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Abstract: In order to improve the utilization rate and added value of Lanmaoa asiatica, the enzymatic hydrolysis conditions and
compound ratio of neutral protease, papain and flavor protease were optimized by using amino acid nitrogen as the indicator and by the
orthogonal test on the basis of single factor experiments. Then, amino acid automatic analyzer and high performance liquid chromatography
were used to analyze the tasting subtances such as free amino acids, organic acids and flavor-active nucleotides in the the hydrolysate, in
comabination with the evaluation of taste activity value (TAV) and equivalent umami concentration (EUC). The results showed that the optimal
enzymatic hydrolysis process was: material-liquid ratio, 1:20 (m/m); pH, 7.0; temperature, 50 C; time, 1.5 h; addition amounts of neutral
protease, flavor protease and papain (by weight ratio), 0.60%, 0.90% and 4.70%, respectively. Under such conditions, the amino acid nitrogen of
the enzymatic hydrolysate was 124.01 mg/100 mL, the total amount of free amino acids was 12.33 mg/g, total amount of flavor-active
nucleotides was 96.48 pg/g, total amount of organic acids was 4 511.59 pg/g, and EUC value was 2.46 g MSG/100 g. Therefore, the Lanmaoa
asiatica enzymatic hydrolysate prepared through the optimal process was delicious and nutritious, which meets people's needs. This study
provides a theoretical basis for the further processing of Lanmaoa asiatica.
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LRANTE (Lanmaoa asiatica), 3@ T4/
Bl (Boletaceae) =XM1 JE (Lanmaoa), Hr=T
ZH . BOMSE, (aRRea M, LA TR E R E
B, R Ea &N 56%. A4 17%. w5
BRI TN 33.40% WL E N 3 820 mgkg. HZ
B 7.20%, 2ETRARRTRGREER,  EoA R T AT
MES, WU ER, HiTUEEhE, HHN
Wellt, SIEREARIR, ARERAED, (HR L AT AT
WEEE, AU RECEO. Wk, PPARL) A
REAR, 2 24 b FE e BRI B AR, TR hon
2R PRI T IR0 L, SR BER B A TR
R R BB AR T7 (B EREE 22 A =2 A I B i ot o

M SR = 2 2R TURICR, SN2
WA BB BN TR & i, AR i L e
KRR B2 MRl b, B
BV HAEIRIGE, BATGGIN FEREIC. M
AR P RT3 AR E L AR, R
IEAZ IS A A A4 B AR AR 12, HEETUK
FPE AN 20.16%. 3% S DL SEmk 2R AT ORI A AL,
JE I e B AU T2, SIS RIRERROK AR
34.12%, DPPH-ERRZHK 55.91% . AHIBATEHTHE )%
I ERY T, RIS SRS
REMR . BEREIR. AV IE R0, 2
— R IR R, (B AT 2 2R T
Bl ST R AR B9 o

AU LKA AR R, DRSS A S
AN, AR EE AR, XRE SR, KRNEH
WA == 1A P AT ) B i SR RS I e, 43 Ar e ™
VIR B R . B TEIR . ARSI R TN
AR RS S =, iR NIIRE R, 8 2%
JH BRI L= 288, $ ™ i B e b Ak 2 22 8
A

1 MRERE

L1 FOR 5 A

SRR, it T RMIARKIEET R R
Lo

50 000 U/g HFHEE FIBE. 30 000 U/g AJNE FI,
TP AEY) TAEARAT]; 50 000 Ulg MR FIRE,
WM E B EM ARG IR AR . EE NS =T H
VAR, IR R R R AR AR AR
FaBE R E D EBRAF]; HPLC % EA . HPLC
ROSEHER, FEE RBUFEARFRAF; 2
HEARES . AR 8 M HLIRbREMm, RN
DR RA R R (R E=36%), g,
HERJNARNTL (FERD HIRAF]; B (4R 99.9%),
A KNS A RAF s g, JeHE
biochrom A#]; AN (RZat), TERpiL T3]
HIRAT KBy (R4l . RILBFRE S (AR
=99.9%), ByALTHA (L) HRAF.

