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Determination of 16 amino acids in fresh Morchella esculenta of Yunnan
province by amino acid automatic analyzer
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ABSTRACT: Objective To establish a method for the determination and analysis of 16 amino acids in fresh
Morchella esculenta from Yunnan province by automatic amino acid analyzer. Methods The samples were
homogenized and treated with acid hydrolysis, and then the concentration of amino acids were determined by
automatic amino acid analyzer. The amino acids in Morchella esculenta were analyzed by calculating the total content
of amino acids, the ratio of essential amino acids and the ratio of taste amino acids, respectively. Results The 16
amino acids had good linear relationships in the range of 10—-150 nmol/mL, and the correlation coefficients were
0.9988-0.9999. The limits of detection were 1.0-2.5 mg/100 g. The limits of quantitation were 3.0-7.5 mg/100 g.
The recoveries of 16 amino acids were 88.2%—105.2%, with the relative standard deviations of 3.95%—11.67%.
Yunnan fresh Morchella esculenta contained 16 kinds of amino acids, the average content was 3.298 g/100 g, and the
essential amino acids accounted for 35.8%~38.0% of the total amino acids. Among them, glutamic acid and aspartic
acid were the highest content, accounting for 21.8%—24.4% of the total amino acid. Conclusion The determination

of amino acids in morels by automatic amino acid analyzer has the advantages of good reproducibility and reliable
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results. The content of amino acids in morchella yunnanensis is rich, and the content of amino acids between samples

in each city is relatively stable.
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EHEB (Morchella esculenta) LFRENEZE . LRHEE, A
FHEE ] (Ascomycota) . - it 1 J& (Morchella) 5UFh & ) S PR,
ERE 4 REMLZHERARZ —, BARENZAAESR
wE!" . B RETAIFSE R, SRR A b2 RS TR AL A
KRG . AR, 2R . S IR 5
Hrp, AERWEENILEE, BFAFEMEEAER S ELL
% 1.4 £, UHEARFT AT & LR — B &
Bt 25~40%2 Y, EREE A ATz, FETR R F AT
AT LI I b X R 7 R e L X, 2 e R A A A A
MR AR N B A S TR A AR AR T 0 S A A A BT

RBERETH Dl 2 MR RN A
MU G, REFEIER Nk . LS8, TRk
FE, LAY E AT EL AR R EST E RTE A ik A
Fe k. AR A SOAH R OB AR ik . SRR B Bh AT
1P IR A Bh A0 H (0 T LA BH B 158 Al
FEAH, BRYESG: MR MR BIAH, FEAT)E R A =i iR 5 2 5t
FRAT A A JEAR AT ISR AT A ) AT S ERAEZe i, 1%
EHATEBIEL . (ke . 45RO a. HaeT
Z R X TR R SR A ) R GV ST X R ),

AR AR T T SR [ 4 ik I E
B E R IR, FERTR B mm L. BB, PR,
KHE FERE LB AR L 6 A>T BT 3 2 B R S v 16 R
FER o AT TIERTSY, X T Mt = B E A T SRR
T AARGL, Blete R AT R M A —E
p=9'8

2 ST

2.1 UE5EH

A300 4 A Sh&E IR T (FEE Membrapure 23 F);
DN-24w HZS AR (13 1L F]); DHG-9070 7 B HAHE IR
SR AE (i — 1R A BR 2 w]); S1-234 Hi P (4 [
DENVER /A f]); Milli-Q #R£li/K %7 (35 [E Millipore 23 ).

16 R SRRV R A AR D) T AL 5 KA 2R Asp . 7
MR Thr, AR Ser. AR Glu, HHER Gly. WAR
Ala., #E R Val . EZ R Met. =28 lle. =48 Leu.
FEE R Tyr. “KINE MR Phe. &ML His, #& MR Lys. K
R Arg. &R Pro(100 nmol/mL, C1707015, 7% [
membraPure GmbH /A F]); $hER(EH 4L, VUpefb TRA
B TD); ZEB (BT 4E, WA XURRAL Tk T); R

FRREW . NI] pH RN 500 B8 A0 VR B 28 bk . B = T V5 T
(% membraPure GmbH 2\ H]); L% F K H %N
18.2 MQ-cm,

