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ABSTRACT: Objective To establish a sensory evaluation system suitable for commercially available steamed red
bean buns and explore the correlation between sensory indicators and instrumental analysis parameters. Methods
Sensory evaluation indicators were screened and their weights were determined based on the fuzzy binary contrast
decision method, and an evaluation system was constructed in combination with expert consultation. The 12 kinds of
commercially available steamed red bean bun samples were selected for sensory evaluation and instrumental analysis
(texture, color difference, electronic nose, electronic tongue). Correlation analysis was used to clarify the relationship
between sensory indicators and analysis parameters. Results A sensory evaluation system comprising 8 indicators for
steamed red bean buns was established, in which taste had the highest weight (0.20). Among the 12 kinds of commercial
samples, sample 8 received the highest comprehensive sensory score. Texture analysis indicated that samples with lower
hardness and chewiness generally achieved higher sensory scores. Colorimetric analysis showed that the L" of all 12
kinds of samples exceeded 80. Correlation analysis revealed that the sensory score for crust color was highly
significantly positively correlated with instrumental whiteness (P<0.001), chewiness was highly significantly positively
correlated with hardness (P<0.001), aroma was highly significantly negatively correlated with the response values of
electronic nose sensors WIW, W1S and W5S (P<0.001), and taste was significantly positively correlated with the
reference signal value cycles per second (CPS) from the electronic tongue (P<0.05). Conclusion This study establishes
a sensory evaluation system for commercially available steamed red bean buns and preliminarily validates the
correlation between sensory indicators and analysis parameters, which can serve as a methodological reference for
product quality evaluation and process optimization. Given that this study is based on a cross-sectional comparison of 12
kinds of commercial samples, further validation of the system’s applicability will benefit from expanded sample ranges
and the inclusion of consumer preference comparisons.
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Table 2 Candidate indicators for sensory evaluation of steamed
red bean bun
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Table 3 Statistical results of fuzzy pairwise comparison scoring for sensory evaluation of steamed red bean buns
X Hoot FEoT i Ray e #E
1 2 3 4 5 6 8 9 10
[ RES JEAR - - - 3 7 8 - - - 109 0.55
[l aREs KN - - - - 4 7 5 3 1 - 130 0.65
THI B L7 T R e AR - - - 5 6 9 - - - - 104 0.52
[l A REs NFRLH LA 45 - - - - 4 6 9 1 - - 127 0.64
[afrRukes I SR ERES - - - 6 7 3 3 1 - - 106 0.53
THI BZ 7% HR - - 2 4 4 2 - - - 9 0.48
[l aREs e W7 - - - - 2 10 3 3 2 - 133 0.67
[l REs AN - - 1 10 5 2 2 - - - 94 0.47
[l REs il &g - - - 7 5 3 3 - - 118 0.59
[ REs S - - - - 3 10 7 - - - 124 0.62
[ =RES At - - - 2 4 7 5 2 - - 121 0.61
[l aREs AEL g - - - 3 6 7 4 - - - 112 0.56
[l A REs TRk K 43 - - 12 3 3 2 - - 115 0.58

NN SIE iy e g R Sl ey

T RPE T B FOR B H2 M ER AL, SO 20, SR R AMER RO 0.

FET LS £ AT 45 21, BRI R FEr et
LR 40 RO EETHR L, ma et RT3
FARIR AMEIFEATHERE, SRR 5, B EIRE PRI RS
AL SRR R R . ﬁﬁéh\ﬁﬁﬁﬂﬁ
BE . PERMAEE . AR MR fRRK R B B

WK A AL AT L, R WIXR IR 28 PR B0 THI
BT | I BOEHRR B SRR E LSS SRR,
Wl 1 UL RS B L B o MELRYE |l S5 A e 5
S, A TRALZAEEAY | RN A 5 S R 2R M AT X 45
$90 LR VALEUR, BAGEIT 8 ANEAR, BRI 4 T

