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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 3 Results of GC-MS analysis of flavor substances in steamed bread with minced red bean with different heating methods

fadER REHAmn EX e _AEE ‘
TR ] AR A BRI
1.76 C,HO tai:3 34.48 33.12 17.55
4.66 CsH,,0 EREE 16.43 0.12 0.70
13.96 C,HO KB 7.34 6.90 14.67
19.38 C;H;0 2-F -1+ hi R 3.30 2.51 10.17
7.26 CeH,,0 ETE 3.13 3.95 -
22.01 CaoH,0, 2-(t AR TEE 1.41 0.77 0.31
10.29 C1oHy0 (H)-% % B 113 - 0.16
3.65 C4H,40; 123-T =8 0.73 - -
11.45 CgH,50 2-T B 0.70 - -
15.57 Cy6H3,0 2-TARE 0.32 0.25 0.43
448 CsH,,0 2-FATE 0.30 0.52 -
4.80 CsH;,0 5 REE 0.22 0.20 0.12
. 23.10 C5Hy0 (-)- T A B 0.19 - 0.39
R 3431 CieHasS B 0.08 ; ;
39.32 C3oHs00, BAR B 0.05 - 0.23
6.56 CgH 60, L1-SRE ¥z 0.05 - -
475 CsH,,0 S-(-)-2-FA&-1-TE 0.05 0.05 0.62
422 CsH,,0 1-58% - 24.11 8.89
5.77 Cy;H;0 B - 0.32 -
11.83 C,H;50, 5-FASE-1-58 - 0.30 -
23.09 Cy5Hy0 ()-FFKrtEE - 0.12 -
28.02 C1oH1404 34,5-ZF AT - 0.07 -
8.20 CgH 60 23- =W R IR EE - - 0.27
20.32 CaoHyO AhdhBE - - 023
28.02 CH0 1-(4-BRK) LB - - 0.23
21.53 C1H300 7-+ox-1-8 - - 0.12
26.94 CyH,0, PiS3 0.30 0.17 1.82
15.38 CpHy04 3-F2 A AER 0.30 0.20 0.47
3427 CaoHs50, e = Y 37773 0.27 0.15 0.66
24.02 C5H340, AR 0.27 - -
15.38 C5H3,0, R X-13-+ A\B ML 0.27 - 0.82
11.30 C5Hy50, 10,12- =+ Nk g 0.08 - -
- 23.72 C16H300, AFAR i BR 0.05 - 0.50
k 3.71 CoH,,NO, FOEEER - 0.94 -
19.25 CeH6N,0,S, DL- & AR - 0.07 -
32.69 C;HsC,NO,S 2,4- =5 -5-FR B R T B - 0.07 -
2.44 C3He05 A L - - 2.68
6.83 CsHe0, 2,4- K W - - 1.82
21.67 CsHs0,4 PLATER - - 1.13
27.07 CoH4.N;O,P PREF-3-BEER - - 031
HTR
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19.23 C,HNO,S ) A 2R - - 0.85
30.52 C1oH504 Pt - - 0.16
31.37 CaoHyO5 oA B - - 1.49
15.69 CoH,00, F I TES 0.76 0.37 -
11.84 CsH,oN,O, FEIF B R B 0.46 - -
16.36 CasHss00 F LR # E+ TR s 0.38 0.15 0.16
17.34 C,Hg0,8 3,3-FAR = A BRI+ \ 0.19 0.17 -
21.58 C,H,,0, REATE 0.16 - -
17.44 C14Hy00, TE-2- K LB 0.08 - -
S 21.52 CyoH360, TR LB 0.05 - -
16.70 Co4H3,0,8 $27 Bi - 1.09 1.98
17.65 CyHypOy 2-+ NIRER A b B - 0.12 0.58
17.44 CaoHyoN,SsSe FER LB - 0.05 -
39.31 C4H7,0, e 4 Ak 2 R PR B - - 0.35
2745 CyHy0, RBL S - - 0.27
15.68 C3Hy0, 10-+—Hi B8 B8 - - 0.27
13.38 CoH,;50 B 13.78 11.97 10.52
542 CeH,,0 ETE 2.95 1.46 -
7.97 CH,,0 )3 1.08 - 031
14.81 CoH,s0 PR 0.95 0.42 -
9.62 CH,O S 0.84 0.67 -
12.18 CgH 40 2-FHlk 0.54 0.42 -
10.71 CgH;0 EFE 0.49 0.45 0.47
13.02 CpH0 E NS 0.41 0.27 -
15.99 C1oHy0 AR 0.35 0.27 0.58
S 22.24 C1Hy0, 7-HRSR-3,7- R 0.30 - 0.50
7.98 CH,,0 5-F TR - 1.14 -
11.46 C1Hy0 2-+—HEs - 0.57 1.51
11.30 CaoHps0 E B - 0.10 0.16
25.40 CuthO0 = %'4'(2’2_’;?;@1'5* TH L) . 0.05 ]
5.38 CeH,,0 B - - 2.64
6.17 CsH,0, i3S - - 1.59
2.98 C,H;0, 3-§ AL AR - - 0.43
24.65 C14Hy0 2,6,10-= F £-9-H-+—% - - 0.08
25.20 CysH0 2,4-3(1,1-=F T4R)-5-F KBy 0.24 0.12 -
27.07 C14Hy0 x4 HOR By 0.16 0.12 -
BRIE £ 5.85 C14Hy,0, 2,6- AT Hht R =By - 0.35 0.93
21.59 Cy5H3,0, 5tk = S -2(3H)-k R - 0.07 0.08
3.64 C,H{0, 3-HK2-TH - - 3.07
15.79 CoHag Et 1.77 1.39 2.60
HAbk 21.52 CieHas EASK 0.57 - 0.39
22.80 C4Hs +egiz 0.46 0.27 -
TR
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12.59 CoHig 0.46 - -
15.03 CoHyg 3-F Ak 0.35 0.35 0.62
14.72 Ci6Hzo 1-+o8 0.30 0.20 -
9.45 C,H,,0 1,2- 3R BT b 0.27 - -
24.76 CsHy, A-E¥W 0.08 - -
12.70 CpHy, 1+=% 0.08 - -
10.34 CoH 40 2-iE KAk - 1.07 -
7.71 CoHi3N pRAF 785D - 0.60 -
19.91 CysHa, E+ A - 0.57 1.86
12.04 CioHy, - 0.10 0.27
23.28 CysHy, (H)-p-ra AR - 0.07 -