LR BERE A AR B RV . B iR, K
PR AR R AR 6 MR AT .
22 EWHE
22,1 HsEra®

2 [ B R 12 0 20 AR R A R A T R AR FRU O ik
BT E R R A1, MERIARE 0.2 g KB TR . 7EK
fRE I 15 mL $hARIE I, RSEmKIRE P inA 3~4 7
K H KR AR TRRI, B TR 3~5 min, fiEZS, &
FRARSR, EEWMES AR 3 WE, ERAKRSE
B0 K E O AR ICETE 110 °CE1 °CHY HE IS XUE
WA, KE—ERRE, R EER . FTHKME,
BEARIRRGLUE 2 25 mL A, FDEKZ KRG
%, KUEBB AR — 25 mL 2MA, HKEEZZIE,
FE5T o HEWRIRIL 0.5 mL JEM B A 10mL i N, FWZEY
TE 40~50 °CHNAAIREE T K T4, T8J5 5% B Y K E R,
PR T, RRZET.

# 0.5 mL pH2.2 WA IR G W IR I A B T8 )5 19
A NIRGEf, IABEIR AT, WIBOA WAL L, A I
FE o TR S SRR W T BRI (i 0 2 Y4 30 R A B
AW, LAAIMpR i 2o 0 1T AR B o 0 Y P B R 1Y
222 WELEH

Ttk 2 280 B 5 A (B3 4 (4.6 mmx60.0 mm), iR
57.0 °C; LRSI 130 °C; & A(YENG I B W M
0.40 mL/min, % B(Efi =HR#R)F N 0.35 mL/min, HFHE
TN 20 pL; AR A 570 nm F1 440 nm,

3 HER5SH

3.1 HERIKRFHRMIL
3.1 AR R MR

R AR AR B A Y S AR K R RSCR, ST
AT R AR R B AT T AR . 43 AIIIA 3~7 mol/L Ak
FRUEFT KA, Jeik S ANBEIE, S5HILIE 1o ERER U X 7K A
RS W, AR ERVR FE RGN, A5 B AR B
HEWERZ B, ERRRMEETE 6 mol/L B, 2B Mk
P, MG TEE., Glu, Asp. Leu Ml Val £F 354
HEMR S REAR S L HEEERM. L0, oE T AR
B ERER K 2N 6 mol/L.
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Fig.1 Effects of hydrochloric acid concentration on hydrolysis of
total amino acids and main amino acids (n=3)
3.1.2 KA 69 AL
e KR ERRR UL IR, AR A b, 505 K i

A IA] 14~24 h /K SRRCR  FR B 2 AT, 7E 14~22 h B3], 4
SATLTR & R K A B RIS I 3G I, 4 22 h B3R .
Leu. Val, His 27 22 h /K-S e, Glu, Asp 284k
B IR B RS A — B, FIL, 220K
T LK R T

4Total ¢ Glu & Asp ¥ Leu & Val & His

3.5

ErE/(g/100 g)

A /h

P12 KA TR0 2 R R el ik R 2 S B i Y52 I (n=3)
Fig.2 Effects of hydrolysis time on contents of total amino acids
and main amino acids (n=3)

32 @itE

R Hhe O B B 1, B VR o0 i T A ] 3, 16
PP SRR e LT AT RS TR sy . Hovb, il
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Fig.3 Separation chromatogram of standard sample
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Fig.4 Separation chromatogram of morel sample

33 FHEEWIE
33.1 HAEBAK. ARRREEIR

T b VEE TR B VA TR A O e R R A O X R, (L
FEIRUE AT 10, 20, 50, 100, 150 nmol/mL, 435Ik
B, DA R0 0 T BN AR AR | B2 SR TR EE SR R B A R A b
bR ER (LR 1) IR 1 TLAR H, 16 Fha LRy
R RAFIRIEL R, M RE R 1E 0.9988~0.9999 2 [F,
FHH 4 [ Bhad B R A3 AT {303 Iy e v R e B 2 I e G

HERE AR IR A bR HE VR AR A A B (limit of

(m%mm um%ﬁm@%u&%lmMML%@n%@
W, ARATHE S (S0 3 IR L, BERFRFEIEN 0.2 g,
FERWBUN 25 mL, 1330452 BEm R 1 BR, 3 A4 FRAE
g 5 B BR (limit of quantitation, LOQ), %1 T3 1 .
332 AEE A AT K K

