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Abstract: Objective: To establish a quantitative analysis of multi-components by single-marker (QAMS) with using
glutamic acid as the internal reference, the content of 17 amino acids in Morchella esculenta was determined
simultaneously. Methods: High performance liquid chromatography (HPLC) was used with acetonitrile-ammonium acetate
aqueous solution as mobile phase, gradient elution and glutamic as the internal reference substance was used to establish its
relative correction factors (RCF) of other 16 amino acids. The content of 17 amino acids in Morchella esculenta was
calculated by using the relative correction factor. Internal standard method was used to determine 17 amino acids in
Morchella esculenta. The validity of the QAMS method was evaluated by comparison of the quantitative results of both
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methods and to validate the durability of this method. Results: The 17 amino acids had a great linear relationship in the

linear range, and the correlation coefficients higher than 0.9990, the average recovery rate of 17 amino acids were in the
range of 92.42%~101.16%, and the relative standard deviations (RSD) were in the range of 0.25%~1.94%, and
reproducibility was good in different experimental conditions (RSD<2.0%); through the comparative analysis of
determination results of QAMS and the internal standanrd method, the two methods had no significant difference (P>0.05).
The RCF and the relative retention time RSD in different chromatographic columns and chromatographic systems all less

than 2.0%, and the durability was good. Conclusion: This method is simple, easy to operate, accurate and can save the cost

of content determination. It can be used as a new model for the determination of amino acid content in Morchella esculenta,

and can also provide a valuable reference for the quality evaluation of Morchella esculenta.

Key words: Morchella esculenta; amino acid; quantitative analysis multi-components by single-marker (QAMS); RCF;

quality evaluation; HPLC
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Fig.1 HPLC analysis of amino acids in Morchella esculenta
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Table 1  Linearity relationships of 17 kinds of amino acids
RBEERR e mlRy s LM F (mg/mL) R
Asp y=4743.8x+39.433 0.0099~0.1588 0.9993
Glu y=4437.8x+46.821 0.0124~0.1984 0.9990
Ser y=9075.8x+18.288 0.0054~0.0872 0.9996
Gly y=13024x+22.521 0.0052~0.0832 0.9991
His y=7350.8x+15.929 0.0020~0.0312 0.9992
Thr y=8382.9x+50.338 0.0254~0.4068 0.9991
Ala y=13661x+12.329 0.0078~0.1244 0.9992
Arg y=4690.2x+5.8 0.0112~0.1788 0.9998
Pro y=7841.1x+39.221 0.0069~0.1108 0.9990
Tyr y=6876.9x—2.5583 0.0046~0.0728 0.9993
Val y=8890.4x+22.413 0.0052~0.0828 0.9990
Met y=8774.4x+19.958 0.0015~0.0240 0.9993
Ile y=9859.5x—1.6917 0.0046~0.0736 0.9992
Leu y=9427.4x+9.775 0.0066~0.1048 0.9994
Phe y=7605.4x+8.0167 0.0042~0.0680 0.9995
Trp y=7493.9x+16.479 0.0045~0.0724 0.9992
Lys y=8462.9x—4.5417 0.0112~0.1784 0.9992
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Table 2 Relative correction factor of 17 amino acids

il

Asp Ser Gly His Thr Ala Arg

Pro

Tyr Val Met Ile Leu Phe Trp Lys

1.0540
1.0432
1.0530
1.0373
1.0533
1.0439

1.0475
0.66

1.6964
1.7103
1.6989
1.7399
1.7209
1.6931

1.7099
1.05

2.4030
2.3989
2.4054
2.4482
2.4159
2.4533

2.4208
0.99

1.1089
1.1259
1.1095
1.1051
1.1011
1.1297

1.1133
1.05

1.6728
1.6581
1.6658
1.6842
1.6682
1.6830

1.6720
0.61

2.3843
2.3542
2.3744
2.3673
23918
2.3834

2.3759
0.57

0.9907
0.9756
0.9853
0.9986
0.9965
1.0115

0.9930
1.24

C\UI#WN'—‘“TQ['

Ty
RSD%

1.5040
1.5244
1.5115
1.5398
1.5384
1.5379

1.5260
1.01

0.9562
0.9749
0.9498
0.9682
0.9324
0.9384

0.9533
1.73

1.7152
1.6917
1.7000
1.7097
1.7149
1.7281

1.7099
0.75

2.0534
2.0500
2.0472
2.0431
2.0424
2.0625

2.0498
0.37

1.6550
1.6369
1.6140
1.6371
1.6435
1.6553

1.6403
0.93

1.6295
1.6350
1.6343
1.6337
1.6431
1.6317

1.6346
0.28

1.2742
1.2422
1.2716
1.2716
1.2626
1.2592

1.2636
0.95

1.3764
1.3686
1.3630
1.3797
1.3635
1.3825

1.3723
0.61

1.3599
1.3626
1.3553
1.3564
1.3534
1.3688

1.3594
0.42
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Table 3 Result of recovery tests
IR FEah i (mg) JkzfE (mg) 745 (mg) S IR (%) RSD(%)

