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Nutritional evaluation of different amino acids and difference
analysis of equivalent umami concentration in Morchella spp.

XIE Li-yuan,LAN Xiu-hua, TANG Jie , PENG Wei-hong, GAN Bing-cheng *

Institute of Soil and Fertilizer ,Sichuan Academy of Agricultural Sciences ,Chengdu 610066 ,China

Abstract : The content of amino acid and 5’-nucleotide of Morchella was determined respectively by amino acid automatic ana-
lyzer and high performance liquid chromatography, and the difference was explored by evaluating the essential amino acid
fraction (EAA) ,amino acid ratio( RAA) ,amino acid ratio coefficient( RC) ,ratio coefficient score( SRC) and equivalent uma-
mi concentration ( EUC). The results showed that essential amino acids were abundant in variety , the proportion of fresh sweet
amino acids was large,and the taste was well. The RAA and RC showed that threonine, proline and phenylalanine + tyrosine
were relatively surplus,and tryptophan was the first limited amino acid of Morchella. Through EUC, these samples could be

divided into 2 categories,one of which was the third level with low umami taste,and the other was the second level with obvi-

ous umami taste. The results provided a theoretical basis for the application and development.
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Table 1 Morchella evaluated in this study
% No Sl Al Strain
1 M, IPEREE 15
2 M, (IEfER 3 5)
3 M, IR 4 5)
4 Ms (JIFEREE 5 5)
5 Mg IR 6 5)
6 M, (ISR 7 5)
7 Mg (JIFEREEE 8 5)
8 My (JIZERLE 9 5)
9 Mo (T 10 5)

1.2 FENHFE5RF

Fw-80 s i AL (b s i 72 Hie ik R A BR A
A]) ; DZF-6020 EH.25 T HR4E (LIRS 22 St g i 2 A FR
3] s a7k 3 B (Millipore 23] ) 3 1.-8900 S JE 1R
H 8h 1% ( H A< Hitachi A #]) ; ALC-Z10. 3 HLFK
(b B 2 A W KA BRA R ) ; UVIS00 43t
JETFCH AR B A]) s LC-20 w0l %A ( H A
SN ED) IR A A IR bR 5, O R AR (95
Sigma AH] ) 5 ZNE B R G5 46 (B s A YR
ABRATE]) Bl = ERER S A AL A IR (B
etk T) .
1.3 SEBUE

FRELT g B, IAK g 48 v, A 100 mL 6
mol/L FyERHR , B )5, T 100 °C /K 24 h, KI5
F i 2 S T AT L-8900 2 LR [ 8l 4 M {HE AT
BT

DR 25 < 43 54 (4. 6 mm x 60. 0 mm) K Ky
55 °C, J v # B2 o 130 °C, Pk 6V I 382 0. 40
mL/min, = i 3% & & 0. 35 mL/min, k£ N 20
plo

ARG : 5% GB/T 15400-1994( ikt
SRR I E T R .

FREURERD 0.1 mg, # F 50 mL K&+, %18
A 25 mL SAALEI W, BT 40°C KA 16 ~ 18
h, B KA, B340 4 000 rpm 543 B0 15 min, B
2 mL B{EWRCE R ZEE T, A S mL Z & BLoR
PSR, 485, AR WRAVE 25 11, = RIS 30
min, FEATA 0. 2 mL SVl B2 5 ¥ W, 48 WL 25
min, 7£ 590 nm 58 FE i WOV RE (A .

1.4 EFRTENFE

FRAE 1973 45 5 DA 4V Bk & EAR R 41 4L
(WHO/FAO) 1T ity BEAR A 11 o A4 0 o5 S B R A
23, AR PR TR
1.4.1 % R K 8 (essential amino acid, AA) & %
R s RE S H

EAA = FE il 0 75 Z LR 7 5/ FE i BV R &
7 x 100%

1.4.2 B 44 (ratio of amino acid,RAA) "’

RAA = Tl 252 11 EAA {8/ B0 h 2 i
FIAHNE EAA fRIRE G rp AT d SR Y & & 5
WHO/FAO #E G5 rpoAH W 2 0 & s iy i, T
JIe TR R i 2 N2 3 i) P A 2 AP 248 TN R e 72 i
TG, PRIHGRE A N 28 T A I A TR, 2 2 R AN e 2 e 43l
AR
1.4.3 # KB /E 2 3 (ratio coefficient of amino
acid ,RC) "