R RIE R EE R S 53 BT (SO R 2 T RE S RS
X 6] — 2 RE B B AT E S W, T A A o A 22
(relative standard deviation, RSD), 2 ER BN, HXR
WEMRZE N 2.71%~5.93%, 71k B B ks % .
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333 IAREIR LR

SR FHBR AL HEA bR s s 8 . HERRARI 0.1 ¢
FIEERE S, A —E REAERIEA R, R
BYSEI B A IE 6 A AR AR EICR ., kR
3 FTAL 16 Fha FERR bR B A 88.2%~105.2%, HHXT
FRUED 224 3.95%~11.67%, 2532 HA Bl i vEnf .
3.4 SEPREEmEN

TR AR S AR e AR L BOE T, R 4 ST
FESL T 16 AR &l B3R 3 W, =t
FIEEH 16 FHE LRS54 2.937~3.901 g/100 g, “F3%
1O 3.298 g/100 go 6 MHiLPH [A] Z MR B 5 15 18 A G Ao v i
2274 9.66%, R MR S &2 A, H
o, ZEEMETES 6 FABRATE R 16 FNARLTT 2

iR, WEFERR 5 B E SRR B 35.8%~38.0%,

KBt —4 BoR, 16 16 FHE LR P A IR AR A
AT REERN 2 Fh, HEEIERR O 21.8%~24.4%;
T3 2 PP G R 1 2 e R S SR rh I R IE 2R, 3 PT RE
ST I AT T fif 9% ) B R 2 — L) AR s 4 i
B R AR AR T B 5 0.775 g/100 g(RBE IS
0.775%), B FE I E KA FH SR 88.64%, # AT
FEA ) 2 B R R IR T S Y R 6.82%. FEEL I
AR TE R U)K S L R AR DA T I T A A T XS
AL AT DL R T BB R & A0 0.58% . 0.81% .
0.35%.0.70%, Z5RFHFERFPELFEALR SRR T
ARFTE RPN L R LA R T B TR A s R (0 B A
CRORes o

R1 RERBRNEMEEXRY. RERMESR

Table 1 Linear correlation coefficients, detection limits and quantitative limits of standard solution
RAHERANA BN Epps AR LOD(mg/100 g) LOQ(mg/100 g)
KA Asp =-3.79x10*X+1.50x10* 0.9996 1.5 45
TN R Thr Y=-4.96x10*X+1.91x10* 0.9991 1.5 45
225 Ser Y=4.67x10°X-5.04x10* 0.9993 1.5 4.5
AR Glu Y=4.60x10*X-7.52x10* 0.9994 2.0 6.0
HHEmR Gly Y=—4.64x10*X+8.51x10* 0.9991 1.0 3.0
MNHR Ala =-2.89x10*X+9.20x10° 0.9997 1.0 3.0
Hi R Val =-3.25x10*X-3.22x10* 0.9993 1.5 45
HEHR Met =-5.01x10*X+1.00x10* 0.9999 2.0 6.0
SSC R e Y=-3.34x10*X+4.33x10° 0.9990 1.5 45
SE%{% Leu Y=-4.60x10*X+6.82x10* 0.9991 1.5 4.5
%2R Tyr Y=7.11x10*Xx+3.87x10* 0.9990 2.0 6.0
HINE IR Phe =—5.39x10*X~1.17x10° 0.9992 2.0 6.0
2H %R His =-5.45x10*X+9.21x10* 0.9995 2.0 6.0
SR Lys Y=—4.61x10*X+4.82x10* 0.9990 2.0 6.0
R Arg Y=—8.45x10*X-1.35x10° 0.9988 2.0 6.0
%2 Pro Y=-8.30x10°X+9.60x10° 0.9997 2.5 7.5
F2 16 MEEBNBENIRERE@0=5)
Table 2 Relative standard deviation of 16 amino acids (#=5)
AR Asp  Thr Ser Glu Gly Ala Val Met Ile Leu Tyr Phe His Lys Arg Pro
HXTPRMEMmZE/% 579 513 435 412 354 321 455 271 336 421 389 3.54 428 593 533 351
3 16 FEEBL7EFTEE = B B AE @ P Y AR [ UL (n=6)
Table 3 Standard recoveries of 16 kinds of amino acids in fresh morchella samples (n=6)

