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Abstract: Three heat treatments, namely roasting, microwaving, and wet heating, were examined to determine their
effects on the color differences, moisture distribution, microstructure, starch crystalline structure, pasting characteristics,
and rheological properties of adzuki bean flour using a colorimeter, low-field nuclear magnetic resonance spectrometer,

scanning electron microscope, X-ray diffractometer, rapid Visco analyzer, and rheometer. Furthermore, the relationships of
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different heat treatments on the digestive properties of steamed bread after starch modification were examined. The results

showed that the chromaticity changes AE were in the following order: microwaving>roasting>wet heating. Heat treatments

did not change the C-type structure of adzuki bean flour, but the particle morphology of adzuki bean flour was significantly

damaged after roasting and microwaving. The water absorption index and swelling power increased by approximately 25%

after heat treatments, but microwaving decreased the S index. Wet heating lowered the peak viscosity, trough viscosity, final

viscosity, and setback of adzuki bean flour to 1 031.67, 921.00, 1 541.33, and 620.33 mPa-s, respectively. The reduction was

more remarkable than that caused by microwaving and roasting (P<0.05). Wet heating resulted in more significant loss of

bound water than the other two methods. Rheological studies suggested increased dough G' and G" as well as viscoelasticity,

insignificant changes in tand, and improved water-holding capacity. The resistant starch contents of steamed bread increased

to 12.8% and 13.69% after roasting and microwaving for 6 min, respectively. This study provides a reference for choosing

suitable treatment methods to improve the quality of steamed bread made from adzuki bean flour.
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Table 1 Effect of heat treatment on total pink degree of adzuki bean

#AKFE X B /min L* a* b* AE
T 0 7158 £027°  -0.50%0.17° 12.51£0.53" —
2 69.084022°  -3.64+0.05°  2290+0.17° 11154075
k) oh) 4k 22 4 68.77 +0.35° -3.80+0.11° 23.74+0.21° 12.04 +0.70°
6 68.23+0.12°  -3.34%0.08' 25.51+0.37° 13.73 £0.37°
2 70.02 + 033" -3.64 +0.04° 25204022 1326+036°
ok 32 4 67.72 +0.23° -2.08 +0.05° 28.62 +0.22° 16.65 +0.35°
6 65.16£0.67°  -1.99+0.14"  28.28+0.44" 17.12 £0.68°
30 71.004049°  -2.68 +0.08° 19.00£0.06°  689+065
RALE 60 68.88 £0.45°  -2.84+0.05° 19.66 * 0.36° 8.00 * 0.69*
90 68.83£0.56°  -2.93*0.06° 19.42 £0.49" 7.84+031°

E: R =3RRI FEEATEFMEE (P<0.05).
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Fig.1 Microstructures of adzuki bean after heat treatment
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6min; (h) /2# 30min; (i) 2 60min; (j) Z# 90 min.
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Fig.2 X-ray diffraction pattern of adzuki bean flour after

heat treatment
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different heat treatment conditions
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Table 2 Effect of heat treatment on hydration characteristics

of adzuki bean flour

£ 18] %%ﬁ% AR HEFE S J&8 A
/min %k WAI/% S/% SP/%
AKFE 0 278%0.05° 1924+0.1° 3.44+0.07
2 301011 1951167 3.79+0.08"
ol 4 350+0.06° 19.72+1.59° 4.33+0.07"
6  3.49%0.03" 1857+1.09° 4.26+0.04"
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P 60  275+0.17° 19.87+1.24° 3.40+0.17°
90  321%0.02" 1533+2.75 3.86+0.06"

E: Bl =3RRI FHEATEFMHEE (P<0.05).
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Table 3 Effect of heat treatment on pasting properties of adzuki bean

