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Abstract: The free amino acids in morels were detected by automatic analyzer and the taste activity value
(TAV) was calculated to analyze the free amino acid taste composition differences and taste characteristics
in artificial cultivation and wild morels at different growth stages. The results indicated that the highest
content of amino acids in the morels was glutamate, and there was no significant difference in free amino
acids of morels from different habitats. Compared with the wild morels, artificial cultivation morels lacked
taste composition (aspartic acid) and increased bitter amino acid (lysine). Moreover, the TAV of umami
amino acids was less than that of wild morels. Glutamic acid, alanine, and histidine had the highest TAV in
umami, sweet and bitter amino acids, respectively. The content of free amino acids increased with the
growth stage and were 7.31, 12.16 and 18.88 mg/g in the early stage, metaphase stage and late stage of
growth, respectively. There were 4, 5 and 6 kinds of amino acids in each stage which had taste contribution,
respectively. Bitter amino acids (valine and lysine) showed enhancing taste contribution from the
metaphase state of growth. In addition, the TAV of free amino acids increased with growth stages.
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Fig. 1 Pictures of morels at different growth stages
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Table I Amino acids regression equations and coefficients
R Byt R? FHER LM R?

Asp y=293.41x+500.57 0.9991 Ile y=291.63x+379.22 0.9995
Thr y=245.64x+98.431 0.9999 Leu y=448.78x+492.59 0.9994
Ser y=343.36x+181.16 0.9995 Tyr y=326.86x-595.78 0.9997
Glu y=522.18x-311.25 0.9998 Phe y=464.12x+379.38 0.9995
Gly y=219.06x—-67.142 1.0000 His y=308.33x+1438.6 0.9992
Ala y=309.59x—84.889 0.9995 Lys y=341.93x+1698.7 0.9993
Cys y=57.696x—-885.23 0.9991 Arg y=377.63x+328.24 0.9994
Val y=400.94x+1633.4 0.9992 Pro y=43.037x—-12.132 0.9997
Met y=339.81x+472.91 0.9994

& 1T, BFEREMEEXLRRY, RPIHK
T 0.9990. Ji4b, BREHZRTE 440 nm 10, HAlh
16 P FEFRIITE 570 nm Hi K,
22 ARFEHMEREREEERSE

HMIBE SR . GRS BREE B A TR

WR A3 EL A S T Sy AR T 7 i = T v e 5
IR S i, W 5 DR SRAE AT
R IERR AT b, SR 2.

IR 2 AT DL, AN [R] ™ il [0] = i R 1 R 2 S R 1)
FEZERARE(P>0.05), (HEHERR & AR,
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Table 2 Free amino acids components and comparison of morels from different habitats (mg/g)

g Hhr K ik AT B
KITAHR (Asp) 0.41+0.27 0.39+0.19 0.24+0.11 0.35+0.21 0.38+0.19
HAE (Glu) 4.06+1.55 1.85+1.42 1.63+1.15 2.07+2.03 3.57+3.16
AR (Thr) * 1.44£0.82 1.08+0.75 1.17+0.62 1.72£1.17 2.12+1.62
22578 ( Ser) 0.77+0.14 0.47+0.24 0.80+0.52 0.76+0.65 1.27+1.20
H&Em (Gly) 0.51+0.16 0.21+0.05 0.28+0.13 0.30+0.18 0.43+0.36
AR (Ala) 2.82+0.74 1.56+0.65 1.76+0.58 1.76+0.96 2.28+0.89
Jii&m (Pro) 0.52+0.23 0.19+0.15 0.35+0.20 0.38+0.32 0.43+0.35
2R (Val) * 0.74+0.26 0.37+0.06 0.53+0.10 0.48+0.30 0.61+0.38
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iR (Met) * 0.04+0.02 0.02+0.01 0.05+0.03 0.03+0.02 0.10+0.02
SIEAR (Tle) * 0.56+0.21 0.19+0.05 0.31+0.04 0.35+0.32 0.46+0.42
TEE R (Leu) * 0.47+0.21 0.18+0.07 0.29+0.13 0.26+0.21 0.32+0.30
KN (Phe) * 0.2240.09 0.12+0.08 0.13+0.04 0.12+0.10 0.15+0.13
14 (His) 1.51+0.67 0.58+0.16 0.64+0.29 0.72+0.88 0.88+1.01
AR (Lys) * 0.74+0.34 0.41+0.16 0.45+0.32 0.38+0.27 0.57+0.50
HAMR (Arg) 3.19£1.53 2.13+1.85 1.18+0.88 1.39+1.96 1.6842.39
L% (Cys) 0.08+0.05 0.08+0.03 0.05+0.03 0.08+0.04 0.08+0.05
W& &R ( Tyr) 0.39+0.12 0.15+0.13 0.23+0.13 0.20+0.21 0.22+0.23
W R B (TFAA) 18.48+7.16 9.97+5.08 10.09+4.38 11.18+9.22 14.20+12.98
DT EIEERR (EAA) 421%1.92 2.37+1.03 2.93+0.98 3.2642.20 4.15+3.21
T AER (NEAA) 14.26+5.24 7.60+£4.12 7.16£3.52 7.92+7.02 10.04+9.77
Rf IR S LR B 4.47+1.82 2.23£1.60 1.87£1.10 2.4242.18 2.99+3.01
B R A LR 6.07+1.94 3.50+1.64 4.37+1.83 4.84+3.09 6.32+4.75
TR R R 7.47+3.29 4.01+2.27 3.57+1.52 3.65+3.91 4.59+5.01
e TR
TFAA 5 9.97~18.48 mg/g. K H &M By A1 H ) T3 %6 b R M A N AR S v S R ) A A