BN Asp Thr  Ser Glu Gly Ala Val Met Ile Leu Tyr Phe His Lys Arg Pro

T ISR % 935 91.6 94.0 1052 90.6 89.5 90.8 924 953 882 100.1 1022 1039 91.1 924 937

AP PRIER2E/% 493 640 672 3.95 458 442 649 6.13 7.90 473 899 7.5 11.67 491 733 9.66
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Table 4 Average contents of sixteen amino acids in morels (g/100 g)
HIER R 71 B8 il BR K prokiid £l P {E
KA Asp* 0.317£0.002  0.363£0.036  0.358+0.006  0.408+0.028  0.387+0.024  0.339£0.026  0.362
F %82 Thr 0.188+0.017  0.194£0.001  0.238+0.010  0.201£0.024  0.204+0.011  0.183%0.013 0.201
245 Ser 0.163+0.003  0.173£0.012  0.213+0.020  0.192+0.020  0.186+0.012  0.168+0.001 0.183
A Gl 0.386+0.001  0.401£0.038  0.491+0.019  0.438+0.050  0.391+0.023  0.372%0.015 0.413
H& & Gly 0.136+0.005  0.150£0.010  0.186+0.028  0.164+0.040  0.161+0.012  0.137+0.005 0.156
AR Ala 0.177£0.003  0.203£0.013  0.250+0.069  0.213£0.038  0.201£0.022  0.173£0.009  0.203
AR Val’ 0.159£0.002  0.166£0.021  0.224+0.084  0.184+0.020  0.184+0.021  0.166£0.009  0.181
R Met 0.111+0.009  0.114£0.029  0.146+0.028  0.086+0.017  0.117+0.013  0.085+0.018  0.110
SILE IR e’ 0.264+0.043  0.247+0.005  0.300+£0.017  0.290£0.054  0.237+0.009  0.223+0.001 0.260
MR Leu 0.200£0.015  0.211£0.021  0.274+0.015  0.252+0.016  0.219£0.012  0.200£0.017  0.226
fi 2R Tyr 0.115+0.013  0.104+0.029  0.165+0.007  0.126£0.042  0.13+0.021 0.115+0.012 0.126
KT Phe’ 0.147+0.021  0.150£0.002  0.174+0.012  0.163£0.016  0.148+0.008  0.134%0.013 0.153
5 His 0.109£0.013  0.113£0.026  0.170+£0.013  0.131£0.014  0.128£0.021  0.1130.005 0.127
AR Lys 0.167+0.006  0.193+0.004  0.228+0.007  0.197+0.002  0.198£0.005  0.171£0.010  0.192
KA R Arg 0.203+0.051  0.264£0.003  0.308+0.007  0.252+0.015  0.27+0.023  0.219+0.025 0.253
Jii 5482 Pro 0.124£0.007  0.155£0.006  0.177+0.015  0.165+£0.019  0.163£0.011  0.137£0.008  0.154
SAEE(T) 2.964+0.050  3.202+0.147  3.901+0.240  3.461£0.278  3.323+0.189  2.937+0.011 3.298
WINE SR V-3 7 7 (E) 1.13 1.16 1.44 1.29 1.19 1.08 1.21
SEEAURERR T4 3 B (N) 0.703 0.764 0.849 0.846 0.778 0.711 0.775
E/T /% 38.0 36.3 36.9 37.2 35.8 36.7 36.8
N/T /% 23.7 23.9 21.8 24.4 23.4 242 23.5
TE: #R SR IR * R A LR

4

PH T N A 1 = i o P 3
BB Sh 3.298 ¢/100 g SEEEE MRS &

& i

AW T 28 A 3 4B 300 %E 2 7 28 8 2
W16 FVEIEER A 1% o IR IESC R RAF, MR 2
1 0.9988~0.9999 Z [H], £ 5HE L ME RSD 7E 6% LI, H
HEIELS . SR ATREMRES, AT RO E I T 16 Fh
AR
MEERER, aBEEREPEAREREEES,

R RN E. Hh, 16

21.8%~24.4%, SEWBH R ER G &
SE B
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