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Effect of glyphosate on main biochemical components of tea leaves
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Abstract ; Taking Camellia sinensis ‘ Jin-guanyin’ as test material , glyphosate was quantitatively applyed on tea plants cultiva-
tion substrate. By observing the apparent phytotoxicity of tea leaves, and using ultra-high performance liquid phase tandem
mass spectrometry to determine the pesticide residues ( glyphosate and aminomethylphosphonic acid) and main quality com-
ponents (free amino acids, catechins and alkaloids) in the tea leaves before (0 d) and after (7 d and 33 d) glyphosate ap-
plying,to explore the impact of glyphosate application on the quality and safety of tea production. The results showed that:
glyphosate was applied for 33 days,and there was no obvious sign of phytotoxicity in tea leaves,but glyphosate and its metabo-
lite aminomethylphosphonic acid were still detected ; The total amount of free amino acids and catechins decreased after the
application of glyphosate ,while the total amount of alkaloids first increased and then decreased ; Multivariate statistical analy-
sis showes , there are obvious differences of theanine, caffeine, epigallocatechin gallate , glutamine, epicatechin gallate, epicate-
chin, arginine , aspartic acid, glutamic acid and epigallocatechin between the sample groups before and after glyphosate appli-
cation. In summary, the application of glyphosate in tea gardens is not easy to cause phytotoxicity in the tea leaves,but it can
remain in the leaves of tea plants for a long time and significantly change the content of free amino acids, catechins and alka-

loids in tea leaves.
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mg/mL (IR THEF IR EE ) (3 mg/ mL (47 Ik
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RN A AR A A W) BOR 28 7] AR IR A b
HERE 2 WO F 26 [ Sigma A 7], 45 : KA R TR (as-
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396 KIRF=YIBE R 5T K

Vol. 33
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MPa ; IS /7 :0. 38 Mpa ; # IR BE 550 °C
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Fig. 1 Observation of the phytotoxicity (A) and the content of PMG and

AMPA in tea leaves (B) under the spraying of PMG at different times
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AR IS FE i 3 3 28 AN B s R R 4 oy
(WLFR 1), LAy 27 AN s S SRR 41 43 1 & fe e i
25 KA W EEARE (P <0.05) , i B 2 AR B
R H B2y 7 KA 33 K34 E R (P <0.05)
FETRIY SRR T T 33 K TR R, BRI 4550
iKF 38.03% Fl 62. 03% ; A N 2 12 . 1 2 1R 1 £ 2
TR i) & e S B S 7 KT e S 33 R
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e RA R H AR HAR HEAR . SARN &
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Table 1  The content of amino acids in tea leaves after glyphosate applying (n =6)
Wi AL ] Time(d)

Amino acids(mg/g) 0 7 33
ZRE R Thea 14.75 £0.68° 9.14 +0.77" 5.6+0.47¢
BHR Glu 5.46 +0.36" 4.57 £0.26" 4.15 +0.16°
B AR Gln 4.49 £0.20° 1.75+0.15" 1.11 £0.08¢
KA Asp 5.23 +£0.53* 4.42 +0.34" 5.18 +0.32°
H4# Cly 0.18 +0.02* 0.14 +0.01" 0.10 +0.01°
HAE R His 0.13 +0.01° 0.10 +0.01" 0.07 £0.01°¢
R Met 0.02 +0.00? 0.01 +0.00" 0.00 +0.00°
55% Om 0.05 £0.03* 0.02 £0.01" 0.01 +0.01"
W #R Sar 0.00 +0.00" 0.00 +0.00" 0.04 +0.02°

= v Hy-
iéfo% Am Hy 0.02 £0.00" 0.03 £0.00" 0.04 =0.00*
AR Lys 0.21 £0.01" 0.22 £0.01" 0.26 +0.02°
&R Arg 3.71 +0.30" 3.98 +0.29" 5.90 +0.50*
JRE R Cit 0.03 0. 00* 0.03 =0.00* 0.03 £0.01*
HE R Thr 0.53 +0.04* 0.57 +0.04* 0.43 +0.02"
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2:5% 1( Continued Tab. 1)

B R AbFRAFH] Time(d)