12 FEMNBEE

SHG-0.3CK ML, = mpilERH IR 5T
/) ; EasyPlusTitrator ET18 H 2l L3237 721X . FiveEasy
Plus FE28 pH if, #HRF#I-FER 2 AR AR ; HH-6
TR Sy, S REHE AR AR s HR/T20MM &
OHL, IR AP ER ReA IR A F s TYM-30L # 5k
ML, Prr R F L R A& AR A7 RIGOL L-3000
R RGRAR B, JE ISR G R ST A w5
HT190R R VR 25 0oL, TR A Seie A A K
HIRAF; MIX-25 JERIEER, PUNETEA R
A7) ; Biochrom 30+4: H Zh & LR AL, JEE
biochrom A 7] .

1.3 K%
1.3.1 BBfRRH &

BRI TS, SR AR O AL
20 min, FERWREL 1:220 Gm/m) I/KEEAR, R
HENE. XRE AR, ANE S EEH T 2284w 1)
i, BEAINE (CL2RAHER T, mm) pHAE.
PR FE < BRI 1E] W3 1~6, BEMRZE SRS 100 CK
B 5 min, 20> (4000 r/min. 60 ‘C. 15 min) B &
WA, BEfARH & EE 3 K.
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*1 BERREERKFR

Table 1 Factor level design table of single factor test

BaA K B A0 /% pH 14 AR iR %/ C BB 18] /h
PUZAHE 040, 0.60. 0.80. 1.00. 120  6.0. 65. 7.0. 7.5. 80 45, 50. 55. 60. 65 1.0, 2.0. 3.0. 4.0. 5.0
ReAZ €8 040, 0.60. 0.80. 1.00. 120 5.0, 55. 6.0. 65. 7.0 45, 50. 55. 60. 65  1.0. 2.0. 3.0, 4.0. 5.0
AREGH 310, 340, 3.70. 4.00. 430  5.0. 55. 60. 65. 7.0 45, 50. 55. 60. 65 0.5. 1.0. 1.5. 2.0. 2.5
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133 BefR A& IE KR
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AJNE AR AER pH . B, BRNINE. RE
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BRI A B R AR (LR 2~3R 4),
#2 hHEEMESRREZ kTR

Table 2 Factor levels of orthogonal test of neutral protease

s Az - N
BEAmE/% pHAL BE/C  AFiE/h
1 0.70 7.0 45 2.5
2 0.80 7.5 50 3.0
3 0.90 8.0 55 35

3 NIAERBBIERIRIEERKFR

Table 3 Factor levels of orthogonal test of flavoring protease

K - i -
Baifhng/% pHAL RAE/SC B/
1 0.70 6.0 48 2.5
2 0.80 6.5 50 3.0
3 0.90 7.0 52 3.5

&4 KNNEBBERREERKFR

Table 4 Factor levels of orthogonal test of papain

K — Ax - -
BEAmE/% pHAL BE/C  AfiE/h
1 3.40 6.0 50 1.0
2 3.70 6.5 55 1.5
3 4.00 7.0 60 2.0

13.4 = FvBe 5 B it a7
134.1 HEMEIEHFEAL

BT =R E A2 R0 A5 R, R E P A
AR EE B KN AEER NS (m/m) 5 51N
0.70%- 0.90%- 3.70%, VARIERESE NTEPR, KH
Lo (3%) IEAZARIGHs = Fh 2R (A BB 2% 1R 3R 4T S I
(WA 5).

5 EAMMEHERREERKFE

Table 5 Factor levels of orthogonal test of complex enzyme

IKF Az -
pH{& BE/C #flE/h
1 6.5 45 15
2 7.0 50 25
3 75 55 35

1342 SEHARINtLEIIL

7€ pH {8 7.0~ 5% 50 'C. BFIA] 1.5 h FI4HE T,
DA VR I USRS Il ATCER B =P i
B (m/m) NIRRT, BEBRSE N, KM Ly 39
IEAS IR =R ARG AT 2 (WK 6).
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Table 6 Factor levels of orthogonal test of complex enzyme
addition ratio

. AE

Y S EEemw ArEamv fAEGwY
1 0.60 0.80 2.70

2 0.70 0.90 3.70

3 0.80 1.00 4.70
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Fig.1 Effects of enzyme dosage on amino acid nitrogen content
of enzymatic hydrolysate
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Fig.2 Effects of pH values on amino acid nitrogen content of
enzymatic hydrolysate
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FIREZ TR LT A& Bk, ks
FIllE . XK Al AR A BEoE IR 7 5 9: 504

50, 55 C.