A JH B A P A SR R e H At by A X A R, 7 o
FOAERT A o SR | IR A R S LR 7 Y IR 43
WA 1.87~4.47. 3.50~6.32 Fl1 3.57~7.47 mg/g, %
M2 . PR IRFIORS 2R 53 ) A S | AR R i R 2
v o A e W SRR . ARG SR e BT g i, R IR]

RAB S 7] B 5 AN RN AR R IS 7 MR A 6
23 AIEHAFHEFERERSERZKITMN

ANTHE

FHEEFEMAMNEE SR OLE, |

JEAEIREE P ROANIA], X 2 T S AR R i TR A B AT
. SR AR M T A AR 22 5, AT

P L H E R S i 2L R A R EY, Eak bR o 3 B B SRR A T AT Lh A, AR 3,
3 AT 5BpA I B e s 2O I o & 5 WRE SR
Table 3 Contents and taste active values of free amino acids in 2 kinds of morels
g S R bE )/ AT Lisgas
(mg/g) it /(mg/g) TAV it /(mg/g) TAV
I RITAHIR (Asp) 1.0 0.35+0.19* 0.35 1.77+0.14° 1.77
A (Glu) 0.3 2.44+1.82 8.13 4.25+0.63 14.17
ok IR (Thr) * 2.6 1.51+0.98 0.58 1.03+0.13 0.40
2254 ( Ser) 1.5 0.82+0.63 0.55 0.72+0.09 0.48
H&# (Gly) 1.3 0.33+0.19 0.25 0.41+0.03 0.32
AR (Ala) 0.6 2.0440.89 3.40 1.73+0.18 2.88
Jifi % ( Pro) 3.0 0.33+0.23 0.11 0.48+0.10 0.16
ek HiaiR (Val) * 0.4 0.55+0.25 1.38 0.51+0.07 1.28
F iz (Met) * 0.3 0.04+0.02 0.13 0.06+0.03 0.20
SILER (1le) * 0.9 0.34+0.23 0.38 0.55+0.06 0.61
TEEM (Leu) * 1.9 0.30+0.20 0.16 0.49+0.10 0.26
RN (Phe) * 0.9 0.15+0.09" 0.17 0.34+0.07° 0.38
2044 (His) 0.2 0.86+0.68 430 0.84+0.10 420
Hi 2R (Lys) * 0.5 0.51+0.31 1.02 0.39+0.13 0.78
KRR (Arg) 0.5 1.91+1.68 3.82 1.98+0.42 3.96
PR (Cys) 0.07+0.03 0.03+0.01
fig %2 ( Tyr) 0.24+0.17 0.44+0.05
TR E R S (TFAA) 12.78+7.82 16.02+1.40
WA AR (EAA) 3.39+1.88 3.37+0.41
JENFHEIER (NEAA) 9.40+6.02 12.64+1.00
EAA/TFAA/% 26.53 21.04
EAA/NEAA/% 36.06 26.66
i R S B R L 2.80+1.97° 6.02+0.63"
TR 2 5 1R o i 5.02+2.68 4.37+0.48
TR IR i 4.66+3.26 5.15+0.70

s TR a, b FREITEIELE 0.05 KFERBE.
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TREENNBAR, JEOTEE IR S AR
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TATFERE, HPRINAER G2 P (P<0.01)
EFANTEMNE, BATEEEER 5.06 1%; #ft
M, EREIEMMICTATA, HER AR, ¥
MRS LR oK T S R R TN TR A 2 i R i
BRI R AR TE E IR & L I A
THEFENES, ZRARE HXEERRE S,
RSy FE T C S S T B TR e K
ARERETLEN T T 5 A F M E AR ZE R0
FEHEA Rt — 5%

