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1% A BITC 89284k, R 3 mim 69 A= 7= i T F 256 F)
FHR AL 2 %

1 MRERE
1.1 #R5iRH

o e TR | e T VL e R I op b 2K T
B A, 2 g VL B F BT 4% (8 000~
14 000 u), A

Sephadex G-100 &M . #r R (0 7l 4
Marker(11~180 ku) , I A= W B A R 2 A
REIT AT FOE R R R, B R TCL; 8 K%
75 0% 2R F R AR (15~600 ku) , 55 [# Sigma 2%
A WORE €8 35 R R o g el g, AR o Ak 2
a2y, ¥ 1 E 255
12 MNHB{5EH

S5 N KRt =y T N e Sl L R TR E
AR 7 ;Mini-PROTEAN Tetra Cell /N T E H,
kK, 921 Bio-Rad A F] ;Waters Acquity Arc #
FHERE Waters 1525 W AH {35 2998 PDA  detec-
tor Kz 2§, 5% [E Waters 2> 7 ;8890A < AH (43 |
FID il 8% , 58 E %5824 7] ;DGG-9140A HL #A
PR S TR AR, 1 AR5 S AR A IR A D
DF-101S SRR T midkes, Ll 1 RIRTTLER
BHEA RS 7 s FD-1A-50 % % THEL, 1 L
AES il A PR A
1.3 Fik
1.3.1 i b BRIl A4 £ S 2li4k
L3.1.1 HIERR A HIA K 200 g B =501 Fr |
R RENLFT IR )G , Sr RV R RS IMA 1 L 10
mmol/L B2 2% v %W (pH 7.0, & 10 mmol/L. ED-
TA .10 mmol/L i J5 Wi B 1 5% H il ), 72 vkoK i
FEFE 30 min, 4 °CF, 10 000 r/min #.0> 10 min,
B 3 T RISy B i B 1 kKL U
1.3.1.2  MIFFEEM4ife  f B R T 7 AR
WA BT, F 4 CiENr G, 1 Sephadex G-
100 % B 1<k 38 4 JZ AT A 10 mmol/L # R 2% vh % i
(pH 7.0) VB, W AE 8T 10 mL B4, Wl 2 45 1Y
il 1o DAAS DN 3 1 e 8 S 00 100% , 1545
O RR T IS T F B S O 0 A A R DR
WSCEE GO, ¥ VR T8 J5 B i B 10 mg/mlL 7K I
FH B 535 385 0 3500 2

1.3.1.3  BIFFREERGIE e BT T RS )
AN e 2 B8 Li S5 7 5 I VBB # 1 mL BT
THERA 1 mL 200 BG 2 BORIR &, 57 BV BCRE I
SEBCIHR AR BG 1Y & &, 350 BG A HE L%
FEFN BG & i A I e ¥ 2 I8 Li A5 O 2k, PR
TR AW A 40 C/K U 20 min, 25 A ET 7 B HC
BEI 2 IE IRHE A W BG & &, 1 AN S 2
(U E XN B350 BG 592 B (nmol ) , il 3 1Y
MELOT P B R 8 UimL, BTSSR A R (1)
5

@ﬁ?ﬁﬁ(U/mL):% (1)

13.14 BER B &M R Waters Acquity
Arc AR R G, #I4E 2998 PDA detector,
R % K 220 nm, i3 AH ;0.1 mol/L it R B 7 i
F] 0.1 mol/L BEFR BN ZZ WP W (pH 6.7) 1, ¥ 3
0.5 mL/min, A% ¥ :30 °C ., {4 3% #F . TSKGgel
G3000SWXL 7.8 mmx300 mm, |7 T &N
15~600 ku & [ BIR AR W, X6 446 5 1) JR I+ i
HEAT 5T F B A
1.3.2 Fuhn R ST Bt 19 il 2
1.3.2.1 B X6 Jy s e i i Ak T R
JE LA T mL B R 5L IF I (BG) $2 BUR A IR
Yy, AL 1 mL S7 B BCRE I 22 1 R A 8
BG M & &, FRRIR G R % B 5 B AE 30,35,40,
45,50,55,60,65,70 C T 7K 20 min, 45 4 i 57 B
HUREDN 52 L IHE A WA BG & & I A0 (1)3k
AN TR RS TR A G 7 ARSI 1) ) e v I )
H 100% , T84 1 BE N AR X B S T
PASE PRI E . B A B 43 0 7E 10,20,30),
40,50,60,70,80,90 °C F /K 2.0 h, 4555 % 1R
1.3.1.3 75 Y J7 32 7 BV % 07, O DAAS: I 381 1y
5 15 W% 1R 100% , 1 F 545 B i 6 A X i 0% 7
1.3.2.2  pH {EXIEENEG 1Ry 520 Beil pH H 0 4,
5,6,7,8,9,10 M % M 50 mL, /- HIMA 1 mL 35
W LT 0l (BG) $ O AN 1.3.1.1 795 J5 i
3 HLEE W 1 mL, 57 B EURE I 2 B IR A W
BG 9 & & . FRRHIR A W% B 40 C/KIE 20
min, Z5 HE 37 BEIRCRE I 22 M BT A W BG &
B EARX(D)RIEATE pH TS F1, DK
T2 A F 3 BTG 1M 100% , 3548 pH R A9 AR X
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fi % 77 .

