERIE 5 i
LI E IS5 A 32 3 45T, Bt mmal bl o
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H Mg 1 A U dseopiG, LB GR > HRVIN . S0 As
Yo HZ AT EE SR AT A0, ¥ R B O As+4 HH BR
2T, EE s SR TR, WA e
AT IOy, T 0 T A P45 R R, T A R s
B, FrURE AR 22, e B R L R e dil il F v A FL
BERBUITAL G I, FLBR RS BN AT
AF ZH i, IM ZH I i FLBRR . SFLE A SFLEY
THIFRSF IR T 9.49%., 4.56 cells/cm? F1 0.09 mm?,
L H LU T 4060, T B RES T FIFA R BE o
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Table 2  Effect of freezing on the secondary structure of gluten proteins in dough (%)

SR ST Ep-HTE R FAT -4 TeHA o- 1R JiE B S pE
Fresh 15.77+0.25° 18.560.16" 20.93+0.31° 25.08+1.17° 18.10+0.82¢ 10.98+0.25°
AF-0D 15.12£0.19" 18.13+0.18% 23.97+0.32¢ 22.06+0.08° 19.79+0.25™ 10.29+0.44®
IM-0 D 15.43£0.12" 18.36+0.02° 23.50+0.54° 24.12+0.19% 18.29:0.44% 10.77£0.49®
AF-7D 14.3340.18° 17.29+0.05° 26.29+0.92° 20.43+0.12¢ 20.77+0.49® 9.25+0.40°
IM-7D 14.87+0.21% 17.4420.16™ 24.97+0.28° 23.33+0.18" 19.28:0.40>¢ 9.00+0.69¢
AF-14D 13.21+0.21¢ 15.83+0.43¢ 29.95+0.43° 19.87+0.21¢ 22.00+0.69" 9.87+0.06"
IM-14D 14.19+0.19% 17.22£0.27° 25.65+0.49™ 21.21£0.21¢ 19.870.06™ 9.96+1.16"™
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Table 3 Effect of freezing on the texture of bread crumb

Sl FLBRR(%)  AALEE (cells/em®)  SFLIIH A (mm?®)
Fresh 46.06+1.08" 107.12+5.64° 0.43+0.06*

AF-0D 26.41+2.45° 85.20+4.34° 0.31+0.03°

IM-0 D 35.90+1.02° 89.76+3.41° 0.40+0.05°
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Fig.5 Scans of bread crumb cross-section
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Fig.6  Effect of freezing on the hardness of bread crumb
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