6 MAEEX LB ASZM RAZEBFRBMEFZ LT

WAL RN, RE L SR, EF L, B O E R, £F 130118, 2.5 A AS TREAR
s, K% 130118)

WE: B AR 6 A AERTALZEZ T S HRARGEMA 20 FLF 2R Fn, HE ER—BAFEHT,
@it GC. HPLC 5 A3 6 FFAL A A F I AL BT BEAL LT P REZBRALALF A FTHTNE, HHE ALY
AL Lt P RGFZG R L F AL FHALBATALLTHLTHRATO YR, Kt BB REHLFHRIT
Bk, BER OHASALERTALEZT T SHREXRGHAGEBER, ¥, 2HLFRFATREZGEREN R
%, RPN, NN AAAKAOR. FRME. BB EMES A A 86.90%, 88.89%, 79.88%, 86.12%7F 86.67%(P<0.05);
220 A FAR LI EAAER, P, BB T AT E AR o F0AT B HALA S ZE e R E R 3R, 20 A IR L e feld
A K 5.84%F 5.85%(P<0.05), L5 6 HAAWNMNALL T RAKRGHEBALFHILATARE, %4EFIOHAKB
R GRRBIF, HMEABRF AR F T RABENMALTL TR T, ARSGASE T L L F R IR IE,
KR ALNAER; ARZErr; RBEZGEM; ALLFHL

FESES: R282.2 NEkFRSRS: B XERS: 1007-7693(2023)04-0483-06

DOI: 10.13748/j.cnki.issn1007-7693.2023.04.008

SIAAS: |, 4 2M, KE, F. 6 HALRANKAHALZTRGK GG B L0l al]. TEARERN S
2023, 40(4): 483-488

Effects of Six Kinds of Endophytes on Pesticide Residue Degradation and Conversion of Saponins in
Ginseng Stems and Leaves

TIAN Ying', GAO Yugang'?, ZHANG Xue!, GAO Fei'!, WANG Xi', ZANG Pu'?(1.College of Chinese Medicinal
Materials, Jilin Agricultural University, Changchun 130118, China; 2.Jilin Province Ginseng Engineering Technology Research
Center, Changchun 130118, China)

ABSTRACT: OBJECTIVE To study the effects of 6 kinds of endophytes on the degradation of 5 pesticide residues and the
conversion of 20 saponin monomers in the stem and leaves of ginseng. METHODS Under the same culture conditions, the
contents of pesticide residues and ginsenosides in the stems and leaves of ginseng before and after treatment with 6 kinds of
endophytes were determined by GC and HPLC, respectively. The pesticide residue rate and ginsenoside conversion rate of 6 kinds of
endophytie in stems and leaves of ginseng were calculated. The effects of endophytes on the quality of transformation products of
stems and leaves of ginseng were evaluated, and the strains with good effect of reducing agricultural residues and transforming
ginsenosides were selected. RESULTS  Six kinds of ginseng endophytes could degrade five kinds of pesticide residues in ginseng
stems and leaves, among which Bacillus polymyxa had the strongest degradation effect on pesticide residues. The degradation rates
of fluazinam, benzene hexachloride, pentachloronitrobenzene, chlorpyrifos and dichlorodiphenyltrichoroethane were 86.90%,
88.89%, 79.88%, 86.12% and 86.67%, respectively(P<0.05). It could transform 20 kinds of monomer saponins, among which
Bacillus lysine and Bacillus cereus had the strongest effect on transforming ginseng stem and leaf saponins, and the sum values of 20
monomer saponins were 5.84% and 5.85% respectively(P<0.05). CONCLUSION The 6 kinds of endophytes have different
effects on pesticide residue degradation and conversion of saponins in ginseng stems and leaves, the Paenibacillus polymyra have
the best degradation effect on pesticide residues, Bacillus bsine and Bacillus cereus have the best effect on transforming ginsenosides,
which provide theoretical basis for improving the total ginsenosides of ginseng stems and leaves.