Tk BRPE . NEREGE . KN T L Hoh, i WELBE 1T, BRGE 15, filsE 2 1, T R E TR
x4 BTN ERREIEFLER
Table 4 Priority ratio matrix of evaluation indicators for steamed red bean bun
Eistn U, U, Us U, Us Us U, Us Uy Uio Uy Uz Uss Uiy
U, 1.00 0.55 0.65 0.52 0.64 0.53 0.48 0.67 0.47 0.59 0.62 0.61 0.56 0.58
U, 0.45 1.00 0.61 0.47 0.59 0.48 0.44 0.62 0.42 0.55 0.58 0.56 0.52 0.53
U; 0.35 0.39 1.00 0.36 0.48 0.38 0.33 0.52 0.32 0.44 0.47 0.45 0.41 0.42
U, 0.48 0.53 0.64 1.00 0.62 0.52 0.47 0.65 0.45 0.58 0.61 0.59 0.55 0.56
Us 0.36 0.41 0.52 0.38 1.00 0.39 0.35 0.53 0.33 0.45 0.48 0.47 0.42 0.44
Us 0.47 0.52 0.62 0.48 0.61 1.00 0.45 0.64 0.44 0.56 0.59 0.58 0.53 0.55
U, 0.52 0.56 0.67 0.53 0.65 0.55 1.00 0.68 0.48 0.61 0.64 0.62 0.58 0.59
Us 0.33 0.38 0.48 0.35 0.47 0.36 0.32 1.00 0.3 0.42 0.45 0.44 0.39 0.41
Uy 0.53 0.58 0.68 0.55 0.67 0.56 0.52 0.7 1.00 0.62 0.65 0.64 0.59 0.61
Ujo 0.41 0.45 0.56 0.42 0.55 0.44 0.39 0.58 0.38 1.00 0.53 0.52 0.47 0.48
Un 0.38 0.42 0.53 0.39 0.52 0.41 0.36 0.55 0.35 0.47 1.00 0.48 0.44 0.45
Up, 0.39 0.44 0.55 0.41 0.53 0.42 0.38 0.56 0.36 0.48 0.52 1.00 0.45 0.47
Uiz 0.44 0.48 0.59 0.45 0.58 0.47 0.42 0.61 0.41 0.53 0.56 0.55 1.00 0.52
Us 0.42 0.47 0.58 0.44 0.56 0.45 0.41 0.59 0.39 0.52 0.55 0.53 0.48 1.00
x5 EVEITNERRLHFER
Table 5 Priority ranking results of evaluation indicators for steamed red bean buns
Eistan U, U, Us Uy Us Us U, Us Uy Uio Up Un Uiz Uig
A 0.47 0.42 0.32 0.45 0.33 0.44 0.48 0.3 0.52 0.38 0.35 0.36 0.41 0.39
HEF 3 6 13 4 12 5 2 14 1 9 11 10 7 8
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Table 6 Statistical results of the weights of sensory evaluation indicators for steamed red bean buns
S B R
T B £ 75 2N TR TR AR F AR MHEE  iARRRIE AR A
1 0.152 0.098 0.148 0.102 0.148 0.205 0.102 0.045
2 0.148 0.103 0.152 0.097 0.152 0.198 0.097 0.053
3 0.154 0.093 0.156 0.107 0.136 0.209 0.099 0.046
4 0.142 0.108 0.142 0.092 0.169 0.194 0.095 0.058
5 0.150 0.119 0.150 0.071 0.153 0.193 0.097 0.067
6 0.145 0.102 0.125 0.098 0.155 0.222 0.098 0.055
7 0.158 0.092 0.158 0.108 0.142 0.208 0.092 0.042
8 0.152 0.098 0.148 0.102 0.148 0.205 0.102 0.045
9 0.146 0.110 0.135 0.096 0.165 0.196 0.088 0.064
10 0.144 0.106 0.144 0.094 0.156 0.194 0.106 0.056
THALE 0.149 0.103 0.146 0.097 0.152 0.202 0.098 0.053
JEFEALE 0.15 0.10 0.15 0.10 0.15 0.20 0.10 0.05
*x71 EERERMESIRE
Table 7 Scoring criteria for sensory evaluation of steamed red bean buns
TitH Wiy o b
T 5 e FL A, JCEBE(11~15 4));
T B 0, 15 T B T IWOR ¥, TEATE(6~10 43);
2K, HERE(1~5 5)
SMBIR . A  JCA IR G (8~10 41);
JEAR 10 HSMERTCA B, SRS BB (4~7 43);
SME i B AR (1~3 4))
MEOLH, TS, Tk . JE/MLR11~15 41);
[ i g3 15 T S RS A R A, AN E/NL6~10 43);
IR, AR RS, s/ NML~5 73)
TUBRHR LI, HOLEE~10 4);
TR 10 SRR LA, AOLEE@E~T 4
SUEREE A, JOLEA~3 )
SV EAW R ER, SRR EERR, LRRA1~1557);
"R 15 FEWHB, TIWHNETRE, TR 6~10 4));

