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Abstract: The method of carbon and nitrogen stable isotope ratio analysis in caffeine and amino acids (gas chromatography
combustion isotope ratio mass spectrometry, GC-C-IRMS) was used to carry out the authenticity certification of Pu'er raw

tea in different years. Chemometrics analysis showed that the stable isotope ratios of carbon and nitrogen in caffeine and
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amino acids combined with chemometrics model could effectively distinguish Pu'er raw tea in different years. And the

accuracy of prediction and verification were more than 80%, BP-ANN had the best certification performance, whose

accuracy of prediction and verification were 100%. Through further screening and identification, three chemical markers of

Pu'er raw tea in different production years were obtained, which included 0" Ny, 0" °Cyy, and 6"°Ng,,. Therefore, the

analysis method of carbon and nitrogen stable isotope ratios in caffeine and amino acids based on GC-C-IRMS could be

used to authenticate the authenticity of Pu'er raw tea in different years. This study preliminarily established the index system

and technical system of Pu'er tea product certification, which also provided research ideas and method references for other

food certification research.
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Table 1 §"C and 6"N values of caffeine and amino acid of tea samples with different production years (%o, n=9)
201447 H 2% 20154FEH 2% 20164FE-H 28 201 74FEH 2% 201 84 HH A%
A B+ ) CEE+ ) C EH{E+ . PP H+ X O E+ ) . F PiE
e RN K EZ@% /M Bk f ?ﬁé M Rkl ff;f; MR 0 SN K
N S31.04+ 3127+ 231,60+ 232,50+ 3285+
S "Coppm 14 3115 3068 iy 3141 3105 s 3184 3136 iy 3273 3235 13 —33.05 —32.64 290.27 0.000
5 2227+ ~23.30+ -23.54+ 2438+ 24,64+
S Commm g1a 2238 2191 (e 2344 <2307 i 2379 2329 5 2462 <2422 (e 2485 —24.42 391.56 0.000
o ~29.03+ -29.24+ -29.55+ ~30.43+ ~30.76+
KEw o3 2914 <2867 g 2938 22902 1o 2979 =29.31 o1 —30.66 —30.28 o1 —30.96 —30.55 267.91 0.000
5 2046+ —21.60+ —21.83+ 22,65+ ~22.90+
Comm 130 2057 22010 3 2175 2137 3 2208 2157 g1 2289 <2250 ¢ jge —23.11 —22.68 404.76 0.000
5 ~19.59+ ~19.90+ -20.12+ ~20.91+ 2114+
" Copemm (o0 —1970 ~19.23  (1ov <2004 —19.68 1 2036 ~1987 (a0 2114 2076 10 —21.35 —20.93 204.65 0.000
0 Cpme _%ngi ~28.58 —28.11 _2091'25§i ~29.38 ~29.02 _%)9i57f* -29.79 ~29.30 _f)ol'ﬁ* ~30.67 ~30.28 _f)oi;fi ~30.96 —30.54 386.53 0.000
0"Cuugm %szli ~15.42 —14.95 7561'38% -16.44 —16.07 f)ﬁézi -16.72 —16.21 73)7@* ~17.49 —17.09 71)7;;% ~17.66 —17.22 309.57 0.000
0Nyt %‘gﬁf 191 299 %)‘539; 204 3.14 %‘561; 230 4.34 ‘3‘1? 403 524 ‘(‘)'923; 434 516 6226 0.000
O*Nissm %5;;? 289 397 %'(;gf 426 575 %‘é‘;f 463 736 ngj 694 852 %gi‘f 734 840 107.320.000
+ + +
"N %7375 3.08 416 f)?; 333 443 ‘(‘)‘96; 370 575 %if 555 6.76 %‘527; 598 680 83.65 0.000
s 497+ 7.56+ 9.00+ 10.79+ 11.20+
O Ngmm gy 428 536 ga 676 836  peon 728 1008 g 985 1152 ye 1039 1151 170.40 0.000
s 2.83+ 439+ 5.67+ 7.32+ 732+
S Nrjeam g3g0 214 322 g 355 524 gop 386 693 a 633 809 o 649 764 89.06 0.000
s 1.50+ 1.63+ 2.5+ 3.79+ 3.88+
Nymm  g37e 081 189 (ac 099 228 o L4 353 5 300 439 (S0 320 414 4865 0.000
s 112+ 1.05+ 1.87+ 3.00+ 3.07+
I Nuws 533 043 151 o0 045 165 (e 056 278 gum 227 35T oo 243 331 41.22 0.000

