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Abstract: The symbiont formed by legumes and rhizobia plays a crucial role in the nitrogen cycle, and root exu-
dates significantly affect the nodulation process. The pretreatment and detection methods for metabolites of rhi-
zobia from Lespedeza daurica have not been systematically optimized. In this study, the extraction efficiency of
rhizobial metabolites was improved by optimizing pretreatment conditions, including ultrasonic temperature
(A), ultrasonic time (B), derivatization temperature (C), and derivatization time (D). Single-factor experi-
ments were used to determine the ranges of detection conditions, followed by a four-factor, three-level Box-

I8 B #3:2025-09-29; & B B #3: 2025-11-21
EETB 084 B AT AR (2402140601011 5 9 9 51 S 4y BH & 2 9% 4100 H (YDZISX2024B008) %% Bl
{EZ B A - 42 AH (2000-) , 2, PO, H ol EAR O, 1 F 5% A 20 DA S 5 b £ A ) 2% B 5%, E-mail: 1328636321@qq. com 5 <3l {5 1 #

Author for correspondence , E-mail : sxndzhaox@126.com



5 8 3] 2 HUA 4 - Box-Behnken Wi R 187 ¥ (12 A 15 & ML A 7 ARG B AR 7 0 B il Ak 5 2% 2827

Behnken response surface methodology (ultrasonic temperature: 30-40°C ultrasonic time: 7-11 min derivatiza-
tion time: 20-100 min derivatization temperature: 50-90°C ) for optimization design. A quadratic regression
model was established to determine the optimal conditions and verify their reliability. The optimal conditions
determined by single-factor experiments were ultrasonic temperature 35°C, ultrasonic time 9 min, derivatization
temperature 70°C, and derivatization time 60 min. The response surface model (R*=0. 9035) showed that the
linear terms A and C, the interaction term CD, and the quadratic terms A?, C?, and D? had extremely signifi-
cant effects on the results (P<C0.01), while the interaction term AD had a significant effect (P<Z0. 05). After
optimization, 145 metabolites were detected, representing an increase of 198. 60% compared with the pre-opti-
mization level, with an error of 3. 5% . Methodological validation showed that the peak area RSD of the internal
standard 1.-2-chloro-phenylalanine was 8. 2% (n=6), and the signal-to-noise ratio (S: N) was 9. 9: 1, which
met the requirements for metabolomic detection. This study established a pretreatment method for the detection
of metabolites from rhizobia of Lespedeza daurica, providing a technical basis for their extraction and analysis.
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Table 1 Response surface optimization experiment factors and
levels for detecting metabolites of Lespedeza dahurica rhizobia
K 2 Factor JKF Level
—1 0 1
A MR E Ultrasonic temperature/°C 30 35 40
B 7 i 5] Ultrasonic time/min 7 9 11
CfiiZE B} [] Derivation time/min 20 60 100
D fii A= i Derivation temperature/°C 50 70 90

T —1,0, LRGSR H R K RAUKFECRED , b
KA (e 1), e P (CEFRD
Note: —1, 0, 1 are coding levels, representing the lowest level

(lower limit) , the intermediate level (center point), and the highest

level (upper limit) of the factor, respectively
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Fig.1 The number of metabolites under different ultrasonic temperature, ultrasonic time, derivative temperature and derivative time
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Note: a represents the results of the ultrasonic temperature test, b represents the results of the ultrasonic time test, c represents the results of the
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Table 2 Response surface design and detection results of metabolites from rhizobia
B A B . 7 I (] C: A7 A= I 1] D A7 A 1 EE AR > K
Test No. Ultrasonic temperature/°C  Ultrasonic time/min Derivation time/min Derivation temperature/°C Number of metabolites detected/4>
1 35 9 100 90 103
2 35 11 60 50 91
3 35 9 20 50 133
4 35 7 60 50 115
5 35 11 100 70 104
6 35 9 60 70 127
7 30 9 100 70 108
8 40 7 60 70 94
9 35 9 60 70 150
10 35 9 60 70 150
11 35 7 60 90 100
12 40 11 60 70 96
13 35 7 100 70 131
14 40 9 20 70 101
15 35 9 60 70 150
16 35 9 60 70 150
17 30 9 60 90 82
18 35 7 20 70 125
19 40 9 60 90 63
20 35 9 20 90 92
21 35 9 100 50 85
22 40 9 60 50 52
23 30 9 60 50 110
24 30 9 20 70 111
25 30 7 60 70 120
26 35 11 20 70 129
27 30 11 60 70 103
28 35 11 60 90 109
29 40 9 100 70 71

