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Abstract: The effects of heating methods on the quality and volatile substance contents of frozen red bean paste buns were examined.
Frozen red bean paste buns were heated using three methods, namely, steaming using a multifunction oven, steaming using a traditional food
steamer, and microwave heating. Changes in quality parameters such as water content, texture, color, specific volume, heating characteristics,
and volatile flavor substance contents of the heated red bean paste buns were determined. The results showed that heating methods had
significant effects on the quality and relative contents of volatile flavor substances of frozen red bean paste buns (p<0.05). According to water
content analysis, microwave heating had the smallest effect in the proton migration rate. Texture analysis revealed that heating using a traditional
food steamer yielded the least hard and chewy buns. L* values of the buns heated using microwave were the lowest whereas their a* values were
the highest. The specific volume of buns heated using a traditional food steamer was the largest, with the lowest water loss rate. In addition, buns
heated using microwave had the highest pH values. Solid phase microextraction and gas chromatography-mass spectrometry assays identified
52, 55, and 54 types of volatile flavor substances from buns heated using the three methods. The identified volatile flavor substances were
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mainly alcohols, acids, esters, aldehydes, ketones, and phenols. The results further indicated that heating using a traditional food steamer was the

most suitable method for frozen dough. These findings shall provide a theoretical basis for the selection and control of heating methods for

frozen dough.
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Table 1 Effect of different heating methods on steamed bread

with minced red bean color quality
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Table 2 Effects of different heating methods on steamed bread with minced red bean texture and pH
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Table 3 Results of GC-MS analysis of flavor substances in steamed bread with minced red bean with different heating methods

HemER REHAMn AR e _ AEE :
TR A ) ARG Ok
1.76 C,HO - 34.48 33.12 17.55
4.66 CsH;,0 IE B 16.43 0.12 0.70
13.96 C,H,O KB 7.34 6.90 14.67
19.38 CH30 2-F 1B 3.30 2.51 10.17
7.26 CeH 40 ECE 3.13 3.95 -
22.01 CaoHi0, 2-(FANER) TR 1.41 0.77 0.31
10.29 C1oHy0 (H-# EB 1.13 - 0.16
3.65 C,H 005 123-T =5 0.73 - -
11.45 CgH,;50 2-T A TEE 0.70 - -
15.57 C1H3,0 2-THAREE 0.32 0.25 0.43
4.48 CsH,,0 2-FHRTE: 0.30 0.52 -
4.80 CsH,,0 Fe R 0.22 0.20 0.12
Bk 23.10 C5H,0 (-)-j;é#;ﬁs}‘ 0.19 - 0.39
3431 C16H3sS A B 0.08 - -
39.32 C30Hs00, SR BE 0.05 - 0.23
6.56 CsH,60, LI-3R e P B 0.05 - -
475 CsH,,0 S-(-)-2-FA-1-TE 0.05 0.05 0.62
422 CsH,,0 1- 5B - 24.11 8.89
5.77 C/H30 + kB - 0.32 -
11.83 C,H;50, 5-F R 8E - 0.30 -
23.09 CysHyO ()-Fk-tE - 0.12 -
28.02 C1oH 404 34,5-=F AL FEE - 0.07 -
8.20 CsH;0 23-—FHIANTE - - 0.27
2032 CyHyO Al BE - - 0.23
28.02 C,H1,0 1-(4-BR ) 4B - - 0.23
21.53 C1H300 7-to5-1-85 - - 0.12
26.94 C»H4,0, S 0.30 0.17 1.82
15.38 CoH,,0;5 3-HAEAARRR 0.30 0.20 0.47
3427 CyoH350, IRR-11-=+ 3R 0.27 0.15 0.66
24.02 Cy5H3,0, AR 0.27 - -
15.38 C15H340, B X-13-F N\BH 0.27 - 0.82
11.30 C15Hy50, 10,12- =+ A\ g 0.08 - -
" 23.72 C6H300, AFAR) b BR 0.05 - 0.50
3.71 CoH,,NO, g - 0.94 -
19.25 CsH 6N,0,S, DL-3 LA BA - 0.07 -
32.69 C;HsC,NO,S 2,4- R -5-FRBE R R T B - 0.07 -
2.44 C3He0; HAA T - - 2.68
6.83 CsHeO, 24K BA - - 1.82
21.67 CsHs0, AT - - 1.13
27.07 C1oH4N5O,P MRAF-3-FER - - 0.31

TR
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19.23 C4HoNO,S BEAES - - - 0.85
30.52 C1oH 504 B Sk § - - 0.16
3137 CaoHy0, AR - - 1.49
15.69 C1oHy0, FEALE 0.76 0.37 -
11.84 CsH N0, BT R BR 0.46 - -
1636 CosHs50o F LI BER E+ )R LAY 0.38 0.15 0.16
17.34 CpHg048 3,3-FAR = R B+ A\ B 0.19 0.17 -
21.58 CpHy0, RBL LB 0.16 - -
17.44 C14Hy00, TE-2- K LB 0.08 - -

RS 21.52 CaoHsc0, I 5h B LB 0.05 - -
16.70 CH3,0,8 EANE - 1.09 1.98
17.65 CyHi04 2+ NS ER S By - 0.12 0.58
17.44 CyoHyoN,SsSe FERTE - 0.05 -
39.31 CyH70, fle 5 K & R B - - 0.35
27.45 CaoHy0, BRI - - 0.27
15.68 C3Hy0, 10-+—Hn 5 B8 - - 0.27
13.38 CoH,;50 T 13.78 11.97 10.52
542 CeH,0 ECE 2.95 1.46 -
7.97 C/H,,0 SR 1.08 - 0.31
14.81 CoH,s0 2-EHit 0.95 0.42 -
9.62 C:HO E S 0.84 0.67 -
12.18 CgH,40 2-FHlk 0.54 0.42 -
10.71 CgH 0 EFRE 0.49 0.45 0.47
13.02 CpH0 LBy 0.41 0.27 -
15.99 CoH0 EREE 0.35 0.27 0.58

i3 22.24 C1 H,,0, 7-F A3 T A 0.30 - 0.50
7.98 CH,,0 5-F AT - 1.14 -
11.46 CyHyO 2+t - 0.57 1.51
11.30 CaHps0 M - 0.10 0.16
25.40 Cul0 = %'4'(2’2.’2?;@“% TH) . 0.05 ;
5.38 CeH,0 i3 - - 2.64
6.17 CsH,0, i30S - - 1.59
2.98 C,H{0, 3-FTRAREE - - 0.43
24.65 C14Hy0 2,6,10-= F -9-H -+ —% - - 0.08
2520 Cy5H,,0 2,4-3(1,1-=F T4 )-5-F LKAy 0.24 0.12 -
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22.80 CHso +z 0.46 0.27 -
TR
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12.59 CoHyg 0.46 - -
15.03 CioHas 3-FHA—4 0.35 0.35 0.62
14.72 CiHs0 1+ 0.30 0.20 -
9.45 CH,,0 1,2- R BHEFRH 0.27 - -
24.76 CisH,, A-EEH 0.08 - -
12.70 CHy, 1+=% 0.08 - -
10.34 CoH,,0 2-iE R Hrk - 1.07 -
7.71 CioHpsN R A - 0.60 -
19.91 CsHs, Et Ak - 0.57 1.86
12.04 CioH,, - 0.10 027
23.28 CysHyy (H)-B-AARM - 0.07 -

x4 NEIMHAA R E KRR FEFE & 8

Table 4 Types and relative contents of flavor components of steamed bread with minced red bean in different heating methods
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