TE: PR ZREZ AR, AR RVNG FRERR ORI A ARy B 28 2 [ 22 57: {2 3% (Duncan, P<0.05)



XUBEAR, 4. = TOMERROR 2 S B R E (R 107 38 LR [RAR A AR S SR AIE 5.

—2.0 0.0

2.0

TETTTTTTTTOINON NN NN NMINOOOOOVOOOOOST=S=00- 00~ 00 00 00 00 00 00 00 00 O

et et et e et et et et et ek et el e ek et e e e T T | —

e e e et e et e et et e et et el el el ) ] —

OO OO OO OO OO0 OO OO0 0
[ K\ Na Ra\Na N\ No No ol Hol ol Hol ol ol ol ol o\ el Nl NaN N N Re Na\ Na  No  No N\ N o No No\ ol ol ol oS ! Il oS I oN I ol I ol N N\ e\ NN |

~
]

o 2 ~0.51549506
o

2 %

g 2 0.24225247

S S 9

| (= —

BT REA S mMER A 6 Ff 207 B A E LRI 01°C Al 0N 19 HCA FHSCHE R
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Table 2 Model training and prediction results of the BP-ANN model

IS RS

20144E 25 20154E25FE 20164E 25 201 74E25KE 20184E25HE MGt 20144E 250 20154E45KE 20164E 254 201 74E 25K 20184E45HE it
20144F55H 7 0 0 0 0 7 2 0 0 0 0 2
2015425 0 7 0 0 0 7 0 2 0 0 0 2
20164FE%5FF 0 0 6 0 0 6 0 0 3 0 0 3
20174 %5FF 0 0 0 6 0 6 0 0 0 3 0 3
20184F45HF 0 0 0 0 7 7 0 0 0 0 2 2
HEHE(%)  100.0 100.0 100.0 100.0 1000 100.0  100.0 100.0 100.0 100.0 100.0  100.0
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Table 3 Model training, cross-validation and prediction results by the LDA model

20144FE 55K 20154E45KE 20164FE55KE 20174E45HE 20184E45HE MR (%)
pllERS
20144454 5 0 0 0 0 100.0
20154454 0 6 0 0 0 100.0
20164454 0 1 6 0 0 85.7
201 74EA5HE 0 0 0 6 1 85.7
20184 45HF 0 0 0 1 6 85.7
PUEE ST (%) 90.6
A& SURHIFSE
20144454 5 0 0 0 0 100.0
20154 554F 0 6 0 0 0 100.0
201647554 0 1 6 0 0 85.7
20174F55HF 0 0 0 6 1 85.7
2018455 0 0 0 2 5 71.4
TR EE ST (%) 87.5
AR
20144F 254 4 0 0 0 0 100.0
2015445 0 2 1 0 0 66.7
20164454 0 0 2 0 0 100.0
2017445 0 0 0 2 0 100.0
20184F 45 0 0 0 1 1 50.0
Tt e 71 (%) 84.6
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Table 4 Models performance under a “blind” dataset
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ZHE .

0160 1 4 0 0 80.0
B :

0I8F 0 0 0 5 100.0

miaE A
(%) 88.0

04F s 0 0 0 0 100.0

0F 5 0 0 0 100.0

2165 0 1 4 0 0 80.0

j/tji i :

2018% 0 0 0 0 5 100.0

i)
(%) 96.0

WI4E s 0 0 0 0 100.0

0155 4 1 0 0 80.0
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LDA
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(%) 80.0
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