865 9,10,15,16 A Hl 5 R IR (n=4) , 50 TF 455 AU f2 i

Note: Test No. 9, 10, 15 and 16 are center point repeated tests (n=4) to verify the stability of the model
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Table 3 Analysis of variance of response surface test results

J5 2K Variance source  FJ5 il Sum of squares

H 1 Degree of freedom #7715 2% Root mean square error F{H F value P{A P value

il 17 406.56 14 1243.33 19.73 <20.0001™"
A 2054.08 1 2054.08 32.60 <20.0001""
B 234.08 1 234.08 3.71 0.0745
C 660.08 1 660.08 10.48 0.0060™
D 114.08 1 114.08 1.81 0.1998
AB 90.25 1 90.25 1.43 0.2513
AC 182.25 1 182.25 2.89 0.1111
AD 380.25 1 380.25 6.03 0.0277
BC 240.25 1 240.25 3.81 0.0712
BD 272.25 1 272.25 4.32 0.0565
CD 870.25 1 870.25 13.81 0.0023"
A? 7942.16 1 7942.16 126.04 <20.0001""
B? 554.00 1 554.00 8.79 0.0102
C? 972.05 1 972.05 15.43 0.0015™
D? 6638.70 1 6638.70 105.35 <20.0001™"
5% % Residual 882.2 14 63.01
45035 Anomalistic term 459 10 45.9 0.4338 0.8704
4fi % 2% Pure error 423.2 4 105.8
BB 22 Total deviation 18 288.76 28
R? 0.9035
75 5 Z 0 Coefficient of variation 7.3%
TR 2 T 3 (P<<0. 01)
Note: ** indicates significant difference (P<C0.01)
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Fig.2 Three dimensional surface (a) and corresponding contour map (b) of the interaction between ultrasonic temperature and

ultrasonic time on the number of metabolites
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Fig.3 Three dimensional surface (a) and corresponding contour map (b) of the interaction between ultrasonic temperature and

derivation time on the number of metabolites
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Fig.4 Three dimensional surface (a) and corresponding contour map (b) of the interaction between ultrasonic temperature and

derivative temperature on the number of metabolites
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Fig.5 Three dimensional surface (a) and corresponding contour map (b) of the interaction between ultrasonic time and

derivation time on the number of metabolites
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Table 4 Predicted and experimental values of the detected number of metabolites under optimal conditions

o Il
Bl %A Optimal conditions Numbgfi:j?aﬁﬁels itected
7 L T 7 A ] A HE B [ i3 A 3l R il i
Ultrasonic temperature/°C  Ultrasonic time/min  Derivation time/min  Derivation temperature/°C Test value Predicted value
35 9 20 50 13043.06 129
35 7 60 50 1114+3.79 110
35 9 60 70 1234+3.79 122
35 7 100 70 128+43.00 127
35 7 20 70 1214+3.46 120
30 9 60 50 106+3.51 105
30 9 20 70 109+2.65 108
30 7 60 70 1154+4.58 114
35 11 20 70 12444.58 123
35 9 70 60 1464+4.04 152
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Table 5 Peak area, peak height, baseline noise peak height and signal-to-noise ratio of internal standard substances

R PAL 5 i T W 15 LR M 7 W fE W (STND
Test No. Internal standard peak area Peak height Baseline noise peak height Signal to noise ratio (S:N)
1 2492 409.8 1.0 10° Counts 0.1X10° Counts 10:1
2 2526 934.2 1.0 10° Counts 0.1X10° Counts 10:1
3 2676 592.2 2.0X10° Counts 0.2 10° Counts 10:1
4 2545 216.9 1.0 10° Counts 0.1X10° Counts 10:1
5 2575 200.2 1.0 10° Counts 0.1X10° Counts 10:1
6 2616 228.7 1.8X10° Counts 0.2X10° Counts 9:1
CK 1.0 10° Counts 0.1X10° Counts 10:1
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