RC = RAA/RAA EH{E ,RC KT 1 FHHiZF O
T SRR AN 7], RC A5 1 W] A A o i) 5
K%L RC /N T 1 R BIZ P 75 2 5L W A X AN
A, RC H5e/INE R o — BIR i) S TR
1.4.4 b4 % £ 45 (score of ratio coefficient of ami-
no acid,SRC) "

SRC =100-CV x 100, H:H# CV 2 RC 27 &
%, X4 SRC =100 B, R Z & HE b 7 2 3 1R
(Y ZH B L] S5 80— 2, SRC % 100, R
FHB RS FR M R , SRC /N, )8 FR AN (BRI
1.5 5'-ZE BN

BRI T o 1 og, A 25 mL ZE 10K, ¥
Imin, BH E 25T 12 000 rpm #5015 min, B
W R AR R ik AR ST B,
%250 mL, B ETEWRGT 0,22 pum fEALUERE, =41
WOAR TS AGIATRR I (03 45 - C g4 (250 mm
x4.6 mm,5 pwm) , sl KH,PO, 22 i ,259 nm
SHMARRIN A 30 °C 5 HEFERE 10 L,

Hﬂ
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1.6 ZH#REEITHE

S e A ( equivalent umami concentration
EUC) H HIRRAE B O S R AR 2, $8 75 100 ¢ T
HIEYIH , LIS ER4H (monosodium glutamate , MSG ) )
BRSO R YT B AR

Y =Xab, +1218( Xab,) ( Xab;)

XY & EUC fi, #4372 g MSG/100 g;a,
L IR (K AE R ASP A &R Glu) B i 4y
% , a; FEEAZETTR S -WIHBR] (5'-IMP) \5'-5
TR (5'-GMP) \5'- B 1R (5'-XMP) \5'-JR ¥R (5'-
AMP) ] i ot 73 %% , b, Oy 5 i S IE TR AH X MSG
AEERFE FE(E (Glu = 1, Asp =0. 077) 5 b, A R IRA%
HERARXS 5"- B HRRAME (5"-IMP = 1 ,5"-GMP =2. 3 |
5'-XMP =0.61.5'-AMP =0.18) ,1218 th[EI1ER &
AL AN ¢/100 g) o
1.7 ¥iEAE

% IBM SPSS Statistics 22. 0 #4758 53#7 -

2 HRE5SW
2.1 AREFHESRMESEERZERSN

KA EE IR A S o BSOS i R AT e , 9
AT TR AP IR RR A S AN 2 s,
T%Tﬁ%ﬁ*ﬂ] A 18 Fha BLPR , Wb 75 A LR 5 4, (AR

W A Wt 22 S YL 7E 17,23 ~26. 16% 2
IEJ B B My M, M Mg Mg Mg M, M, M,
AN ] it ) 0 5 2 BE R 7 /s BRI L
amino acid/total amino acids, E/T) {H 55

TR/ARD T AR 5

essential amino acid, E/N) {8 22 ¥ &~ K, 4 5 #8
35.47%-37. 53% FN 54. 94% ~ 60. 09% ., IR #g
FAO/WHO ¢ H iy BRAH A A =X, o i 4 1 4 1
JF i B/T 9 40% 7247, E/N 76 60% L) " i
2 AR, S LB AE A SRR B B E/T A1 E/N
PR,

(‘essential

BHEMR

= (essential amino acid/non-

K2 TRFHERMEIERABRSE(%)

Table 2 The composition and content of different samples( % )

