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Abstract: To investigate the effects of Lonicera japonica polysaccharide( LJP) on the frozen storage stability of frozen
dough and the quality of pre-proofed red bean paste buns. Frozen dough samples were prepared with different levels of LJP
(0, 0.5%, 1.0%, 1.5%, and 2.0%). Following freeze—thaw cycle treatment, the pasting, rheological, and thermal properties of
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the dough were evaluated, together with moisture migration and protein secondary structure. In addition, the texture, spe-
cific volume, color, electronic nose response, and sensory scores of the resulting red bean paste buns were analyzed. The
results showed that LJP improved dough stability during frozen storage by binding water molecules through its hydrophilic
groups, thereby mitigating ice crystal-induced damage to the gluten network and enhancing the water-holding capacity and
structural integrity of the dough. At an LJP addition level of 1.5%, the dough exhibited the highest storage modulus (G') and
loss modulus (G"), the greatest proportion of bound water, and increased contents of the more stable a-helix and fS-sheet
structures in the protein secondary structure. The gluten network at this level also showed the most compact and continuous
microstructure. Correspondingly, the red bean paste buns prepared with 1.5% LJP displayed the highest specific volume and
height-to-diameter ratio, reaching 1.28 mL-g ' and 0.534, respectively, along with favorable textural characteristics. The
addition of 1.5% LJP increased the contents of aromatic compounds and terpenoids, and inhibited the production of undesir-
able volatile components. The highest sensory score (89.4) was also obtained at this level, indicating the best overall
product quality. In contrast, excessive addition of LIP (2.0%) disrupted gluten network continuity and adversely affected
product quality. Overall, these findings provide a theoretical basis and technical reference for the development of hydrocol-
loid-based quality improvers for frozen dough and suggest a promising new application of LJP in the industrial production
of flour-based foods.
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Influence of LIP on the gelatinization characteristics of mixed flour dough

Table 3

IS4
52

TR R

LIPAS N (%) W L (cP) HHEFE (cP) HIHAE (cP) AR (cP) A=K (cP) IR (C)
0 3941+10.12° 2976+11.36° 965+6.32° 4447+8.32° 1471+4.25° 68.60+£0.36™
0.5 4068+9.56° 3007£9.56° 1061+1.65° 4524+7.65® 1517+3.11° 68.70+0.21°
1.0 4189+9.04° 2733+8.36° 1456+2.35° 4297+7.45° 1564+5.74® 67.80+0.16°
1.5 4183£6.75 2941+8.01° 1242+4.85° 4537+4.12° 1596+5.01° 68.55+0.09
2.0 4420£7.12° 2980:+5.45 1440+5.01® 4527+3.58" 1547+3.98 68.60:£0.11%®

T [ — A L/ NG PR BUE R R AN [R5 RLTP 2 [AIF7E 35 22 57 (P<0.05) 5 $24~FK6[] o

1.5% B, A AH SR 2 RAE 2.37 J/g, B 0%LIP
WINLHEETE 69.6%. X ULH] LIP G IE 43 1Y
A FEHER, B by ek 45 e iR e T, [
At TR B B Z e & LIP IR 2.0% i), T 41
M AH TR, AT RS LIP S 00E M- 25 1 0T I 4%

FIZp =S UM

SEFARAHE, BETTAEATATY AH AR
4 LIP XK B Vb A AR T 1 2 R R )

Table 4 Influence of LJP on the thermodynamic properties
of pre-fermented freeze-thaw red bean paste buns

LIPS AR VA IR )32 Z kiR ik s
(%) (T,, °C) (T, ) (T, °C) (AH, J/g)
0 60.87+1.21¢  65.43£1.42°  83.59+1.75°  1.40+0.09°
0.5 62.56£0.98°  69.34£0.17°  86.65+1.35*  1.75+0.12°
1.0 64.11£1.04°  71.61£1.34*  86.91£1.09"  1.44+0.07°
1.5 63.47+0.79°  69.35+0.89"  90.25+1.14*  2.37+0.11°
2.0 68.38+1.14*  68.95+0.97°  87.06+0.69°  2.06+0.07