* 4 FRIMAAREI B KR REFHEFER S 8

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

Fm#Tr X BE K & EES Bk BRE & HAt

S HIREE% 68.87 1.54 2.08 21.67 0.62 4.13
AP & 17 7 10 2 9

Pt ] HIREE% 71.04 1.61 1.96 18.77 0.87 442
AP & 16 6 14 4 9

P HIREE% 51.39 12.69 3.61 19.68 431 5.52
Atk 16 6 12 3 5

3 Zhip

ASCHTE T A FINFATT 0 ZIERIK S 5347
P UM pHL 788 b ST AN A M U R 731
SN o SO IMBGE SN T SR R/KZE (p<0.05),
EREKR DA GRS WO TR
FR AT, ARGARTENINEAE S . A BT A
PRFINETT A, FF BAA RGPS T b ks 2 FIRE
M, HARE MR E; St — PR
SPME-GC-MS X 527040 45 5 A KR A Jo A T 26 B
FUFEATREIN, 2 ARSI 52 Fl I REZRIEAFNIIHO |
55 Fh (LG 28 INHO. 54 B Bihnso 48R X
WRAIGT, AR AN RIS B 1 U Jo gk 47 o 1
SN, RIS WK, B R BV R B R Y
o = An#ATT AL ) YD G RUR A JS RS AR
TEERIE, R KRR R S B R R
5 G0 7558 N A 5 T Ath 95 2E A U B 2RAR 6 & i
B, KF 71.04%, BRMFKRZ, & 14 0. [FE,
bR TRRIEWIIISN, REZASEFE NI AL G2 T Ik
M E G T 2 B M RAAEE R &S
JiT, XA 2R AL SR T RS I S b )
EEEE., SREHEPERRAEEAR, S amX
WRPT AN (S5 50 P S ARXS & RIK 183
PR, 7T Re 2 VAR T H R e InF g FE

LIV RN R R I AE AT Y, S BCED
BRI IR T 6 A RIS 88 R )
Jite ASCEEGRGE T AR AR R S e
it JFAAE RN R SR IR, T U 4h 2R Bon 780
VESE B YR OINE,  DUIH AR b Tolkfe
7 RO AR HE R IR I S H B Ig TR .
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