IR Ah b Strain

Amino acid M, M, M, M M, M, Mg M, My,
FITLER Asp 2.18 1.84 2.21 2.21 2.39 2.85 2.76 2.85 2.67
IR Thr 1.14 1.01 1.20 1.29 1.29 1.38 1.38 1.38 1.38
22581 Ser 1.11 0.92 1.10 1.20 1.10 1.29 1.29 1.38 1.29
A5 Glu 3.64 2.48 3.13 3.31 3.96 3.68 3.59 3.77 3.59
4 Gly 1.06 1.01 1.20 1.20 1.20 1.38 1.38 1.38 1.38
HEmM Ala 1.23 1.20 1.56 1.47 1.56 1.56 1.66 1.66 1.47
B4 Cys 0.41 0.09 0.09 0.09 0.18 0.46 0.37 0.46 0.55
MR Val 1.49 1.10 1.29 1.29 1.29 1.56 1.56 1.56 1.47
SR Met 0.50 0.28 0.37 0.37 0.37 0.64 0.46 0.46 0.46
RS e 0.80 0.92 1.10 1.10 1.10 1.29 1.29 1.29 1.20
255 Leu 1.37 1.38 1.66 1.66 1.75 1.93 2.02 2.02 1.93
WS Tyr 0.59 0.46 0.55 0.46 0.55 0.92 0.74 0.83 0.74
SN Phe 0.86 0.83 0.92 1.01 1.01 1.29 1.20 1.20 1.10
R His 0.55 0.92 1.10 1.10 0.92 1.29 1.10 1.10 1.20
W Lys 1.32 0.92 1.20 1.20 1.66 1.38 1.38 1.56 1.38
K5 Arg 1.88 0.92 1.20 1.47 2.30 1.47 1.47 1.84 2.30
4 Pro 0.95 0.92 1.10 1.10 1.01 1.20 1.20 1.38 1.20
a5/ Tip 0.003 0.028 0.037 0.046 0.046 0.018 0.037 0.037 0.074
T 21.08 17.23 21.01 21.57 23.69 25.59 24.88 26.16 25.37

E 7.48 6.47 7.76 7.96 8.51 9.49 9.33 9.51 9.00

N 13.60 10.76 13.25 13.62 15.18 16. 10 15.55 16.65 16.38
E/T(%) 35.50 37.53 36.96 36.89 35.92 37.10 37.50 36.36 35.47
E/N(%) 55.02 60. 09 58.61 58.45 56.06 58.97 60. 00 57.13 54.94
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2.2 FEFHESMEKEEEBREROH

ANV TR T £ T AR RGE 2L [ A
AR FH MU AR . Glu Fl Asp J2 8F R 22 KL% P A
P SR , L2 R R 5 it R R 1 i S5 el
FREEN i 3 AIAL, Glu ZE2E IR b & B g,
R Asp, A] WAERE TR BER SR & i E W, i
BIITE 20% LA L, PG SE o [A]A, Glu 1 Asp i H
A HNE, E 2 HE SRR R By, TR 4
P st LB R B G AR 55 , VRS I A 2
I AR EIEH . GRS R {255 Ser (Gly (Ala,
Pro S5 PURN S LR , 2 A1 o ] % 6 L0 491 25 SR

K ,20.64% ~23.65% , 75 WK LIRS T A I
Pz 2H 1% , £44% His, Val ,Phe .Ile .Leu Met  Arg, jifi F[a]
B IS S 35.34% ~38.08% . W13k 3 kW]
W, R BRI N S R R > R
FHER > TR LR , HL A FH R 2 B R 10 S i
PREERR I LL R 1.20 ~1.35 £%, mtml WL, A
(7] = P T o e ) i IR 2 R R i WA 2 B IR AR T Ik 2
FEIR O 1t LU 26 AN TR, IRUA 22 51 AN WD i 5 ] it
B, EH R 2 MR & LK, Glu, Asp , Arg \Gly  Phe |
Tyr Met Leu Lys S22 PR & i 6, UL F T8
A CUBFREDRE , BA BRI R HrE.