23 SRS ENFR I EERRTFREERS

AR SRR R S v R A T I T BT S A
PERERIAZ.CMFEPR, IERERIR (G) I T W) S fitif 7 AR
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s AR EAENASTE G i, ARG EEE AR
T P4 D) 285 2 A R e e R v R 22 R, I 1 BF
715, LIP X3 1 ] A A SR 4 i sg i 2 BH, B g [ Y
G'Fl G"HIBEMAMCRET S miREs:_ BT, H GURZRT
G", FEHHV R A AT B0 52 LY (P e R (ARRAIE, 5
e F AL, ST R TEAR T B A R
LRSI VIAE DG, X 5458 i 5PN BIFIE 45 2R — 3
W LIP 5, YV EmERA G G5 0%LIP B

ZHAH LB W AR, HARE I W A SO . EAH
[FIFAAETT, LIP WANE R 1.5% 21 ER Y GFT G"
BB {E, 24 A8 N 62.8 rad/s B, G~ 78242,
G"ik 23162, X PiHiE & LIP n] i 35 /K 37 5w
BB R . JER TR S E, sRAL LS 454 1Y
BUEE, BE5R T RVE R, AR A i ER i sk
FURG PR, 24 LIP W in&E R 2.0% B, GHI G"#JH
PN B, 3X T BRJZ T e B 204y 1 5 kAR
4, IR FEAT IS A I 510, S E3RE P mg A 3
o BN, LIP BRInNEN 1.5%~2.0%
A5, tand (B SR FZ2 U PIAE VG ], R_UIEIZGINE T, A2 1H
BRSPS R A, BERBLRUEIS R Rt v &
AN Zy 2, N Redidss 288 5 il 1 gk,
24 SRUEZENFREICEETKS DRI
VR URAR T R AE VR R S Uit A2 vh 5 ke A oK 433
F%, IK B3 AT FAFAE R AT 1 A A T AR AR = i
JhEE S B, T A A LR T, R 43 il L a1 2
iR, Horp A~ 2B T,,. T,y /0B CER LSS
IKFNE HK, Ay s Ay G350 Toy Top KPR IR
LBW, BT A RES/K AR B /=B, 3k 5 nl A,
LIP &1 %) A PR VR il & v A A B 9 7K 435t B 475
PESLIA M3 (P<0.05) o A, 256 ETHE RIS,
MOLIP RN 0% I, A, 19 & 2 97.796%, 4
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Fig.1 Influence of LJP on the rheological properties of pre-fermented freeze-thaw red bean paste buns
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Table 5 Influence of LJP on the moisture migration
of pre-fermented freeze-thaw red bean paste buns

LIPS (%) T,y (ms) T,,(ms) Ay (%) Ay (%)
0 0.01£0.001* 55.908+0.163Y 97.796+0.945" 2.204+0.126"
0.5 0.01£0.001* 55.908+0.201 98.577+1.015® 1.432+0.205°
1.0 0.0120.001* 77.462+0.187" 98.739+1.695" 1.261+0.658°
1.5 0.0120.001* 65.793+0.108° 98.510+1.364" 1.490+0.123¢
2.0 0.0120.001* 91.116+0.314* 96.897+1.987° 3.103+0.136"
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Fig.3 Influence of LJP on the secondary structure

of pre-fermented freeze-thaw red bean paste buns
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Fig.4 Influence of LJP on the texture of pre-fermented freeze-thaw red bean paste buns
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Table 6 Influence of LJP on the specific volume,
height-to-diameter ratio and color of pre-fermented

freeze-thaw red bean paste buns

LIPAIE A
(%) (mL-g")
0 0.90+0.09° 0.459+0.01° 76.52+0.52* —0.13+0.05¢ 21.61+0.65¢
0.5 1.19£0.11° 0.474+0.01° 73.5240.66° 3.24+0.14° 28.59+0.50°
1.0 1.18+0.08 0.481+0.02° 64.12+0.45° 3.37+0.24° 26.55+0.51°
1.5 1.28+0.1° 0.53420.03" 63.36:0.66° 7.36+0.44° 32.55£0.52°
2.0 1.23£0.09% 0.482+0.03" 57.35+0.54* 9.16+0.62° 33.23+0.61°
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Fig.5 Influence of LJP on the PCA and electronic nose response values of pre-fermented freeze-thaw red bean paste buns
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Fig.6 Effect of LJP on sensory evaluation of pre fermented frozen thawed bean sandbags
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