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ABSTRACT: Objective To investigate the flavor differences of 5 different varieties of lotus seed paste fillings,
including pure white, pure red, master’s handmade pure white, low-sugar pure white, and green food-grade pure
white by electronic tongue and gas chromatography-mass spectrometry (GC-MS) techniques. Methods The main
flavor attributes, such as sweetness, of the lotus seed paste fillings were evaluated using an electronic tongue. GC-MS
analysis was used to analyze the fatty acid composition. Partial least squares regression (PLSR) was employed to
establish evaluation models combining electronic tongue and free fatty acids for predicting the flavor of the lotus seed
paste fillings. Results Significant differences were observed among 5 varieties of lotus seed paste fillings in terms
of sweetness and saltiness (P<0.05). Among them, the green food-grade pure white filling showed the highest
sweetness intensity, while the master handcrafted pure white filling exhibited the highest saltiness intensity. A total of
nine free fatty acids, including oleic acid and linoleic acid, were detected using GC-MS. In the PLSR regression
model combining electronic tongue and fatty acids, the determination coefficients (R%) for sweetness, umami,
richness, and oiliness models were 0.94, 0.94, 0.95 and 0.91, respectively, on the calibration set, and 0.90, 0.88, 0.91
and 0.83, respectively, on the cross-validation set. The root mean squared errors (RMSE) were 0.21, 0.14, 0.14 and
0.18 on the calibration set, and 0.28, 0.21, 0.20 and 0.25 on the cross-validation set. Compared to the separate
evaluation of lotus seed paste fillings using electronic tongue or free fatty acids, the combined evaluation displayed
improved predictive capability, particularly for oiliness evaluation. The determination coefficient on the
cross-validation set increased significantly from 0.15 in the electronic tongue evaluation and 0.67 in the evaluation of
free fatty acids to 0.83, approaching unity, with a smaller RMSE, indicating a higher degree of fit. Conclusion The
combined evaluation of electronic tongue and fatty acids provides reference data for the instrumental evaluation of
the flavor of lotus fillings.
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Fig.1 Radar chart of effective indicators of 5 kinds of lotus seed
filling electronic tongues
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Table 1 Flavor score of 5 kinds of lotus seed filling ingredients
Cl1 C2 C3 C4 Cs
Atk 9.36+0.04° 9.60+0.16" 9.08+0.11¢ 9.79+0.27° 11.09+0.04°
JRR 3.1540.27° 1.75+0.35° 4.33+0.12° 3.5240.21° 2.70+0.09¢
FEH 1.26+0.03 1.24+0.06° 1.08+0.04° 0.84:0.07° 1.07+0.04°
fif IR 14.44+0.06" 13.59+0.20° 14.48+0.03° 14.28+0.15° 14.19+0.03°

T R ARNE PR HA B2 57 (P<0.05), 3 2~3 [F].
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Table 2 Relative content of free fatty acids in S kinds of lotus filling (%)

Ui BRIV R Cl C2 C3 C4 Cs
AR C16:0 10.42+0.03¢ 10.46+0.11° 9.94+0.04¢ 11.1940.05" 10.55+0.07°
TR C18:0 3.50+0.02° 3.45+0.04° 3.27+0.05° 3.46+0.05° 3.5140.05"
iR C18:1n9¢ 47.67+0.05¢ 50.64+0.19° 49.36+0.15° 47.27+0.12° 47.94+0.16°

Wi R C18:2n6¢ 34.08+0.04" 31.17+0.24¢ 32.55+0.80° 33.37+0.07° 33.6440.12%
a-EJFKR C18:3n3 0.24+0.03¢ 0.29+0.01° 0.55+0.02° 0.26+0.02¢ 0.25+0.01°
1R C20:0 0.97+0.04° 0.93+0.04 0.89+0.03¢ 1.10£0.03* 0.93+0.03"
TEAEMRIR C20:1 0.68+0.02° 0.6340.03° 0.72+0.05" 0.7440.01° 0.69+0.03°
bR €22:0 1.76+0.02° 1.80+0.11° 1.70+0.09° 2.0240.07° 1.81+0.07°
ke C24:0 0.67+0.01° 0.62+0.05° 0.65+0.11° 0.67+0.44° 0.65+0.11°
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Table 3 Sensory evaluation scores of 5 kinds of lotus paste fillings
Cl1 C2 C3 C4 Cs
LIS 5.87+0.09° 6.42+0.09" 7.35+0.26 5.96+0.2° 4.77+0.27
BEOR 3.16+0.05 4.05+0.05" 4.29+0.10° 2.730.05° 3.45+0.25°
F 2.86+0.06° 3.31+0.17° 4.37+0.05° 4.01+0.12° 2.85+0.13¢
RS 3.64+0.10° 3.90+0.08° 4.88+0.09° 3.24+0.22° 4.42+0.10
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Fig.6  Sensory evaluation of 5 kinds of lotus paste fillings and scores
of principal components for each flavor
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Y717 7 (root mean squared error, RMSE)7E#R: 1E4E F 43
H14:0.21.0.14,0.14, 0.18, 7EA8 LI UFAEH 437 4: 0.28
0.21, 0.20., 0.25, UiHH SR ELAT 5 8 A R o

5 ASUfHT R B B R VR A A L L
Ui 25 1 T R B A5 PP 8 R0 SE 2 e FF) il g o BUAS T7
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0.40 35 m#] 0.91, =& LEUFPE RO 0.15 3 %) 0.83.
X R ABATEM ik HA A AR A B2 T 11
R*{H, RMSE AT 4/IN, il 5 4 PP A S AR KU

F4 KA PLSR RAERYH 4 HBRERMS ZEARKKXR

Table 4 Relationship between 4 kinds of sensory attributes and various regression coefficients established using PLSR model

R EA#R
A0 Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All Al2 Al3
EHS 18.53 ~—0.14 =007 ~ 0.10 -0.53 -0.07 -234 0.12 -015 136 1.07 0.47 0.33 0.31
fif I 9.55 -0.13 -0.06 0.00 0.08 -029 -072 0.12 -0.08 107 -1.71 -099 -021 -0.24
FE 8.58 —0.08 = —-1.08 0.13 -0.19 0.08 -1.72  0.07 -0.11 1.38 1.03 1.67 0.69 0.03
YR 6.09 0.13  -027 0.04 035 -042 062 0.04 0.02 129 -243 0.17 -0.66 —0.61
#5 ET PLSREEFUN 4 FEREIFNBR
Table 5 Prediction of 4 kinds of sensory evaluation effects based on PLSR model
R e RO FeEde S
RMSE R? RMSE R?
T 0.35 0.83 0.41 0.78
LS i B3 Mg Wi i 0.40 0.78 0.52 0.67
H 5+ = AR T R 0.21 0.94 0.28 0.90
T 0.31 0.72 0.39 0.60
fE R i B3 Mg Wi i 0.14 0.94 0.19 0.90
HL 5+ = AR T R 0.14 0.94 0.21 0.88
T 0.21 0.89 0.27 0.83
FEM W 25 1R iR 0.20 0.90 0.28 0.81
HL - i S R I R 0.14 0.95 0.20 0.91
Ay 0.46 0.40 0.57 0.15
ML S W 25 IR iR 0.27 0.79 0.35 0.67
HL - i S R W R 0.18 0.91 0.25 0.83
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Fig.8 Prediction of 4 kinds of sensory evaluation effects based on PLSR model
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