R3 ENREERSEREMLG

Table 3 The content and ratio of flavor amino acids

Joit 535K di bt e
o Mass percentage( % ) Content percentage (% ) Proportion
]
Strai IR /i
83 Aa ATk Aa 0k Aa B3 Aa ATk Aa gk aa SRR
. . . . Fresh sweet
Umami Aa sweet Aa Bitter Aa Umami Aa Sweet Aa Bitter Aa .
Aa /Bitter Aa
M, 5.82 4.35 7.45 27.61 20. 64 35.34 1.37
M, 4.32 4.05 6.35 25.10 23.49 36.84 1.32
M, 5.34 4.97 7.64 25.40 23.65 36.34 1.35
M 5.52 4.97 8.00 25.59 23.03 37.11 1.31
M, 6.35 4.88 8.74 26.80 20.58 36.89 1.28
M, 6.53 5.43 9.48 25.53 21.21 37.03 1.26
Mg 6.35 5.52 9.11 25.51 22.19 36.61 1.30
M, 6.62 5.80 9.48 25.32 22.16 36.22 1.31
M, 6.26 5.34 9.66 24.66 21.03 38.08 1.20
2.3 AREFHEMMSLESERE LR EFRTMN A

FIETR WA R BOL R AR E I 0 F 7
o %07 VR LUR LR T A B N LR, FEM B AR
JRR L FE R IR b )2 A 2 3 845 & WHO/FAO
) 2 S PR AR SR, H Loz, BAR L i 7
B o A 9 AN B S RO IR EAA
{65 WHO/FAO Bix03E b AH N 2 L R 1 EAA {H ik
TS, S L3 4. £ B RE AL The, Val LK
Phe + Tyr % EAA B E T WHO/FAO 1‘;*-thiﬂ‘§,Trp
PURT B, BRib 2z Ah , HoAh 2 SR A AR AN ] b
AR, M, M, My Mg M, Mg M, M, Ile
Fl Leu EAA E 5 FALGE M, M, (M, Fll M, 1 Met
+ Cys EAA {H 5 TGS M, (M, M; M6 M, F1 M,
() Lys ol AL . p b vl B = i o JE R
KNG NERTG KA — 20, TFEL T, A Reie &

4 EAA & & X )it % RAA (RC il SRC,
ATLAXT YR E S AT B P . RS
RC {E R AT, 7 [R) i b 3k 300 FAS 2 7 220 56 1 S IS AR
[F], fH S>3, Thr  Val & Phe + Tyr 7E3£ G Hh 3%
AEXT ), 107 Trp SR BAAXEAN 2 |, 22 A 1 5
— PR 2R , X 5 K 2B o0 R W — e ny i 1k
EYHRED Trp AH—5"

SRC J& 5| A& L 15 # it 45 A FAO/WHO
VML R F BP9 A F TR S Fh
1) SRC {8 = 2K 43 51 o My, (66. 08) . M,
(63.58) M, (62.49) M, (61.52) M, (60.03) M,
(59.48) M, (59.18) M, (57.77) .M, (57.33) , {0
ZEMAK,IITE 60% 2247 o 1 L Uk B A 7] 26 JH 71
] 5 FENE2ZE 0K
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Table 4 The EAA values of essential amino acids of different samples

S HiR Amino acid( % )

fh Rl Strain

Tle Leu Thr Val Met + Cys Phe + Tyr Lys Trp
WHO/FAO 4 7 4 5 3.5 6 5.5 1

M, 3.80 6.50 5.41 7.07 4.32 6.88 6.26 0.01
M, 5.34 8.01 5.87 6.41 2.14 7.48 5.34 0.16
M, 5.25 7.88 5.69 6.13 2.19 7.01 5.69 0.18
M; 5.12 7.68 5.97 5.97 2.13 6.82 5.54 0.21
My 4.66 7.38 5.44 5.44 2.33 6.60 6.99 0.19
M, 5.03 7.55 5.39 6.11 4.31 8.63 5.39 0.07
My 5.18 8.14 5.55 6.29 3.33 7.77 5.55 0.15
M, 4.92 7.74 5.28 5.98 3.52 7.74 5.98 0.14
Mo 4.71 7.62 5.44 5.80 3.99 7.25 5.44 0.29

F5 AEFEMRERMALESERMN RAARC 1 SRC H
Table 5 Values of RAA,RC,and SRC of essential amino acids of different samples