TR AW LIDIETE, A 5RA~5 7)
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= 1(4)
i H Wiy VAT briE
S R A ER, SUMAEENERE, WK (14~20 43);
R 20 SR RN R, ZYMAE TR, JCRIR(T~13 43);
A S (1~6 41)
UL A S, P (8~10 43);
MEL A 42 10 SLYD AT B WA TS, B (4~7 41);
S B EN, AFEE(1~3 43)
IR . KIS 41);
TR AR 5 TLIPHAEOKIE(G~4 41);
ST (1~2 73)
*8 AREHEIVENREITFNLE
Table 8 Sensory evaluation results of different commercially available steamed red bean buns
i [P R ERES JEAR TEEE ARERE BFR AUN NELIE P TRlEREE S Ay
1 12.65 8.20 12.00 7.55 12.05 15.15 7.50 4.10 79.20
2 11.95 8.80 12.70 7.40 11.75 15.20 7.55 4.15 79.50
3 10.60 8.00 12.20 6.90 11.50 15.30 7.20 3.35 75.05
4 11.80 8.45 12.40 6.70 11.95 16.25 7.45 3.85 78.85
5 10.55 8.10 12.00 6.10 10.60 15.25 7.30 3.85 73.75
6 12.95 8.35 12.85 6.70 11.80 15.15 7.15 4.40 79.35
7 11.25 7.70 11.40 6.60 11.55 15.85 7.95 3.35 75.65
8 11.65 8.80 13.00 7.50 11.60 16.10 7.75 4.40 80.80
9 11.30 8.55 12.85 7.65 11.50 15.10 7.85 4.15 78.95
10 11.75 8.00 12.15 7.40 10.30 15.45 7.40 3.95 76.40
11 11.35 6.40 8.95 7.05 10.95 15.70 7.90 3.45 71.75
12 12.10 7.70 10.65 7.05 11.30 15.65 7.70 4.55 76.70
2.6 TIEEMS S e 1R T 0.80, (HARSD 3. 12 AR 0.57, BEMTIL

JO A 43 A 308 3 AR SR Sk AL 11 LI S By, X R
ERUEA TP R, DN E LA | BERRE L SRk L IRE
NHEE SRR PE S SRS, gk o ml 12 T S b
B AL R A B R 22 5 1 B A 728 AR S R 650~2650 g,
R 7 B0 2 5 T A A (P<0.05), RILHBOR IS5

fuFEAL(P<0.05), /R PAHRES AL I SRR AL BE I AR s

®9 TRTEELTENRMFESH

Table 9 Texture characteristic parameters of different commercially available steamed red bean buns

WEL WP 5 B3 32 A A P R I — B, R B AR i MELRH S
PSR IEFIVR S PEAEA R Al R AE RO
25, SRR LB M T T EA K. b 5. 6. 12
FERELE | Mg AR TR, HBAT B 5k S5
e, ATREAE MBS il M B B,

FE b fifi i /g Eiiines il PSR4 N Mg /K3
1 1151.85+28.97¢ -989.99+150.65" 0.92+0.03" 0.75+0.01° 788.26+16.80° 0.26+0.01°%
2 1160.24+103.77¢ —448.39+134.29¢ 0.91+0.04* 0.72+0.02% 768.12+46.21° 0.2840.01¢¢
3 827.15+91.84" ~17.98+4.13" 0.57+0.13¢ 0.8440.10° 529.56:+£69.82° 0.37+0.08*
4 1076.73£79.26° ~258.33+46.19° 0.84+0.02° 0.68+0.02%¢ 561.90+47.88% 0.24+0.024
5 647.52+32.45¢ —3.98+1.44° 0.83+0.04% 0.70+0.01% 373.11+23.55¢ 0.34+0.00°
6 711.74+54.07¢ —~189.65424.89" 0.72+0.02¢ 0.60£0.03¢ 327.23+25.458 0.19+0.02"
7 2632.24+71.60° —521.64+63.71¢ 0.88+0.01% 0.63+0.02% 1455.59+66.92° 0.22+0.02¢
8 1436.05+£54.98¢ ~96.86+14.38% 0.83+0.01% 0.70+0.02% 800.41+13.33° 0.25+0.03°%
9 1436.50+85.96° -25.06+2.13° 0.8340.00" 0.70+0.01% 815.42432.55¢ 0.29+0.01¢
10 963.08+60.79° —0.37+0.10° 0.88+0.02% 0.74+0.01° 616.51+£36.28% 0.40+0.02°
11 2022.37+55.26° ~51.39+9.21* 0.77+0.03% 0.59+0.04° 975.79+50.88° 0.23+0.02¢
12 1398.37+50.24° —738.29+85.49° 0.57+0.04° 0.52+0.01° 427.84+51.33° 0.1440.018