0.1987 0.1987 0.3943

Asp 0.1987 0.1987 0.3969 98.42 1.09
0.1987 0.1987 0.3986
0.2481 0.2481 0.4970

Glu 0.2481 0.2481 0.5007 96.25 1.94
0.2481 0.2481 0.4914
0.1092 0.1092 0.2143

Ser 0.1092 0.1092 0.2154 99.73 1.46
0.1092 0.1092 0.2174
0.1039 0.1039 0.2075

Gly 0.1039 0.1039 0.2094 95.65 1.15
0.1039 0.1039 0.2072
0.0390 0.0390 0.0763

His 0.0390 0.0390 0.0776 100.08 1.65
0.0390 0.0390 0.0770
0.5084 0.5084 1.0173

Thr 0.5084 0.5084 1.0157 92.42 0.25
0.5084 0.5084 1.0182
0.1557 0.1557 0.2996

Ala 0.1557 0.1557 0.3050 95.79 1.88
0.1557 0.1557 0.3016
0.2235 0.2235 0.4376

Arg 0.2235 0.2235 0.4425 100.95 1.16
0.2235 0.2235 0.4411
0.1386 0.1386 0.2785

Pro 0.1386 0.1386 0.2745 100.38 1.49
0.1386 0.1386 0.2774
0.0908 0.0908 0.1820

Tyr 0.0908 0.0908 0.1828 98.14 1.25
0.0908 0.0908 0.1843
0.1036 0.1036 0.2053

Val 0.1036 0.1036 0.2055 96.91 0.41
0.1036 0.1036 0.2061
0.0303 0.0303 0.0596

Met 0.0303 0.0303 0.0596 94.62 0.67
0.0303 0.0303 0.0599
0.0919 0.0919 0.1789

Ile 0.0919 0.0919 0.1788 101.16 1.17
0.0919 0.0919 0.1769
0.1313 0.1313 0.2641

Leu 0.1313 0.1313 0.2635 98.36 1.86
0.1313 0.1313 0.2597
0.0848 0.0848 0.1682

Phe 0.0848 0.0848 0.1674 92.99 0.68
0.0848 0.0848 0.1685
0.0903 0.0903 0.1743

Trp 0.0903 0.0903 0.1734 92.77 1.70
0.0903 0.0903 0.1762
0.2228 0.2228 0.4295

Lys 0.2228 0.2228 0.4347 100.32 1.62
0.2228 0.2228 0.4285

iR BIE FPEARN AT AT ARSI 1 S6IE, 7EXT AR B= 1
TEOLT, BTEEST i) — I ZPEE AT LAE R —FP 2t .
Aiffy . PEERY T2 T A B BT B i PP

2.2.8 i HMEEES

2.2.8.1 ANFEIEEAERNZE  RIAMKFIEE Hypersil
ODS2(250 mmx4.6 mm, 5 um). Agilent C,(250 mmx
4.6 mm, 5 um) (A% FEFE Agilent 1100 HPLC i 5
16 Fh 2 FLPR i AHXT RS TE B F52 e L3R 5. B3R 5 7

1, 16 FPEELRR PIAHXIAZ IE PR FFEA R @ i% 4~ 19
RSD ¥J/NTF 1.85%, 6B AR XA 1 PR HEAS [7] i i
O3EA N B RArmEE M.