Amino acids(mg/g) 0 7 13
WA Ala 0.58 £0.06* 0.60 £0.04° 0.47 £0.03"
Ef‘ETgﬁ CA- 0.03 +0.01° 0.04 +0.01° 0.02 +£0.00"
% Pro 0.14 £0.01" 0.17 £0.01° 0.06 +0.00°
%R Tyr 0.10 £0.01" 0.11 £0.01° 0.05 £0.00°
R Val 0.10 £0.01" 0.13 £0.01° 0.04 +0.00°
FHE R Phe 0.05+0.01" 0.12 +0.01° 0.03 +0.00°
RAWEME Asn 0.26 +0.03" 0.41 £0.07° 0.11 +£0.02¢
Fs AR e 0.10 £0.01" 0.14 +0.01° 0.03 +0.00°
LT EOHNH, 0.35+0.03" 0.45 £0.04* 0.29 +0.04¢
i’i’iﬁa:@ﬁ 0.02 +0.00" 0.02 +0.00* 0.01 +0.00°
22581 Ser 1.09 +0.07" 1.27 +0.07° 0.99 +0.05°
AR Trp 0.08 +0.01" 0.15 £0.01° 0.07 £0.01"
i—f%&ﬁTﬁﬁ B 0.06 +0.03" 0.11 +0.03" 0.05 +0.01"
i@gﬁég; 0.03 +0. 01’{ 0.06 10‘01“l 0.02 £0.01"

37.81 +2.00° 28.74 +1.81" 25.18 +1.17¢

TR PR B = bR T A R L i (0. 05 KT W B (P <0.05), T,
Note : The data in the table is expressed by mean + SD, different superscript letters in the same row indicate significant differences at the 0. 05 level (P <
0.05) ,the same below.
2.3 EHBNEMHRILZRZXUKEMESENE K33 RYBEF T, o, wHBERE,C M
i EC A&7 7T RFFEAC,7E 33 KTFiE ;1 EGC Fil GC
AREHEA 6 MILERA W EEE TEER  BWESAAET RIS, 76 33 KFEIK; ECG Al EGCG (g
(WFz2), =6 MILARASMFHESARfFAEDR  BULASR) WERAET KM 33 KT,
FEZESR(P<0.05) LR S EFERH S 7
2 EHBEAMNERMEIILXEASSEHTM(0=0)

Table 2 The content of catechins in tea leaves after glyphosate applying (n=6)

ILZEZ% S PRI [A] Time (d)
Catechins( mg/g) 0 7 33
JLFEE C 0.43 £0.04* 0.36 £0.04" 0.46 £0.03*
FILEZ EC 11.23 £0. 16* 10.47 0. 16" 11.77 £0.03*
KWETILEZE EGC 30.06 +0.25° 30.37 £0.36° 29.39 +0.44"
BETILEZE GC 4.17 £0.13% 4.31 £0.09° 4.12 £0.20"
FILKZE W ETNE ECG 12.20 £0.24° 10.59 £0. 14" 9.84 +0.15¢
FWETILEZWE TN EGCG 45.30 £0.47° 44.91 +0.67° 40.11 +0.61"
JLESZ Mt Total catechins 103.39 £0.96* 101.01 =1.16" 95.69 +1.24°

2.4 EHBNEMHAEYEEXEDESEMNE 33 RIYFRLLMHb 0 RE%, mion e & &7 7 K

1] B3 I 7R 33 R EFER AR T AT (0 K) .
A e w2 NMAEYRMA S (WL 2.5 EHBENEMMHAREEZEEURSEZNNES T

3) 2 MR S A A A R I AR R 2 S Gt

(P<0.05) AW e mE s AR 7 KB#  2.5.1 #BE TS

Fhim, 78 33 R T M. FIATAR ) & i AE 7 KA Shy SR b, 2 1% 2 R4 o ) B S A LA B
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#3 EHBEAXMESIREDBEEEMFM(n=06)
Table 3 The content of alkaloids in tea leaves after glyphosate applying (n=6)
R AbERRSE] Time(d)
Alkaloid( mg/g) 0 7 33
A m[ i TB 0.95 £0.04* 0.57 +0.02" 0.37 £0.01°¢
MIMERS CA 20.67 +0.08" 22.50 £0.17° 18.90 +£0.24°
H: g S Total alkaloids 21.63 £0. 14" 23.07 £0.26° 19.28 +£0.35°
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Fig.2 Heat map of 36 chemical components in tea leaves after glyphosate applying
U 20 B R R R S AR, W R S KO s A FKn T 5K F . Note:The color scale indicates the standardized converted

value,blue indicates a low content level ;red indicates a high content level.
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Fig. 3 PLS-DA analysis result diagram of biochemical components in tea leaves
TE:A 4 PLS-DA #3443 [E (R*X =95.3% ,R*Y =98.9% , Q% =98.5% ) ;B oMM <8 LIRTELE SR (R® =0. 174,07 =-0.361) ;C 2y PLS-DA #
T2 & ;D S VIP B (VIP >1), Note:A is PLS-DA score graph (R*X =95.3% ,R*Y =98.9% ,(0* =98.5% ) ;B is the cross-validation result
of the model (R?> =0.174,Q% =-0.361) ;C is the PLS-DA model factor Load graph;D is the VIP graph (VIP >1).
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