= 7 —e— 2 (1

E 115 F —I—NW\%E%

g KR A

2 10f

@ 105F

&

® 100f I/%/I——E\A

K

& o5t

2

hﬁ& 90 1 1 1 1 1 ]
40 45 50 55 60 65 70

B fAIRLIE / °C
& 3 BRI = MESEBAR R R ARS A & 2SN
Fig.3 Effects of temperature on amino acid nitrogen content of
enzymatic hydrolysate
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5 5 Bt IS TR RS KT ARl b, X AT BE A2 IR ixs
JEVIRIBG RS BT, FRELL — ), [HEg
RIS 1D G, S 23 DASRUE AR R B R AR K A
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Fig.4 Effects of time on amino acid nitrogen contentof
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E9113.72 mg/100 mL. XURER FEEID AR ZO0 2 R
BTN pH AE >8] >R > TN, &
T2 A9 A3B3CID3, BN 0.90%-pH {1 7.0+
P48 C. WA 3.5 h, fEiZZkM FHTRARAL, 22
A H TR A RIS A & RN 115.65 mg/100 mL.

AN HEEPUAN R o0 LR S B2 i 7 9 pH
1B >R B > BN s > 1 e, e T2 A2B3C2D2,
RIBEAN I 3.70%- pH 18 7.0+ IR 55 °C. W& 1.5h,
TEIZSAE TN AR IR s, 24T
NGRS A S BN 110.48 mg/100 mL.

xR 7 B—EAMIEZRANER
Table 7 Results of single protease orthogonal test

FIBA A2 F/(mg/100 mL)

KiEs  A@ERAE/%) B(HA) CERE/SC) D IE/Mh)
TiEEGE Reakals ANRGHE
1 1 1 1 1 112.21 100.87 94.30
2 1 2 2 2 111.38 111.00 101.75
3 1 3 3 3 107.42 110.79 97.79
4 2 1 2 3 110.50 103.49 99.21
5 2 2 3 1 11127 107.31 98.91
6 2 3 1 2 109.12 111.09 102.59
7 3 1 3 2 107.46 101.94 94.64
8 3 2 1 3 109.20 115.65 101.28
9 3 3 2 1 110.87 111.04 101.74
K1 110.34 110.06 110.18 111.45
sy K2 110.30 110.62 110.92 109.32 ALBCIDL
Fam K3 109.18 109.14 108.72 109.04
R 1.16 1.48 2.20 241
K1 107.55 102.10 109.20 106.41
ek K2 107.30 11032 108.51 108.01
Faf K3 109.54 110.97 106.68 109.98 AIBICIDS
R 2.25 9.22 252 357
K1 94.95 96.05 99.39 98.32
AR K2 100.24 100.65 100.90 99.66
&G g3 99.22 100.71 97.11 99.43 ABICID2
R 229 4.66 3.79 1.34
222 =AVERH FuBRRR AL 23 AR A
HHEE 8 I AN, pH A W B F] = F Fon = '
P il T A T 2 35 A R 5 0 W P g B i) > I P > 23.1 EBMEREILBRSAT

pH 1. HEHETZEHE N A2B2CL, Bl pH {4 7.0,
HEJE 50 'C, BFA] 1.5 he TEEZSEAF FHHMT =FEERAC
Ao PR IRUE RS, =2 A I PR R RIS A
BN 122.24 mg/100 mL.
223 ZAVEEH FBtibiE ZKIR 4R

FH3R 9 T, PR IS0 S R A AU
T Ay H A R 1 RV I B > A JTCER, (1 RN 2 > XU
RAMNNE. HRETZAE8 RN A1B2C3, Rk
RAMR. KRR AR R AR (n/m) 5
WM 0.60%. 0.90%. 4.70%. TEiZAT T idktr =Fhil
HECEER A RAEIRTE, 224 I A R SR
ARG EN 124.01 mg/100 mL.
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Ik B LR o R S A SR B e T )
ROrI XS RS S R S SRR B i, AT AR
BRI BEHAAEROE A oMok . HL A BRI B = L IR
HER AR S ERE, AR R E R
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#* 8 =MEBSFLF M EARIEER