> X B 18]/ MEAB R/ BAERE AR AR/ LABREE = A AE/ &%EM/ M@ﬁ&/
min (mPa-s) (mPa-s) (mPa-s) (mPa-s) (mPa-s) min C
AKFE 0 1643.00+82.21° 1590.67 +75.08° 52.33+19.30° 2819.33+19.30° 1228.67 +43.78" 6.69 *0.54" 75.02 +0.78%
----- 2 16876757165 164133 475.83% 4633%635 2816677930 117533 % 17.30° 698 +0.04° 74.47 % 046"
KEl 4 1832003041 1782.33 £34.15° 49.67 +8.74% 2891.67+63.72° 1109.33 +42.15® 6.76 +0.21"° 73.47 = 0.06"
6 1959.33+92.36" 1881.00+71.71° 78.33 +23.35° 2890.00 96.38" 1009.00 +32.14 6.49 +0.23% 72.60 + 0.05"
o 2 1689.33+86.23™ 1625.00*118.12 64.33 +31.90 2 151.33 +87.79™ 526.33 +31.09° 622¥616°7640i03§;
MK 4 173633+19.35™ 1677.33+17.01™ 59.00 £3.61' 2342.67+31.09° 665.33 + 14.15" 6.40 =0.07" 78.28 +0.06"
6 1758.33+41.00 1689.33+31.97™ 69.00 + 11.27° 2 346.67 + 67.84™ 657.33 £39.53% 6.51£0.19" 78.27 +0.03"
o 30 137433 +44.43% 1269.67+51.73% 104.67 = 7.57" 2410.00 =57.30° 1140.33 + 14.19® 700:§61kr 7638ﬂ:0455.
B 60 1199.33+91.09° 1173.33+83.10° 126.00 +8.19" 2 086.00 216.34° 912.67 = 133.36° 7.00 +0.00° 75.88 +0.03°

90 1031.67%59.18" 921.00 +58.21°

110.67 £2.08"

1541.33 £83.97° 620.33 £28.71 7.00+0.00° 83.12+2.10°

E: R AR FEEATEFMEE (P<0.05).
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Fig.4 Rheological properties of mixed dough with whole

adzuki bean flour
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Fig.5 Relaxation time spectra of adzuki bean mixed dough
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Table 4 Texture characteristics of adzuki bean steamed bread
AL XA BFIE] /min B2 JE /N A # £ /Ratio 3.4 /mm AR EE /N B % /m]
AALHE 0 24.11 478" 0.76 +0.01" 5.04 +0.66" 18.31+3.53"  91.63 +17.98"
2 1871313  077£001°  500+0.18°  1437+254 7340+ 15789
*) 4] 4 30.03 *1.49° 0.74 +0.02° 4.64 *0.73"™ 2233+0.70°  103.81 +18.73"
6 6.16 +0.60° 0.76 +0.01° 5.21 +0.46" 2255+0.42° 11746  10.64°
2 1582+034°  076+001° 405063  12.07+045  49.01+858
fik 4 5.06+0.47° 0.76 +0.01" 428 +0.38™ 17.53+2.37 7554 %1582
6 472 +0.75¢ 0.75 % 0.00® 3.89 £0.70° 14.61 £2.51  58.03 £19.54%
30 2406+ 1.19°  076+0.00° 4404020 1821087  8029+7.05"
A 60 21.67 +1.42% 0.77 +0.01° 4.80 +0.67" 16.77£0.85  80.61 = 13.55™
90 2274 +3.52% 0.77 +0.01° 4.60 +0.51" 17.56 £2.72" 8133 +19.13"

E: B R FEATERMEEE (P<0.05),

2.9 FRE AL B 4T B8 K A AR M
A

SRR R AL B 7 2 4T A Sk B A R AR
FZER. HE4H, RIS E S A R B
THBRAR, (B 5 0 B AL AR L 22 R /N e 1783 b s A
R AR 5, 4S8 kAR AR IR R, EELH
FeFtmfa &S, Rl 6 min AR 4 min
F16 min J&, 21 51% Sk BAE B R M B FRAK, LRI
AT HE A& 20 R NG I 7 TR (% B, SR R
F B 1 2 R P B A A e L B K 2 4 5% 7K 43 )
W A 5T A K 5 A 488 o, R R T . (LR
T Ak 3 7 SR TR R S, A8 o R B AR T 18 Sk Y
ERAAR G5 AL, AT S s HE IR P2 BRI, IR A
RIRERE )RR, BT ARG T @Sk it R
ST ISR e AR . — R, PRIER T
TSR G W SRR, T =R USRS A
RHESMBATRANES, K= 01E
Sk EBREM BN o BRVERE B SN S TE 2R AR TE )
J1JE W BIWIUEIRAS B . &K & Ko 4 A Fl
TENPRIAE X SO RE M i k. R = Fh b B S 8008 sk
eH R 7K R 2 T A58 3800 1 0 G PRI B s, 5 Sk
8 —$0 . IEE P A P NEL IR AR BT R 1
&2, HXTRAML, BRISHISh, ik a3 Bk
HY)HFERE R, HBE A EE S R] 3G = R BE
B RS, Bl EMaLEEk, WA,
B R PR R E O PR RGO, 1Sk HIE DR E
SURINGE, L1 AR Sk 1R B I AR AN K,
AF U FA A B 21 &7 4 by o) 18 Sk 1) PR 5 T A0 3L B e
N, TSI RFIE RN G A M Ra e AR AL