KEYWORDS: ginseng endophytes; ginseng stems and leaves; pesticide residue degradation; ginsenoside biotransformation
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Tab. 1 Measurement results of the number of viable
bacteria after fermentation of 6 kinds of endophytes

LS 0 d(4 {8) 7 d/x108CFU-mL"!
FARTE R 2 HUAT T 0.5 16.09+0.55
e LUK IR ZEAT I 0.5 16.45+0.43
ZRSEHFTIA 0.5 16.96+0.57
i B2 AT R 0.5 17.02+0.49
o 2 R 2 FEUAT T 0.5 16.94+0.51
WA A AT 0.5 16.08+0.49
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3.2.1 5 Ay GC e AiigEia)E 5 Fhkzily
RN R ES, W 1~5 MIRMHBERE . 7N/8/8 . T
FRHFAS | FESEMRNIRE G, 25 R 1,

322 REFRBAMCRELE DXL
24 I i () FHRH O e T R AR AL o PRI, T HRAS
B S ANRAGLEMERNIE TR, WR 2, 5 MR 5
i N AVAVANNE ¥ 1= SN 1 8D WS &R R E
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Tab. 2 Regression equation of five standard curves of

pesticides

FE o REHE ek p AEEER/

pg-ml!

1 FERE y=2.5779x10x+0.0127  0.996 6  0.02~1.00
2 AN =2.943 2x10%x+0.209 7 0.990 1  0.02~1.00
3 HAMIER  y=4.158 0x107x-0.4271  0.9952 0.02~1.00
4 M y=4.710 1x10x+0.066 8~ 0.9935  0.02~1.00
5 IR y=3.758 5x10x+0.0799  0.9930  0.02~1.00
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Fig.1 Chromatograms of the effect of 6 kinds of endophytes on degradation of 5 pesticides in ginseng stems and leaves

S—mixed standards; A-pesticide residues in ginseng stems and leaves; B—Bacillus amyloliquefaciens; C—Bacillus mycoides; D—Bacillus polymyxa;

E-Bacillus subtilis; F-Bacillus lysine; G-Bacillus cereus. 1-—fluazinam; 2-benzene hexachloride; 3—pentachloronitrobenzene; 4—chlorpyrifos;

S5—dichlorodiphenyltrichoroethane.
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Tab. 3 Effects of 6 kinds of endophytes on degradation rates of 5 pesticides %
EES FRVER AU SR IDREDIR AU 2 B2 fAT IR R 2 FLAT B TR A LA WAL 2 FLAT B
FRE 86.039 7£1.104 6* 87.401 8+0.077 4° 86.897 5+0.474 5°®  84.386 9+0.741 6° 86.181 3+1.031 0* 85.075 2+0.880 5°
VAVAVAN 77.057 9+0.839 54 71.042 4+0.273 2° 88.892 3+0.674 6° 74.381 5+1.315 6¢ 71.016 7+0.855 4° 10.084 5+0.674 2°
FLAT SR 80.986 6+0.352 44 75.029 0+0.602 7° 79.879 4+1.029 7¢ 77.469 4+1.011 4°¢ 74.946 7+0.111 4° 63.942 5+0.108 9°
EIEM 87.845 240.397 3¢ 82.155 0+0.829 3° 86.119 44+0.924 2¢ 87.169 3+2.421 0° 85.115 1+0.170 2b¢ 4.405 8+1.390 6*
T 88.986 7+0.593 4° 88.488 1+1.461 2° 86.666 5+0.766 4° 87.458 4+0.838 8° 88.134 9+0.689 6° 70.440 3£1.233 0*

T HNSFREFRPI LE, FRAEF N Z R A RE, FRERF 2R RE, P<0.05,
Note: Lowercase letters were used to represent pairwise comparison. The same letters were regarded as insignificant difference, while different letters
were regarded as significant difference, P<0.05.
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Fig.2 Chromatograms of effects of 6 kinds of endophytes fermentation on ginsenoside transformation of ginseng stems and leaves

S—mixed standards; A-original saponin in ginseng stems and leaves;, B—Bacillus amyloliquefaciens; C—Bacillus mycoides; D—Bacillus polymyxa;
E—-Bacillus subtilis; F—Bacillus lysine; G—Bacillus cereus.

