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Abstract: To inhibit starch retrogradation and enhance the quality of steamed cakes during storage, in this study, we inves-
tigated the effects of different addition levels of adzuki bean powder (ABP) (0%, 8%, 16%, 24%, and 32%) on the water-
holding capacity (WHC) and oil-holding capacity (OHC) of composite flour (wheat flour, glutinous rice flour, yam flour,
and taro flour at a mass ratio of 15:5:3:2), and on the texture, antioxidant activity, color, specific volume, protein content,
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and sensory properties of the resulting steamed cakes. Low-field nuclear magnetic resonance (LF-NMR), Fourier transform
infrared spectroscopy (FTIR), X-ray diffraction (XRD), and differential scanning calorimetry (DSC) were used to elucidate
the anti-retrogradation mechanisms. The results showed that as ABP content increased, the WHC of the composite flour sig-
nificantly rose from 0.97 g/g to 1.43 g/g (P<0.05). Meanwhile, the OHC exhibited an initial increase followed by a
decrease. For the steamed cakes, the specific volume increased from 1.80 mL/g to 2.48 mL/g, protein content rose from
2.17% to 2.72%, and hardness decreased from 683.95 g to 498.59 g. Redness (a") increased significantly (P<0.05), while
brightness (L") and adhesiveness significantly decreased (P<0.05). At the 24% addition level, the total antioxidant capacity,
total reducing power, and ABTS"" scavenging activity peaked. After 7 d of storage at 4 °C, the hardness of all the ABP-sup-
plemented groups remained significantly lower than that of the control group (P<0.05). Mechanistic analysis showed that
ABP was deeply integrated into the starch-gluten system by strengthening the hydrogen bond network. Addition of
16%~24% effectively sequestered moisture and significantly reduced the short-range molecular order of starch. The propor-
tion of deeply bound water increased by 12.13% to 44.19% relative to the control. This further inhibited starch molecular
rearrangement from the perspectives of long-range order and thermodynamics, decreasing the relative crystallinity from
12.08% to 9.01%~9.15% and reducing the retrogradation enthalpy by 15.11%~41.49% compared to the control. In conclu-
sion, the addition of 16%~24% ABP significantly enhanced the quality of steamed cakes and effectively inhibited starch ret-
rogradation during storage.

Key words: adzuki bean powder; steamed cake; quality characteristics; antioxidant activity; anti-retrogradation property
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Table 1 Sensory evaluation criteria for steamed cakes
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Fig.1 Effect of different adzuki bean powder addition levels
on the water holding capacity and oil holding capacity
of the composite flour
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Fig.2 Effect of different adzuki bean powder addition levels
on the specific volume of steamed cakes
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Fig.3 Effect of different adzuki bean powder addition levels
on the color difference of steamed cakes
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Fig.4 Effect of different adzuki bean powder addition levels on
the moisture content and protein content of steamed cakes
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Fig.5 Effect of different adzuki bean powder addition levels
on the antioxidant indices of steamed cakes
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Table 2  Effect of different adzuki bean powder addition levels on the textural properties of steamed cakes
LRI (%) Wi (g) FiE M (gs) e RHIEPE(g) e TE(g) PR [ml 52 1
0 683.95+9.91° —64.91£22.56" 0.79+0.0065° 292.36+17.95" 366.43+18.09° 0.43+0.07* 0.27+0.01%*
8 664.34+17.63° —18.16+6.29° 0.76+0.0054° 251.84+14.18" 330.15+£20.93° 0.40+0.05® 0.27+0.02*
16 524.31+£22.15° —9.50+4.09° 0.74+0.0036° 165.92+7.71°¢ 219.19+12.42° 0.44+0.02° 0.28+0.01*
24 479.93+30.51°¢ —6.95+1.40° 0.70+0.0031°¢ 150.87+14.93% 212.37+15.25° 0.41£0.04™ 0.25+0.00°
32 498.59+19.05" —5.30+4.07* 0.73+0.0067¢ 123.03+£19.21¢ 164.61£10.88¢ 0.3440.03° 0.21+0.03°

TE: PRSI R TR RN 22 57 135 (P<0.05); 3, R4l

AL INUSS e Ah, Z ) AR S R A A
o R A, B AR BT TE R B 2 1 - AR 1 B/
TEMYE AW A, B S EP TR RE T BB
2.4 ZERERRFFME

i 2 7901, Bl 25 41 MRy BN, ZE KR R A
683.95 g W R4 2 498.59 g(P<0.05), H ML 2
TR X SR IENRAERT UNINIHERE LT AT ARG
SRR P51 —3 . SR RTREAE T — 7 I, 158
AR R R R T S KRS S K, KVE R
WASAFNIEGGR T JER-25 1 IS I 20 s 55— 71, £1
S TER R R A AT BEA EERHLET T /N2 1A R
b BEREIR, T B i . FE AR A BRI S5 AP
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AL AT HEREAR T 3B B R, 03 T IHIB Y T
R, FERERYBRTE . RS I MR B s ARk, 7
WINE 16% AL RFFRAFAKCE, =i inEsa T
R DaRHIE Fe2 T Ry b 2R 15T 5 20 AT BB L AH
HAEFPUAL T 2454, EHAESZ T Je RS As- Hik
A2 IECHR, AR e DR I A Rl B A AR 1T B X £ 2544
FAHR, PRIZ 1085504,
2.5 ZAERENEREFM