Table 8 Results of three enzyme compositeconditions

orthogonal test

9 =HMEAMERALEXRRINER
Table 9 Results of three protease compounding ratios

orthogonal test

Kaps A B C BIBER Ko A¥H  BAk  CAK fggﬁi“ﬁ
pHAL BE/C AfE/Mh  4F/(mg/100 mL) A% EABY% &A% 4F/(mg/100mL)
1 1 1 1 116.42 1 1 1 1 122.44
2 1 2 2 115.97 2 1 2 2 125.93
3 1 3 3 112.61 3 1 3 3 124.16
4 2 1 2 120.86 4 2 1 2 120.60
5 2 2 3 116.64 5 2 2 3 121.98
6 2 3 1 116.93 6 2 3 1 121.76
7 3 1 3 115.36 7 3 1 3 123.22
8 3 2 1 121.24 8 3 2 1 121.15
9 3 3 2 114.35 9 3 3 2 121.20
Kl 11500 117.55 11820 K1 12418 12209 12178
K2 11814 11795 117.06 K2 12145 123.02 12258
K3 11698  114.63  114.87 K3 121.86 12237 12312
R 3.14 3.32 333 R 2.73 0.93 1.38
F 10 BERTE R ARAN R S8
Table 10 Composition and content of amino acids of enzymatic hydrolysate
FordF RIBR — " IRENES ff /(mg/f) = o ~
a0 Rok& e b AN @B H RS IE 2 BUBLIGIE 3
RA-RB(Asp) 0.64+0.01° 0.81+0.05° 0.37+0.01° 0.86:+0.07* 0.87+0.06*
Bk B-F P (Glu) 1.69+0.12° 2.05+0.07° 1.42+0.10° 2.57+0.11° 3.20+0.42°
T 2.33+0.06° 2.86+0.06° 1.79+0.05¢ 3.02+0.09* 3.07+0.24°
HEE(Gly ) 0.33+0.02° 0.40+0.02° 0.1740.01° 0.42+0.02° 0.43+0.02°
7R E(Ala) 0.66+0.03° 0.73+0.02° 0.4120.01° 0.77+0.03* 0.78+0.05
HoR 7 2B (Thr) 0.44+0.01° 0.51+0.02° 0.25+0.01° 0.54+0.02° 0.55+0.02°
£ Z BB (Ser) 0.81+0.03° 0.94+0.11° 1.05+0.13° 0.99+0.10° 1.01+0.05°
8 2 2.24+0.04° 2.58+0.08 1.88+0.08° 2.73+0.09* 2.77+0.07*
7 R BR (Tle) 0.26+0.01° 0.32+0.01° 0.10+0.01° 0.34+0.01* 0.34+0.01*
% 2B (Leu) 0.79+0.03° 0.95+0.04° 0.31+0.02° 1.00+0.15° 1.02+0.04°
E R (Met) 0.06+0.00° 0.10+£0.01° 0.12+0.01° 0.11+0.01° 0.11+0.01°
A £ (Phe) 0.68+0.05 0.73+0.04° 0.68+0.03" 0.77+0.02* 0.78+0.03°
8 28 2 B (His) 0.19+0.01° 0.210.01° 0.13+0.01° 0.22+0.01° 0.23+0.01°
412 FR (Val) 1.06+0.11° 1.31+0.32° 0.81+0.04° 1.38+0.14 1.40+0.21°
BB (Arg) 0.57+£0.03° 0.68+0.04° 0.30+0.01° 0.7240.03* 0.73+0.02*
B4 2B (Tyr) 0.24+0.01° 0.43+0.02° 0.19+0.01° 0.45+0.02° 0.46+0.01°
T 3.85+0.14° 4.73+0.25° 2.64+0.07¢ 5.00+0.20° 5.07+0.17°
HAFL(Lys) 0.3120.00° 0.42+0.01° 0.15+0.01° 0.44+0.02° 0.45+0.00°
Jit 2B (Pro) 0.47+0.02° 0.63+0.03° 0.44+0.02° 0.67+0.03 0.68+0.02°
ok JEEER(Cys) 0.27+0.01° 0.28+0.00° 0.29+0.01° 0.30+0.00° 0.30+0.01°
pS 1.05+0.02° 1.33+0.02° 0.88+0.02° 1.4120.03* 1.43+0.02°
AAREF 9.47+0.13° 11.50+0.21° 7.19+0.11¢ 12.16+0.12° 12.33+0.25%
E: FATAR EARDN B FEATHR £ZFEF (P<0.05). & 11. 12 Fl.
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=11 EEREWRZEREARNESE
Table 11 Composition and content of flavor nucleotides of enzymatic hydrolysate