AR B, SHAMKAEI KA, kLS
ANGR DR 7€) 7 QU R ST M Ui

2.10 F[E#HAE L T 4T B AR KR AN
(A

IRAE B P e 72 AR N B A, K3
RDS. SDS F1 RS =AY, Ptk gk & e 7E /M
WA REBEBEAR, 17075 N 11 B 5 7 R YRR R R
RAERER, BHEHEMEE, AoF it s
TR SV AR FETE /N 7F ZE 20~120 min A R
B T AW ARSI — 2R UE Ry, & S A 2
FIEURITE i, A BT 4ere RS ik 5w,
AR TGE AL, K B A A EE
JE A A8 Sk BT 1 S RN T . BEE K
B[] )38 0, 40 08 Sk PR DRV A T A 1 B =3,
& AR I B B/, BUMETER () & R .
KB 6 min B, HIVETERN & EBCRGEIN T 8.4%
FoAio GERFY, KOHIAE ISR S R
el ge 2 R oy ER i fE R, R ek 5 E AR
BRI B GaE T IHE 2 . B (0 I A
R AR DLV TSR AR Tich ==l [N = RANS B S
A PRI LG AE Sk, @A TER & BN, PUEER
A . A% 6 min B, HLPEER & B AR A
FEIEIN T 9.3%. Z5 SRR, T AP S PUiEiE Ry
&R E, AT RE A By R b 2R FH R 4l
BT KBRSk s o ik
FROY T, R 40 B BE X AR AT A B R E . B
AT TR P30, 2T 508 Sk BT A e R R
I, B THATE R B & B RN S R, btk
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VER IS BN, B 6 min, LT8R
VERBARAC N T 2.7%, HUPEvER ECR AL EIE N
T 3%, ZREY, AR EER
FARE, Al AL R I A KR 1 SO E A ) T T
X, BREZNERER, FRIEPERERS
SURERR T A 2 U VERY . BRI, Sk AL B S
ZL A S TR SR & B B AA v T A A P Ak 2R
Ji e
5 AEELHEIMNELSE
Table 5 In vitro digestion characteristics of adzuki bean

steamed bread

P

S min RDS/% SDS/% RS/%
A 0 15.87+0.04" 14.59+0.03" 4.42+0.01°
o 2 1542+1.02° 13.98+132° 5.68+030°
il 4 1576+223° 1273241 9.84+0.17°
6  1687%0.71° 11.57+0.97° 12.80 +0.25"
o 2 1381+0.09° 1324+149% 9.84+159°
Bk 4 14.55+0.11° 14.69 +0.43% 6.90 +0.31°
6 15.11 £0.60°  7.95+0.85" 13.69+0.25"
o 30 1L16%0.57° 11.05+023° 7.11+080°
A 60 1244 +334 15.67+4.06" 7.18+0.72°

90  13.93+£247° 17.34+0.95 7.43+3.42°

E: Rl AR FEEATEFHEE (P<0.05).
3 #ip

VNS LB UD S RANS R o ) i W 4 i1 N 1 €7 1 o
FhAAEE T 2R, W 5E PAh BERT S 20 S Ak ALy
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FHL B G5 R RN R AR S5 A S5 B R bR, DR 8 Sk i
IS o S5 SRR B Bl ROV AL BN 41 5 4
R A R R, b B S 45 AN 1 5%
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VLT[R 3E 0, 205 Ak (P W EDRG FE . A EDRS FE AN
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Fes MG HIRRS K, T RS s R e f oK, i
D 500 72 S PR S PR ML Mg R 55 0 AR AV Ak S B 4
R H . S AR A =R b 2y 2038 18 Sk 1 i
YEVER & BTt &, TR 75N 8.4%. 9.3%. 3%,
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