2.2.82 ANFEMLZFMIFZEE R AR R4 Hypersil
ODS2(250 mmx4.6 mm, 5 um) A%+, #%%£< Agilent
1100 HPLC. Agilent 1260 HPLC %} 16 Fh & FEFRAH
XREEEFRsEm L 5. 3R 5 Al REULES T
) B FEFRAH XA 1 719 RSD ¥R K T 1.57%, &
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Table 4 Amino acid content of Morchella esculenta ( mg/mL )
ik Glu Asp Ser Gly His Thr
. BRI WHRE  QAMS WhRE QAMS IR QAMS R QAMS WIRE  QAMS
1 0.0496 0.0396 0.0397 0.0214 0.0218 0.0204 0.0208 0.0070 0.0078 0.1012 0.1017
0.0498 0.0401 0.0399 0.0217 0.0219 0.0208 0.0210 0.0078 0.0079 0.1015 0.1018
3 0.0495 0.0391 0.0394 0.0212 0.0215 0.0207 0.0207 0.0078 0.0076 0.1008 0.1013
ok Ala Arg Pro Tyr Val
MR QAMS  MIRREE QAMS WIRREE QAMS  WIRREE QAMS WHRZE QAMS
0.0309 0.0311 0.0439 0.0447 0.0274 0.0277 0.0176 0.0182 0.0203 0.0207
0.0311 0.0314 0.0444 0.0449 0.0276 0.0279 0.0178 0.0183 0.0206 0.0209
3 0.0309 0.0310 0.0442 0.0444 0.0268 0.0272 0.0180 0.0180 0.0205 0.0205
- Met Ile Leu Phe Trp Lys
" WFREE QAMS WL QAMS WRREE QAMS RREE QAMS  RREE QAMS WIRE QAMS
0.0057 0.0061 0.0180 0.0184 0.0258 0.0263 0.0166 0.0170 0.0177 0.0181 0.0444 0.0446
0.0063 0.0064 0.0184 0.0185 0.0260 0.0263 0.0167 0.0170 0.0182 0.0183 0.0448 0.0447
3 0.0059 0.0059 0.0180 0.0182 0.0256 0.0257 0.0166 0.0167 0.0179 0.0182 0.0443 0.0443
K5 OAFEOIEFE BSOS X E R TR 50
Table 5 Effect of different chromatographic columns and instruments on RCF
JE Agilent 1100 HPLC Hypersil ODS2
HAFFODS2 Agilent C, RSD(%) Agilent 1100 HPLC Agilent 1260 HPLC RSD(%)
Asp 1.0415 1.0486 0.48 1.0488 1.0500 0.08
Ser 1.7041 1.7027 0.06 1.7065 1.6939 0.53
Gly 2.4270 2.4149 0.35 24174 2.4240 0.19
His 1.1180 1.1004 1.12 1.1192 1.1116 0.48
Thr 1.6695 1.6311 1.65 1.6526 1.6660 0.57
Ala 2.3843 2.3313 1.59 2.3905 2.3791 0.34
Arg 0.9907 0.9867 0.28 0.9835 0.9817 0.12
Pro 1.5160 1.5064 0.45 1.5296 1.5640 1.57
Tyr 0.9535 0.9475 0.44 0.9590 0.9774 1.34
Val 1.6951 1.7238 1.19 1.6920 1.6692 0.96
Met 2.0534 2.0226 1.07 2.0004 1.9877 0.45
Tle 1.6550 1.6369 0.77 1.6140 1.6006 0.59
Leu 1.6295 1.6034 1.14 1.6343 1.6082 1.14
Phe 1.2742 1.2618 0.69 1.2588 1.2321 1.51
Trp 1.3709 1.3355 1.85 1.3520 1.3333 0.98
Lys 1.3524 1.3372 0.80 1.3441 1.3188 1.34

S R, BERH I aE TR FEI AR R .
2.2.8.3 EFIEENT ORI 1 HE AR 2 7 2 AR UE
QAMS LN AT . DIBEER N NSY), RN
[ LA R s RO AR S ASL, SO EAEXT R B B ] 2 17
oI iR, TR 6. M3 6 AT, FEAR[E 4
JEAE RIS 2G0T, AH XA B B ) 2R b e R 4N,
RSD 1 < 1.14%, Al HEFAENL .
2.3 AEIMXERLEANE

FH— I Z PP E 6 DNHLIX Bt E b 17 Fb
HFRBHHF RN 7, R 701, FHEE S 8 Fh
AR R FER, H AR BRI 47.22%~55.34%, H
B Thr & B e &m0, FEEM 16.55%~21.77%-
TH R S HLR 5 BE Y 36.60%~45.77%, IR 48 KL iR
BRI 21.63%~27.34%. Leu I Val B A k52X
R FIARFIAR B, 3% e S SR AR 2 T B A R P T ) i
o R, ORI BREA iRXUsR  EE A

P HEERANIE ST 4, HE AR B 47.74%~
56.42%, Hirft Glu, Lys “F3#3 /5 25 & LR A 1Y

17.29%. 17.05%. “FEALET &G 03 B amg ol L
N FEL Y PR ER AN, Glu X ARifh & 4514%5 . BN
R WS EAP IR, 45 LUk, FHHEE a2
25 A BRI Sy HIF R AR PR B L 24500 DL A H R
BB T — 2 iy