ZoRMH R &2 el : :
PG B Rer& & B NNE 6 B FRAAFIER B BB E X
5-CMP 28.14+0.06° 24.97+0.05¢ 161.10+0.44* 23.87+£0.07° 38.03+0.03°
5-UMP 11.69+0.15° 11.39+£0.05° 25.72+0.17° 11.59+0.07° 10.88+0.15"
5-GMP 22.87+0.25° 19.44+0.13¢ 43.84+0.20° 25.51+0.13° 22.97+0.17°
5-IMP 0.48+0.00° 0.64+0.01° 1.96+0.02° 0.58+0.03° 0.53+0.02°
5-AMP 24.22+0.10° 18.4120.09° 4331£0.38° 26.61+0.19° 23.08+0.22°
i 2 87.40+0.11° 74.85+0.07° 275.93+0.24° 90.15+0.10° 96.48+0.12°
=12 ERRRBIERERREE
Table 12 Composition and content of organic acids in of enzymatic hydrolysate
IR 2 F/(ngle)
PG B ReAE & B NNE &6 B A AR IE R HBeft bbb
Fg 59.97+0.66" 167.63+1.64° 30.64+0.92° 177.18+0.91° 181.76+1.38
BB 142.48+0.35¢ 220.65+0.07° 498.77+1.29% 233.2241.23° 236.60+1.12°
Gl 280.59+1.37° 484.94+3.81° 235.27+5.15¢ 512.57+2.20° 519.99+0.09°
FRER 829.03+6.59 1 073.8349.65° 716.73+3.28° 1 135.0249.36° 1151.45+1.67°
LB 618.74+5.47 1 058.04+23.83° 162.63+4.56° 1118.33+0.17° 1134.52+1.78*
ATARBR 190.08+0.66° 171.97+1.41¢ 137.38+1.88° 181.77+1.74° 184.40+2.57°
T Lk 746.94+11.46" 1014.7649.01¢ 623.76+1.23° 1072.58+6.01° 1 088.19+5.34°
SEIABR 17.00£0.51° 13.68+0.13° 25.03£0.61° 14.46£0.99° 14.67+0.40°
&7 2 884.83+3.32¢ 4205.50+6.19° 2430.21+2.36° 4 445.14+2.83° 4511.59+1.80°

* 13 MR S AR, EREEER. BHER TAV 21

Table 13 TAV analysis of free amino acids, flavoring nucleotides and organic acids in of enzymatic hydrolysate

o e M nee) — .

(mg/g) FEGH Rea&aih KANEGEE FRAFER FREIER
RAZPR(Asp) &4 (+) 1.00 0.64 0.81 0.37 0.86 0.87
2R (Glu) 8 (+) 0.30 5.63 6.83 473 8.57 10.67
H A (Gly ) #(+) 1.30 0.25 0.31 0.13 0.32 0.33
7 2B (Ala) # (+) 0.60 1.10 1.22 0.68 1.28 1.30
Fr BB (Thr) # (+) 2.60 0.17 0.20 0.10 0.21 0.21
£ 2B (Ser) # (+) 1.50 0.54 0.63 0.70 0.66 0.67
S 2B (Ile) * (-) 0.90 0.29 0.36 0.11 0.38 0.38
F R (Leu) * (-) 1.90 0.42 0.50 0.16 0.52 0.53
RAH ERER(Met) B/AEL (-) 0.30 0.20 0.33 0.40 0.37 0.37
K AR Phe) E (-) 0.90 0.76 0.81 0.76 0.86 0.87
40 2B (His) *(-) 0.20 0.95 1.05 0.65 1.10 1.15
HERM(Val) A (+) 0.40 2.65 3.28 2.03 3.45 3.50
AR (Arg) B (+) 0.50 1.14 1.36 0.60 1.44 1.46
B4 B (Tyr) +(-) 2.60 0.09 0.17 0.07 0.17 0.18
BAB(Lys)  F4 () 0.50 0.62 0.84 0.30 0.88 0.90
I RB(Pro)  #/E (+) 3.00 0.16 0.21 0.15 0.22 0.23
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¥R 13
o tpimgep  ERAE AVimee)
(mg/e)**?  wpEas RexEOH AREGH LRAMER LRI