6 AT, £ 50K R I Xk 25k A JE B I
HA R, FEF IR 0% 3 5 32%, Z5kE
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Fig.6 Effect of different adzuki bean powder addition levels
on the sensory scores of steamed cakes
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Fig.7 Changes in hardness of steamed cakes during storage
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FAIFEE A TR AR PN 2%, S S8 AR JR A B R
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Fl| 6.47%~8.32%, & Xf B0 14 in 12.13%~44.19%.
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Fig.8 Effect of different adzuki bean powder addition levels
on water distribution in steamed cakes
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B IS A2 B, 21 R S DN A2 AR S vy, AFL
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s, FEAALT SNG4 5L RIBIE B TR Z U n) SEEAR
HAEAW, it — R SIS IR e e A
A FFLER F= A2 BRI, XF 900~1200 cm ™! X IR EF 717
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55995 cm /1022 em™' IR R LUAE 43 51 FRAE JE Y
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Fig.9 FT-IR spectra (A), and peak intensity ratios
at 1047 cm™'/1022 cm™ (B) and 995 cm™'/1022 cm™ (C)
of steamed cakes with different adzuki bean

powder addition levels
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AR AT ERSR ST SCA BRI RS AR e B G . — 5 T,
FTIR 43T CUESELL &4 rsd Ak T 4 &R i 43 (Al &
i, XN E A LS TER e A T MR SR A AS TR] 2 R,
BEWT T TEMEERI SR 73— 71, LF-NMR 4553881
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Fig.10 X-ray diffraction patterns of steamed cakes
with different adzuki bean powder addition levels
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Table 3  Effect of different adzuki bean powder addition levels
on relative crystallinity of steamed cakes during storage

LU (%) AHXTZE R (%)
0 12.08+0.43°
8 11.82+0.39°
16 9.15+0.26°
24 9.01+0.13¢
32 10.06+0.81°
2.6.5 ZEREMIIR AR IESNT RS R R IR

RELE ARG R T 2 AR B B0 SRR AR ARIRILT
S I X R EH 2R R R AR K R AN ER 4 BTN
LESL R, 7E 4 °C K 7 d J5, IT A BNl GoB ZE
RErALSEE Y 2R T RE2H (P<0.05), 8% BEZH
FEAR T 15.11%~41.49%, iX 2 BH 21 SR e i 52
BEGERYERSY &, SELRZRRER AL, BB LT S i
o, Ak R W SRS THAa W (P<0.05) . 24

W 16%~24% B, 22 4 5% (8 B &= f5 1K X [a]
(2.44~2.51 Vg, M4 E] TC B 32553, B S ALRER IR
Bt G5 G HTSCHOHT, 3X— S 25 T B 4 AL
TP T XCEAL : — 40 S LT 4 e s 3K (LF-
NMR UESD) se PR T /K5, IR T ie st ir
T AT T R W T S NS e b= T
SRZN 23 [ BH, ELHERHWT T S8 4 G . SR
T, 3 BRI (32% ) i, P44 Z2 i 24 S 380UR) R L
IK, BRAE VE WY HE NI 4 G, SOl B0 8 T 5 &
3.16 J/g. ZL5RS XRD 45 5ash S ids i a

K4 R[RIZLEA RN A B AR PR P F 5 1)
Table 4 Effects of different adzuki bean powder addition levels
on the thermal properties of steamed cakes during storage

LLETINE R WERE KRR Eodtn
(%) (c) (c) (cc) (Jlg)
0 55.45+0.72  61.41£0.92° 72.52+0.61°  4.17+0.20°
8 51.84+0.56° 58.27+0.86° 68.78+0.64° 3.54+0.26"
16 48.83+0.66"  54.64+£0.69° 64.11£0.19° 2.44+0.10
24 49.39+0.34%  55.06+0.71°  65.58+0.59* 2.51+0.18°
32 53.73£0.47"  59.66+0.54" 69.74+0.44" 3.16+0.14°
3 it

ASSCHIGE T AR G AG BRI B X 2 A 78R 5 i
B A HH AR R i . 255K, 16%~24% 11
LIS IR S L X ], BT TR a9 FK
P, HZERE LI E 248 mL/g, ARSI E
2.72 g/100 g, AR EAR T W i S350 1, 23 T 78k
PIZEA IR i R, (R R b o . LIS, A
RIS NIRL A MESINER 24% B, ZEREIHT
AR IS FEME, B PLAE LTETI A 1.19 mmol/L.
BAARIFE T S 0.19. ABTSY A HHIEMFIAE] 24.10%,
FEAILHIZ T, 36 ST S o 5 e S P 245 5 L TRIR
BERG, RYE T ML /K 43R S s (A BH A A EE
RO : FLRRIK GV IR IZ 45 6 7K LU Gl e ) B 20 5%
I 12.13%~44.19%, BR il T 3E 5 2 45 & T 7 oK
5yo RIS, LT 44 58 A a3 Hm o S e 4
SERAERERON,, TP T S AE R S eSS 4 B
25 A, g 7 d S B9 AE X 45 5 R R R 9.01%~
9.15%, ZALKG AR 15.11%~41.49%, 45 fazh )
AN 2 A A T e . SR, ARWFSE
NFZELT 4 °C EW(7 O PR e, RPb Msr
B OB R kA 5 R RS AR 5T, HL 24l ok &R
2T G W B S R TER T (A B R R i R
o AT — IR A RS T 0
ke e tE SR G R EEROR, I 4 s alifb e GUARELH
5y, G B T 1SR SR T B, IR AT T2 i
P EAENLE, e foT . SRS T Re 2 T ]
PR - BT A R BRI
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