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Abstract: [Objective] This study aimed to optimize the formulation and investigate the flavor profile of

composite lotus root juice, addressing the limitations of monotonous flavor and physical instability (precipitation).
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[Method] The composite lotus root juice was prepared with lotus root juice as the primary ingredient and
supplemented with Dendrobium officinale leaf juice, apple juice, white granulated sugar, and xanthan gum. On
the basis of single-factor experiments, a multi-index evaluation system was constructed through the analytic
hierarchy process and the entropy weighting method. The formulation was optimized via response surface
methodology coupled with a genetic algorithm. Furthermore, multi-dimensional flavor characterization was
performed by gas chromatography-ion mobility spectrometry (GC-IMS), electronic nose, and electronic tongue.
[Result] The optimal formulation for the composite lotus root juice was composed of 24% (mass fraction)
Dendrobium officinale leaf juice, 0.14% (mass fraction) xanthan gum, and 6% (mass fraction) white granulated
sugar. The comprehensive sensory score of the composite lotus root juice prepared with the optimal formulation
reached 0.947+0.028, with a high degree of consistency between the predicted and experimental values. Flavor
analysis indicated that compared to the control group, the optimized formulation exhibited significant increases in
the proportions of key volatile flavor compounds, particularly aldehydes and ketones. Electronic sensor and
electronic tongue confirmed that the optimized group possessed a fresh and harmonious aroma with reduced
pungent odors. Additionally, bitterness was effectively suppressed, while umami and richness were significantly
enhanced. [Conclusion] The optimized formulation achieves the synergistic improvement in aroma enhancement,
bitterness reduction, and physical stability.
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Table 3 Indicators and weighting values of single-factor experiments
oAk K IIR B 8% 2R IR E/(mg/mL)  YUIE R /% 5% R VRN /5y ] /2 L LG VR
15 0.59 0.46 0.37 0.65 0.37 0.455+0.033*
20 0.51 0.41 0.40 0.77 0.36 0.471+0.036"
R 25 0.51 0.53 0.36 0.86 0.42 0.520+0.011°
30 0.44 0.51 0.34 0.72 0.36 0.454+0.020"
35 0.38 0.67 0.34 0.52 0.33 0.421+0.020°
15 0.50 0.72 0.58 0.63 0.41 0.531+0.015°
20 0.72 0.69 0.51 0.77 0.44 0.586+0.017"
B A b 25 1.00 0.68 0.46 1.00 0.48 0.684+0.015"
30 0.74 0.52 0.28 0.67 0.54 0.525+0.023°
35 0.53 0.54 0.00 0.52 0.33 0.368+0.010°
0 0.38 0.00 0.88 0.00 0.31 0.282+0.009¢
0.05 0.92 0.60 0.63 0.48 0.38 0.533+0.018"
B 5 0.10 0.94 0.83 0.48 0.70 0.47 0.617+0.039"
0.15 0.87 1.00 0.51 0.95 0.41 0.691+0.040"
0.20 0.20 0.29 0.39 0.62 0.35 0.384+0.034°
0 0.00 0.43 0.41 0.21 0.00 0.204+0.019¢
2 0.24 0.51 0.42 0.53 0.12 0.359+0.031°
£ b 4 0.53 0.68 0.49 1.00 0.36 0.601£0.020°
6 0.67 0.96 1.00 0.96 0.98 0.711%0.030°
8 0.83 0.75 0.18 0.64 0.75 0.572+0.047°
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Table 4 Factors and levels of response surface test
SN
K B K A Ak v TR R 1 i R
JRESECD/%  TRENFB/% JTFTESHCCO/%

-1 20 0.10 4
0 25 0.15 6
30 0.20 8
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TableS Response surface methodology design and test results

B %
Gt G
A B C
1 25 0.10 8 0.776
2 20 0.15 8 0.822
3 25 0.15 6 0.955
4 30 0.10 6 0.802
5 20 0.10 6 0.832
6 30 0.15 8 0.802
7 25 0.15 6 0.940
8 25 0.10 4 0.781
9 25 0.15 6 0.952
10 30 0.20 6 0.755
11 25 0.20 8 0.677
12 25 0.15 6 0.949
13 25 0.20 4 0.758
14 20 0.20 6 0.768
15 25 0.15 6 0.946
16 30 0.15 4 0.807
17 20 0.15 4 0.840

Fo MEEIKEHEDFR

Table6 Response surface test variance analysis table

TTEKWE CPOTRL BWE BT FE Pl BEE

T 0.1151 9 0.0128 136.21 <0.000 1 **

A 0.001 2 1 00012 1227  0.0099 ok
B 0.006 8 1 00068 7231 <0.0001 ok
c 0.0015 1 00015 1582  0.0053 ok
AB 0.000 1 1 0.0001 0.77  0.409 4

AC 0.000 0 1 00000 045 0.5238

BC 0.001 4 1 00014 1539  0.0057 ¥
A? 0.008 4 1 0.0084 89.64 <0.0001 *k
B’ 0.055 2 0.0552 587.67 <0.000 1 ok
c? 0.031 1 1 00311 33143 <0.0001 ok
Bk %= 0.000 7 7 0.0001

AT 0.000 5 3 0.0002 524 0.0717

4R 2 0.000 1 4 0.0000

BE 0.1157 16
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