5'-GMP & (+) 0.125 0.18 0.16 035 0.20 0.18

fﬁ* . 5-IMP & (+) 025 0.00 0.00 0.01 0.00 0.00
MR

5'-AMP & (+) 0.5 0.05 0.04 0.09 0.05 0.05

A B/ (+) 0.015 9.50 14.71 33.25 15.55 15.77

FRB B/E (+) 0.50 1.66 2.15 1.43 227 230

T ABR TE BRI (+) 0.106 5.84 9.98 1.53 10.55 10.70

IR BYRAR (+) 0.45 0.42 0.38 0.31 0.40 0.41

JRIBR BYEER (+) 0.106 0.16 0.13 0.24 0.14 0.14

s R ERA I TR, R TR AT R IR A 10,

HAET, KA EWIEEME (TAV) LA ANk
F N B ARG R I DTHR IS, @I, 24 TAV K
T U, A R BB, I HAE R
K, srERECRU, i 13 WA, 20%R I TR
fiEE TAV 3K T 1 Il 2B R AR EIR (Glw. 5
AR (Ala). &R (VaD. FEEIR (Arg), HAER
T YA ZURRT =2 A I A AT 2 PR DT R AR K
232 BEMRR ZRAZH BT

TR R P R YR, S0 R
MRS BAREME, Aesfitnkigsm, FhbHy
FRR R AR R R S & B LR 110 AR [
R 2R IR S B, EEREN 5-CMP &
BA S-AMP 8, X5 H kPO sl B2
5-AMP A] LA A T S B R kY, ik
13 A5, SEURECEER TAV S5/8T 1, BrLEash S ki
TR 22 KA B B ARk s A K, R E R E
YEH.
233 Eaff iR HLBR AT

SHEAVERRSEEE. 2R, &P mARH
A7 K0, HRBSAE B P B A (XU . TR
BB AR RIS B WAR 120 224 T R e AR
WHSERR SRR, CRIRZ, & EEAEANE
B R E DUER BN 50% A |, X 5E4TA. A
SO A B, R 13 WA, AR, SERMR.
LR TAV ¥R T 1, HilSA TR TAV 1E 9.50~33.25 Z [A].
FTUBATR . SERER. LN 22 7825 I B BRI X
A TTER, HIATRTTER K
234 BEgffik EUC AT H4 %

MK 5 aTLUEH, ERCHS L IE AR A B
EUC fH#x 5, (A5 SR AT IEAS A AN bt 2 I G

BRI EUC %A & ER (P>0.05).
301

L a a
: g _E_
| C
1.0F
0.5F
0.0

PR EEE UREAR AREAR AAFER RIS
BEfR R 8
Bl 5 BERRiRSEEIRE{E EUC
Fig.5 EUC values of enzymatic hydrolysate
E: B RRNEFERFANEFRE (P<0.05).

3 Zhig

AHI TR FH B DR B AR A IR AL 22 A T B il
R 2 12, RIS R R R A% pH {H 7.0,
I 50 °C, WFE 1.5 h, HEEEBRINE N 0.60%.
KRB IR N2 0.90% AJREE AR INE A
4.70%, KM TIRGMEMRERNEERSEN
124.01 mg/100 mL. I B2 5 A E0N 12.33 mg/g. 2
WA E N 96.48 ng/g. BHEREERN
4 511.59 pg/g, EUC M 2.46 g MSG/100 g, ¥ T
—HAMMRER. F2R (Glw. HER (Ala). 4
RER (VaD. FERER (Arg) X227 2F IT b B A 2k
AHEEE, BT R B TN B
TRIRTC EAETTHR: 9 R 2 AR o S IR DT ik B
KIANR . A FT B 28 B B RIORS SR
Sefit 7 HENRALA, FE R, R T AR K,
B AR .

[N
o W
I

EUC / (g MSG/100 g)
o
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