AS[RY = Hb 25 P 2 A SRR B B W 22 5
YU FRARON B B A %) SR L B AR A 2 3 1 B i
7, TR AR P AR B i b, HARRIHBIX 194524
Fp oA — 25, Rknl A, R 2E 5 5 HER
I A, FE N REA O,

b 7S A AN (] i X4 2 i B 20 5 1 ) 2 285 R i
N, EME R T R R, HE S AR
T A LR 24 FH 2 5 0R, A B B AN, W E N
MR TG 2 FER B IR TSR = —, HAR B EAE
AN FEEFLRR DI RR M LRI | FHRSRERR 5
R, TR BETIERFI KRR F I, 5 LA,
SEAREAE R AR B AR R R ST
P A 7 FH AT 5 o
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Table 6 Relative retention times of different chromatographic columns and instruments
o Agilent 1100 HPLC Hypersil ODS2
HHFFODS2 Agilent C RSD(%) Agilent 1100 HPLC Agilent 1260 HPLC RSD(%)
Asp 1.254 1.255 0.05 1.252 1.254 0.10
Ser 0.527 0.524 0.42 0.527 0.524 0.36
Gly 0.489 0.486 0.41 0.489 0.487 0.36
His 0.408 0.404 0.80 0.410 0.412 0.37
Thr 0.332 0.334 0.28 0.332 0.334 0.55
Ala 0.306 0.306 0.16 0.304 0.306 0.34
Arg 0.277 0.275 0.49 0.276 0.275 0.27
Pro 0.236 0.237 0.06 0.236 0.235 0.27
Tyr 0.185 0.182 1.14 0.186 0.184 0.61
Val 0.180 0.177 1.04 0.181 0.179 0.46
Met 0.173 0.170 1.10 0.174 0.172 0.57
Ile 0.165 0.162 1.12 0.166 0.165 0.57
Leu 0.164 0.161 1.12 0.165 0.163 0.56
Phe 0.157 0.154 1.14 0.158 0.156 0.59
Trp 0.154 0.152 0.93 0.155 0.154 0.38
Lys 0.150 0.147 1.14 0.150 0.149 0.57
KT AR A AR & B E (2/100 )
Table 7 Amino acid content of Morchella esculenta ( g/100 g )
H LR KRR B2 A~ S =M st
Asp 2.110+0.045 2.150+0.077 2.031+0.027 1.794+0.049 1.983+0.025 1.322+0.025
Glu 2.825+0.069 2.435+0.097 2.658+0.042 2.094+0.018 2.477+£0.034 1.421+0.023
Ser 1.265+0.025 0.997+0.012 0.960+0.017 0.969+0.018 1.090+0.018 0.769+0.008
Gly 1.113+0.021 1.036+0.017 1.023+0.011 0.980+0.019 1.020+0.021 0.825+0.007
His 1.046+0.011 0.870+0.015 1.170+0.018 1.203+0.017 0.385+0.002 0.515+0.004
Thr" 4.877+0.083 5.164+0.083 5.14740.069 4.429+0.096 5.085+0.097 3.607+0.076
Ala 1.256+0.010 1.447+0.017 1.400+0.026 1.190+0.026 1.558+0.017 0.944+0.016
Arg 2.855+0.092 2.057+0.065 1.989+0.060 2.195+0.045 2.229+0.056 0.622+0.007
Pro 1.185+0.025 1.160+0.020 1.035+0.014 1.042+0.020 1.384+0.020 0.889+0.014
Tyr 1.165+0.018 1.112+0.019 1.300+0.025 0.943+0.014 0.920+0.014 1.528+0.034
Val' 1.291+0.022 1.341+0.032 1.347+0.033 2.050+0.055 1.042+0.008 0.936+0.013
Met 0.453+0.004 0.253+0.001 0.365+0.003 0.332+0.002 0.308+0.002 0.313£0.002
Ile" 1.125+0.015 1.050+0.021 1.053+0.021 1.001+0.017 0.929+0.013 0.824+0.009
Leu” 1.651+0.042 1.471+0.025 1.512+0.027 1.374+0.028 1.335+0.026 1.113+£0.011
Phe 1.007+0.019 0.959+0.018 0.953+0.017 0.966+0.012 0.840+0.014 0.706+0.010
Trp” 1.060+0.021 0.912+0.012 0.778+0.008 1.621+0.039 0.912+0.013 0.179+0.001
Lys’ 2.544+0.085 2.785+0.087 2.539+0.061 2.126+0.065 2.245+0.050 1.443+0.023
TAA 28.827+1.099 27.197+1.364 27.259+1.379 26.311+1.037 25.743+1.619 17.952+1.733
EAA 14.007+0.116 13.934+1.329 13.694+0.503 13.900+0.208 12.697+0.723 9.119 +£0.299
NEAA 14.820+0.512 13.263+0.703 13.566+0.386 12.411+0.464 13.046+0.606 8.833+0.703
e N AR T IR SR ZFENR (Asp. Glu, Lys); FHPRZZEMR (Thr, Ser, Gly. Ala, His. Pro); 25 FH2{2E/% (Met. Asp. Glu, Phe. Lys. Leu, Arg. Tyr,
Gly).
3 &g e e AR LR [J]. A se A5, 2019, 40(5): 323-328. [ SUN Q
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