SR S HR Amino acid “he

Strain Ile Leu Thr Val Met + Cys  Phe + Tyr Lys Trp

Ml RAA 0.95 0.93 1.35 1.41 1.23 1.15 1.14 0.01 57.77
RC 0.93 0.91 1.32 1.38 1.20 112 1.11 0.01

M3 RAA 1.33 1.14 1.47 1.28 0.61 1.25 0.97 0.16 57.33
RC 1.30 1,11 1.43 1.25 0.59 1.21 0.95 0.16

M4 RAA 1.31 1.13 1.42 1.23 0.63 1.17 1.04 0.18 59.18
RC 1.30 1.11 1.41 1.21 0.62 1.15 1.02 0.17

M5 RAA 1.28 1.10 1.49 1.19 0.6l 1.14 1.0l 0.21 59.48
RC 1.27 1.09 1.49 1.19 0.61 1.13 1.00 0.21

M6 RAA 1.17 1.05 1.36 1.09 0.67 1.10 1.27 0.19 61.52
RC 1.18 1.07 1.38 1.10 0.67 1.11 1.29 0.20

M7 RAA 1.26 1.08 1.35 1.22 1.23 1.44 0.98 0.07 60.03
RC 1.17 1.00 1.25 1.13 1.14 1.33 0.91 0.07

M8 RAA 1.29 1.16 1.39 1.26 0.95 1.29 1.01 0.15 62.49
RC 1.22 1.09 1.30 1.18 0.89 1.22 0.95 0.14

M9 RAA 1.23 1.11 1.32 1.20 1.00 1.29 1.09 0.14 63.58
RC 1.18 1.06 1.26 1.14 0.96 1.23 1.04 0.13

MI0 RAA 1.18 1.09 1.36 1.16 1.14 1.21 0.99 0.29 66.08
RC 1.12 1.03 1.29 1.10 1.08 1.15 0.94 0.28

2.4 AEFHBERMEEFRERSW FhFEAT 5" - RRAIN , 25 R 3R 6 ok, W3 6 7]

5'-EAT T e SR () AR Y T, XS R RAZ AT A SRR AR 6 R R 5'-CMP 5" -AMP |
PR LA 35 (3 AR, i B et s 5/-IMP 5'-GMP 5'-UMP £ 5'-XMP, & 2 ( total
H AP EE R A —E I EEE R . XEAF AR S nucleotide, TNT) 5 il 5 B 45 K, M\ 294. 479 ~ 1230.
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47 pe/g, HAFEREE AR IS B 5'-CMP Al 5/-IMP &
B, 5'-GMP 5'-UMP #1 5'-AMP & k2, 5'-

xO6 FHEFRMEFS ZERNSE(pe/s)
Table 6 The content of 5'-nucleotides in the fruiting body of Morchella ( (g/g)

XMP & & HAR A, BERAZ 2 (umami nucleo-
tide, UNT) 30 My FI M, &5 F ARSI A

rﬁﬁ'ﬁ AR Nucleotide UNT INT

Strain 5'-CMP 5'-UMP 5'-GMP 5'-IMP 5'-XMP 5'-AMP
M, 291.01 +7.31¢  59.73 £5.95"  21.83 +1.13° 150.47 +4.75° 0.58 +0.04*¢ 26,68 +8.52" 199.56 £13.23 550.31 +7.27
M, 150.84 +13.00°0 19.29 +2.20"  17.74 £6.34°  91.60 £1.90°  0.49 +0.40°"  14.51 +4.71> 124.34 +9.38 294.48 +8.18
M, 401.59 £18.64° 42.91 £5.49"  41.92+2.26" 376.10 £5.56" 1.18 £0.30a" 56.75 £2.81° 475.96+11.37  920.45 £13.09
M; 195.38 £3.85  34.82+7.25°d 15.53 £0.78° 156.28 £4.77° 0.17 £0.10"  26.90 £8.53>  198.88 =6.71 429.08 +4.58
M, 259.19 £8.89Y  26.25 £3.54¢!  16.16 £0.41° 123.69 +3.41¢  0.54 £0.02°  21.26 +1.00° 161.66 £1.36 447.11 +£6.16
M, 513.67 £39.19" 134.29 £17.07° 42.56 +4.05* 137.08 £11.90°Y 1.20+0.05® 10.94 +4.23> 191.77 +4.81  839.73 £21.09
Mg 294.02 £19.30% 30.69 +1.14°0 17.53 £0.510° 215.69 +12.60" 0.94 +0.00™  19.55 £2.57" 253.71£3.53 578.42 6.61
M, 767.05 £16.79°  48.19 +1.53" 33.5420.06" 354.64 +14.65* 1.61 £0.28"  25.44 £8.73" 415.23£7.48  1230.47 +25.35
Mo 248.66 £9.71% 3522 +5.61°1  17.34£0.93° 212.57 +10.64> 0.08+0.01¢  13.69 +3.80" 243.68 £5.56  527.57+24.71