T FSIARR NG FRERRFE P<0.05 KFE TR BE, TR,
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VDAL R R AR R AR A AR AR, AR
MBI B Gy B e 2P0 R SOE T 12 Rl
B GO OEESEWL . o b)SHE. d1# 10 o]
H, BREMAE LT, o . bR AEM BB EEER
(P<0.05). L{CEME, 5 EAREER—, L2k
Fi Ay 80.00~87.50, FFARENL L™ #81E 80.00 LA |, FEH 12 Fb
mi S IS B, FFATE SRR, FEA
6 My L e, R R i .
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Table 10 Color difference parameters of different commercially
available steamed red bean buns

*

o L a b HEE

HA

1 84.35+0.16°  3.22+0.08%  8.10+0.14°  82.09+0.16"
2 83.45+0.29%  3.26+0.02°  8.11+0.41°  81.28+0.14%
3 80.86+1.02°"  2.49+0.16"  10.17+0.92°  78.16+0.53¢
4 84.11+0.28™  3.05+0.09"  9.47+0.24°  81.25+0.24"
5 80.34+0.74"  2.76+0.12¢  9.73+0.38"  77.89+0.76°
6 87.35+£0.42°  3.22+0.09%  7.60+0.37°  84.89+0.19"
7 81.49+0.89°  3.10+0.13°"  10.03+0.16°  78.72+0.75%
8  83.14+0.85%  4.06+0.13"  7.72+1.02°  81.00+1.09°
9 81.32+0.38"  4.19+0.07°  8.10+0.48°  79.21+0.50°
10 82.73+0.55%  4.02+0.06°  6.40+0.05¢  81.15+0.53"
11 83.14+£0.05¢  2.39+0.08"  11.83+0.28"  79.26+0.12¢
12 83.97+1.49™  3.59+0.08°  7.63+0.22°  81.87+1.25"

2.8 HibEOEMEEFESHT

k12 R U AL U T R, 45
W 11, SRR, BFEMBRA L. o . bR
PEZ R (P<0.05). a IRBRLT SO, AFALE N 6.00~13.00,
A RER Y o ¥ IE, BEBI R VMA@, HorhRR
2 1 a B, RN T B o AR, RIAREAL 2 YL R it
o b RMLETE (), ARLL N -0.25~3.40, FERL 2 A9 B
BN 3.36, RIHARWRNEG, 5o 8nf 5k,
MR, SUMEREREROE 6, FEERRAEH
FRAE, FEAL 2 fELT ORI i i .
29 EVEBEFERKNE

HL - 5 2% 0 3 3 AU N S B ML 1 1) £ St i B0 %o
ST BB I, M A SR VR Ok, B
SR W 7 R AR — SOk R A S B ST R
o I 5tk 22 il i) KUK B R L, AniEl 1 PR, 12 RV E VR
ot B4 A XU 4 B A SR AR, 3 i oy 4 mp e W I B A 4
(WIW), HIEEYF(WIS) LR AI A P(WSS) I 4k ds,
I S A RO g T 4 LA — s S, FREORIR T Y

BLTHT B A B P LR B . BRAEAE AR IY o A i A ) L
SREE FRUAT XA 22 S FERD 5. 11 TEARIES B
FRGE, PR LR E R XRY I Wikedh 2 f2as
F M 555, SR DG RBR B B i i, X225 mT g
SR, R AR R A G
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Table 11 Color difference parameters of the red bean paste
filling in different commercially available steamed red bean buns

FE i L a b
1 22.19+0.68" 11.50+0.46° 1.7240.56%
2 22.16+0.80" 12.88+0.22° 3.36+0.39"
3 38.77+0.10° 8.53+0.10% ~0.18+0.30¢
4 31.15+3.61% 7.89+1.51° 0.40+0.66
5 24.86+1.57" 8.12+0.11° 0.92+0.54
6 29.36+0.89% 9.29+0.23% 2.78+0.33%
7 33.50+2.01% 5.99+1.10" 0.64+0.40°
8 34.81+3.36" 9.10+0.50% —0.22+0.32¢
9 35.39+0.94° 8.05+0.52° 1.07+0.41%
10 34.93+0.36" 9.52+0.38° 2.9740.43°
11 35.21+1.68" 9.82+0.37° 2.17+£0.29%
12 28.06+1.19¢ 6.86+0.22" 0.36+0.34'
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Fig.1 Odor radar plot of electronic nose
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Fig.2 Odor radar plot of electronic tongue
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Fig.3 Correlations among various quality indicators of steamed red bean bun
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