x4 AZEHWEPEFE

Tab. 4 Regression equation of ginsenosides

AR 3 B 5 [E)/min [ 45 (B3 LRI /g
Rgl 31.830 Y=2.584 242x10 °X+5.272 472x10° 0.999 9 2.08~20.80
Re 33.624 ¥=3.045 859x10-°X~1.763 971102 0.999 8 2.04~20.40
Rf 50.345 ¥=2.575 101x10-°X~1.365 498x10! 0.999 8 2.04~20.40
Rbl 53.156 ¥=3.544 513x10°°X~1.458 505x10°2 0.999 9 2.00~20.00
Rg2 53.976 ¥=2.383 191x10X-5.158 786x10°2 0.999 9 1.96~19.60
Re 55.106 Y=3.215 851x10 X+6.726 40810 0.999 9 2.00~20.00
20(R)-h1 55.762 Y=2.116 331310 X-8.732 196x10 2 0.999 9 1.96~19.60
Rb2 57.447 ¥=3.388 55210 CX+1.825 798x10 2 0.999 9 2.00~20.00
Rb3 58.253 ¥=3.283 913x10 CX~1.511 758x102 0.999 8 2.08~20.80
F1 59.503 ¥=2.004 556x10-°X-9.388 506% 102 0.999 8 2.00~20.00
Rd 63.818 ¥=3.206 608x10-X+9.830 502x10-3 0.999 9 2.04~20.40
RK3 77.859 ¥=1.026 160x10-°X-3.048 077x10"! 0.999 2 2.00~20.00
F2 78.300 ¥=2.554 881x10°X~1.686 846x10"! 0.999 7 2.00~20.00
Rh4 78.901 Y=3.246 799x10-X+9.459 274x10 0.999 9 2.00~20.00
Rg3 81.059 ¥=2.356 921x10X~1.204 710x10! 0.999 8 2.00~20.00
EYNE 83.825 Y=1.526 064x10 X~1.575 577x10! 0.999 7 2.04~20.40
Compound K 89.684 Y=1.863 712x10-°X~1.068 954x10! 0.999 8 2.00~20.00
RgS 90.210 ¥=8.349 560x107X~1.477 148x10"! 0.999 7 2.00~20.00
Rh2 91.354 Y=1.936 456x10X-2.287 905x10°! 0.999 7 2.00~20.00
RS B 106.340 Y=1.798 388x10 X-2.089 044x10! 0.999 6 2.00~20.00

figp A 24 5% B I R bR LA B B0 S Rl ol
H SRR AE 1, X AS AT IR
MRS A2 S, PR AR HITER, R A
S IIHE . AFTTER N A H REA R A 2y
FREIHRRmAS RE SR, YN AR RTRZEX
T RA R T EE S . ARSI 6 FFAZSA
A BT ASA 2G5k BRI & BRI, 45
REWZHIEF AT R BEABIFIRAS R AR,
HEH IS S AT I A R — 8 SRR
JEAT TR AR 25 AT I A Bk m , R Re2.

R E PR FH 22 2023 4R 2 A5 40 5 4 1)

Rb2. F1, Rd. F2. Rh4 fl Rg3 & T,

6 Tl NS A BT NS 250 i) 5 Fhofe 24 5% B
PG e, X 20 Fheppk B 45 o A5
Horpr, Z3 RN R X A 25 5% B8 W A A FH ik
FERE . N NS TSRS . REENE . TS
R AR5 51 R 86.90%, 88.89%, 79.88%, 86.12%
1 86.67%(P<0.05) , Hi 22 R 2F AT T 0 A 245 5% BA B
fRAE IR Z o M2 R 25 T T T I 2R AT D e
NS ZEM A i, 20 R g 5 i
IR 5.84%F 5.85%(P<0.05). 44 6 FhAZSH
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Tab. 5 Effects of 6 kinds of endophytes on ginsenoside transformation of ginseng stems and leaves %