RIETRAG SRR E T 43 e | BN 3 2%, &
AT 118 B 5 300 R 2 P AN () 22 R D 25 S R R =2 ) 1) - s
KA H FZ P E 1, B FH A R B AR
¥t TAV>1, N3 3 hals, FREET, A4 TAV
Ty, SRR TR B AR S TR e R SR

e T AT FENE, A 6.02 mg/g, XTEEEA EH
FETTIR I R N RN A AR A AR, AT
RN AIRA EHEAEH, H TAV ¥/NTFEPAE R
W H AR E SR A Bk AN AR, AT
WE 5 AERE SRS 2.04, 1.73 mg/g. Xf
VR A DTER A v R SRR, P AR RN T A
SE 4. 3P, EEERARE, BAR TAV
o BRI, AT T RN AR 2 T R G R A
TR Z LRI 6 B, (H N T2 i v s i A S
W/ T EERE IR KL ARBEWRIEH, 2k
FEEMR AR 2R . W F IR B R A, WA
P A 2 BT A R B, S AR T T g G R — S
24 FHEAAAEKMEFESERSER ALK

FEAY

RAL B 1) A8 A A 2 1 i U Ak 2 A5 1Y
U™, 258 i T s A 0 R KUK S R A 28 fl X 52
PR EAEEE L. W THENETLERELT
BT AR SR AR, LIBT3 A B
AR RIS, XS TR Y B A SRR 4
Brab R 3% 4 FIEl 2,
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Table 4 Contents of free amino acids and taste active values in the morels at different stages of maturity

(mg/g) FE/(mg/g) TAV FrE/(mg/g) TAV FE/(mg/g) TAV
ff ik KRITAHAR (Asp) 1.0 0.13+0.04* 0.13 0.40+0.07° 0.40 0.52+0.14° 0.52
A (Glu) 0.3 1.35+0.95° 4.50 2.1141.32% 7.03 3.8742.19° 12.90
Bl JhE R (Thr) * 2.6 0.71+0.42° 0.27 1.67+0.04% 0.64 2.14+1.36° 0.82
2251% ( Ser) 1.5 0.59+0.50° 0.39 0.64+0.06" 0.43 1.22+0.92° 0.81
H&mR (Gly) 1.3 0.24+0.12 0.18 0.2940.13 0.22 0.45+0.25 0.35
W (Ala) 0.6 1.45+0.82° 2.42 2.03+0.35% 3.38 2.64+1.06° 4.40
%/ (Pro) 3.0 0.24+0.14 0.08 0.27+0.25 0.09 0.49+0.25 0.16
TR AEFER (Val) * 0.4 0.33+0.14* 0.83 0.55+0.16™ 1.38 0.76+0.23" 1.90
iR (Met) * 0.3 0.02+0.01* 0.07 0.04+0.02° 0.13 0.05+0.01° 0.17
oA (lle) * 0.9 0.22+0.11° 0.24 0.26+0.19* 0.29 0.53+0.25° 0.59
EER (Leu) * 1.9 0.18+0.07" 0.09 0.28+0.17% 0.15 0.46+0.23" 0.24
AN (Phe) * 0.9 0.09+0.04" 0.10 0.13+0.07* 0.14 0.23+0.09" 0.26
M2 (His) 0.2 0.47+0.27 235 0.78+0.59 3.90 1.34+0.83 6.70
HEFR (Lys) * 0.5 0.40+0.08 0.80 0.45+0.30 0.90 0.67+0.44 1.34
AR (Arg) 0.5 0.71+0.42° 1.42 1.97+1.69% 3.94 3.06+1.78° 6.12
L% (Cys) 0.04+0.03* 0.08+0.02° 0.09+0.02°
fig 2/ ( Tyr) 0.15+0.10 0.20+0.17 0.35+0.17
T B AR MR (TFAA) 7.31+4.13" 12.16+4.51* 18.88+9.60°
T EIETR (EAA) 1.94+0.72° 3.37+0.76" 4.8442.44°
e T AER (NEAA) 5.37+3.47" 8.79+3.80™ 14.04+7.24°
EAA/TFAA/% 26.54 27.71 25.64
EAA/NEAA/% 36.13 38.34 34.47
i R G B R L 1.48+0.93° 2.52+1.35% 4.40+2.33°
AR 2 R B 3.22+1.83" 4.90+0.59% 6.94+3.57°
TR SR 2.41+1.36" 4.46+2.79" 7.10+3.71°

S5 @, b AR FTEARAE 0.05 KT8,
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Fig. 2 Changes of amino acid proportion of morels at
different growth stages
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( monosodium glutamate-like, MSG ) % #&5 EUC
HEALMEMEXHE., BRW BUC HRK/NAT5 K
>10000 mg/g. 1000~10000 mg/g. 100~1000 mg/g }%
<100 mg/g 4 K, HXT I A0 ff R 2 S R (B % 1 47
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