WX =PI + bRk 22, AR FEE 5% W25,
Note ;X = Mean + Standard Error, Different letters:5% significant difference.

2.5 EHREUHEERIN

B Cgf1iag)

&1
Fig. 1

M3
FaFR Strain

M6

MY

FEIFREHFREERE
EUC of different samples

MS

MO MIO

TR R, B R A AN FRIE (1 R 32 2R IR T
5" FZ AT IR M S 0 G R | ARAE £ T VAT B A 174 S5 i ik
JEME (EUC) J2& e 2R W) Bt 54 , JH LA UL
MrEwm R EEN, 9 A E S A EUC H
BI1 R, B AT, AN BE S R Y EUC {E
k1 45.83 ~216.51 g MSG/100 g, Hirt M, M, M, .
M, ¥ EUC /N T 100 g MSG/100 g, M, . M, M,
M, M, [ EUC {i KT 100 g MSG/100 g, M, 5 &%
Ho Mau 257 5 EUC 8814 b DU A K- 55— oK
- EUC > 1 000 ¢ MSG/100 ¢ 5, 45 — /K F K
100 < EUC <1 000 g MSG/100 g |-, 5 = /KK
10 <EUC <100 g MSG/100 g T , 45 PU/K -2k EUC

<10 g MSG/100 g 18, f EUC {EA] %1, A [F] 3 fi:
A 73 T B — KRS =K M, (M M M &b
T =K BRI, M, M, (Mg (M (M, b T3
TARF BRI
3 itig

Bt £ FH B Ml S T 2, oF T 7 i R o o
Z I i B A e T 5, AT & HE R CHET i
CECER ) TR A DR MO £ HH R B A R XU
TPV BA B2 S, B TR B SR AR 1Y 22 57 2
B fit T3 4 2 S 30 G, T 2 SR TR RN A R X
JHE TR SRR ) USRS 3 o2 Tk

GAHERSE NAKHEAT B R AR 9 B 22 T, AN
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BA KM IR, R F LA 2 WY, &
i R A 4536 o VR . I H H & 248
YOG, B S TR Rl O A (EAS W] S ] (%) 8 57 A
JRUA 22 S R AN B, 33 A1) T 3 JHE TR o b ) A S50
o W9 B, AN 2 TR S R s SR A e 50 4, &%
HEE SR 15% DL b BERT IR 2 LR % i L
AR, R 20% DL o R AS ) 3 Jr 1R b o ) fif
AT v DR 2 BRI &5 £ 22 0 AN K, m] DA [ i o ]
JRUA 22 51 A B

12 1 5T ) o B PE A v, 06 S R 110 2H L
G eyl R ety WONIOR | o ER U (L T
WHO/FAO ZHERRAR A2 T A [a] 5t A8 TR PR 1Y
HERRUE, 82 T & 2R WS E TR 4
Bt o BIFTEF I, S [ b R AR L AR R S R T
AR + TR A A A b S ARG 2o 3 €5 2 R 3
RIS AL, 23 T 1 55— PR ) 2 L TR, 3 el
IR ] e R i 2 Wi A b oA P 2 1 B 1 R AR %2,
BCH A Y 0 75 R R TE AR Y BB 78 43 A1 HT TR
B R A AR AL XS WHO/FAO Z AR 15
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