BHRA  ASEHEEE RN SRR AT ST AR MR SR

Rgl 0.856 0+£0.004 7°  0.590 2+0.030 1*  0.672 3+0.094 8
Re 2.3873+0.038 7°  1.609 5+0.108 4°  1.688 2+0.040 4%
Rf ND ND 0.001 5+0.002 6°
Rbl 0.091 1+£0.003 4°  0.3423+0.0135°  0.419 7+0.034 5°
Rg2 0.023 3+£0.004 2°  0.236 0+0.032 7> 0.247 2£0.035 0P
Re 0.509 2+£0.020 4> 0.061 6+0.0193*  0.089 1:£0.050 0°
20(R)-Rh1 0.131 6£0.015 1 0.020 4+0.035 3®  0.023 1:£0.036 8
Rb2 0.063 7+0.003 2¢  0.103 2+0.018 2 0.134 7:£0.038 43¢
Rb3 0.156 4+£0.008 1> 0.066 7+0.006 2*  0.090 1:£0.040 6°
Fl 0.154 4+0.162 3*  0.283 3+0.030 7 0.382 1+0.120 7°
Rd 0.586 1£0.024 3¢ 0.500 4+0.061 2¢  0.583 7+0.080 9*
RK3 ND ND 0.000 6+0.001 0
F2 0.393 4+0.006 8> 0.374 4+0.026 0°  0.379 4+0.011 0*
Rh4 ND 0.034 3+£0.003 2*  0.040 8+0.012 0%
Rg3 ND 0.001 10.001 9° ND
JEANS =g ND ND ND
Compound K ND ND 0.000 9+0.001 6°
Rg5 ND ND ND

Rh2 ND ND ND
FAS ND ND ND

it 5352 6+0.198 6% 4.223 4£0.306 9°  4.753 4+0.428 6%

0.608 440.084 9° 0.685 5+0.032 82 0.770 2+0.102 1** 0.693 7+0.116 92
1.575 8+0.128 4* 1.859 5+0.072 4> 2.308 10.163 7° 2.203 7+0.167 0°

ND ND 0.010 0£0.015 17 ND

0.412 9£0.029 9¢  0.446 5+0.040 7°  0.050 4+0.035 0* 0.449 6+0.057 4°
0.225 5+0.012 3% 0.250 8+0.037 5° 0.498 3+0.242 9° 0.391 9+0.032 0%
0.074 4+0.036 8* 0.089 5+0.038 1*  0.099 3+0.026 9* 0.103 8+0.032 1*
0.019 120.033 12> 0.024 5+0.040 4% 0.073 6+0.064 8> ND

0.103 8+0.005 62> 0.115 2+0.008 42> 0.164 9+0.044 8° 0.144 9+0.046 3%
0.069 4+0.018 5* 0.077 4+0.014 2*  0.104 2+0.034 3* 0.083 1+0.008 8*
0.279 0+£0.028 0% 0.322 10.010 22> 0.442 7+0.122 3° 0.457 0£0.031 1°
0.503 4+0.043 0* 0.556 3+0.028 8* 0.774 8+0.073 7° 0.829 0+0.045 4°
0.000 9+0.001 5° ND 0.003 8+0.006 6° ND

0.361 4+0.056 5 0.413 9+0.014 8% 0.475 8+0.038 4° 0.429 3+0.105 6%
0.035 7+0.003 92 0.037 0+0.002 12* 0.052 0+0.013 02> 0.057 3+0.000 0P

ND ND 0.006 6+0.007 2° 0.004 8+0.025 0
ND ND ND ND
ND ND 0.002 4+0.004 2° ND
ND ND ND 0.000 0+0.001 22
ND ND ND ND
ND 0.010 1+0.009 6* ND ND

4.269 7+0.361 3* 4.888 4+0.194 5> 5.837 0+0.1852¢ 5.848 2+0.429 4¢

TE: ND FORARMIMH . NG FEFRMM L, TR ERA RS, FRAMREREZE, P<0.05,

Note: ND meant not detected. Lowercase letters were used to represent pairwise comparison. The same letters were regarded as insignificant difference,

while different letters were regarded as significant difference, P<0.05.

i%ﬁﬁz%iﬂ%ﬂc%kfﬁ%ﬂf?%qj 5 FhAc245%
AMAZRH S RAER, Ok s iR 25 AT
BRI i A 25 5 P 1’EFH§§3%° [EL=3atn 1) PN
R FR o
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