1.3.2.3 & )& B T XS S sgm o3 Bl
£ Na* K* Mg* Zn** Ba* Ca® Cu* AlI* Fe* [l
WS BB 4] EDTA ¥, &Kk 198 1 mmol/L., B
1 mL &8 B T BAA 1 mL B0 3L 5% 130
(BG) #2 O FN 1 mL KH &, <7 B SBORE I 22 )t Bt
REW T BC & &, FRRHR G A 40 C
K 20 min, 25 A 7 BV IORE I 22 1k B YR S VR Y
BG &ra , B (1) SR R TR S5 0F T I BEE 77 .
DL IR 2H B TS 74 100% , 353 H e 45 4 0 R G
fit % 77 .

1.3.3 B =S8 E Bl BG WEE
0.5,1.0,1.5,2.0,3.0 mmol/L AYJIE IV, Hoilh I
FE A1 pH T I %2 i 3% 71, Al A Lineweaver—Burk
EPIRIAR L-B i, AR SR B0E ) IR SR
BN BHK, EH V. (H,

1.3.4 8 im0k E ot vh R I 5 Tl B S ) e il
it 7 ) S5 T SR TR 114 5 T

1341 M B LY A 229 2 mm
J&, A E T 50,60,70,80 °C R T4k = K4y A
K 12% 7 AT, 5 ik BRGSO 1,2,3,4, 5
HURE S 5 S IR RS 6 ST B T R 4
S E DA b 6 FpRE S B R IT NG T . SRR
KR A KA

1.34.2 REER RIS ENE  BITC M4
I 5 vk 2 BR 2R A AP O ik O b R i A
i R AT IG I 2 ¢ INA 50 mL IE OV ¢, FEH
TN B U AR 1 b, i U8 2 PR K uE O
IECREE R ZE 50 mL, I FAM @0 E , R%E
HEAE 8890A S AH (A1, FID KM % , (3 4: N Hp-
5MS 19 UL B4IEH  (0.25 um,30 mx0.25 mm i.
d), #ERER N 1 pl, AL E R R 240 C )T
THE 180 CHEHF 1 min, LA 10 °C/min F+Z 200 C4E
5 3 min, FLL 420 °C/min & 260 °C, 4E4F 18
min, S ANE4E N,, SR & 24.9 mL/min, {4 %
HEW R 1.04 mL/min, 733 oA 20 1, FID A6 I 2%
T 220 °C, LUS B SRR R BR AR L & o SR |
PRI AT E . R R R 1Y S LA mg/g
B4 d KR, HA E ok > F &2 R GB
5009.3-2016 #EA T

1.3.43  HOWARIT T RERETE D RO E B0 SR IR

B A5 7 A I a2 BE L SRR Ok B ep B
I 5 it T LA S WA 4 S5 A S W4 o Tl Ulg
Fhum -+,
1.4 HBEZITSSH

B AT B i I 5E AT 3 I, il Ah
BOPEIME oI 48 R4 IV S hn i 22 7 %0
Horp 4 @ B8 % B TR B 2 A SY . TR T 3
o Ff BITC 5 45k AR I 1 i % 7 16052 W) ) 03
B2 IBM SPSS statistics 26 34 1E 17 50 8 LA
Duncan %% 5%, LA P<0.05 %, Mab.c.d
SN ) 1) B R A AE 1 3 25 57

2 RS54
2.1 IEmEFFEEHDAL

U5 e aok DB A 2 AT AT A A8 e DB AR P A X T
mE 1 prR, g 90 B uEH , Horh 55 27~30 45 |
5 65~74 B RYUE A B TS 7 . B BT A R e T
TR G IR TG ST BE S 33 (0 1S K D |, Bk
58 i s R E 2 s, FEE B 3 Ak
U 0 EsTE] 43 51 R 13.189,16.351,23.999 min,
SRS 529 829,191 071,16 577 u, Wi A
WA BLVE 2248 | FE i AT S i A AT SR 1
KR B BRIl Y 4 I A 0o 157,160, 114
ka2, G5 G AT BEROE 3 085 K, (35 g 1 g
THRRA 4 B/ & IR (2.36% ), 4RI o 2 1A
REW, OB 2 HIE R 2 A4 5 1
W, T LR G YR A BRI 5 VR Tl e
A5 03 2 e gk i 3 435 Sy SR T T R 3
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Fig.1 The relative enzyme activity of column

AT B )
The relative enzyme activity/%

chromatographic fractions
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190.9 ku B m R I+ 1R 7 F B i, 1 16.6 ku
R o AL X 11~12 DS AR,
FEAli A A v, BRI AR oy S ok
NS ARG PE T FAE R YK IR 0 BT T
Fil 1 23 F B AE 100~200 ku, H K#HH 2~3 4~F
FELH e Al A BIF Y e B L 2O YR 1 PR T T il 2 R
12 7 A4 B 5 A58 v 43 15 1 R 1 4 p 2R
I FHEAAL, 25 R AR A AERHE YK TE
BRI T T U AEE—EE R

22 HEMEFFEMNEREMER

220 U BEXTERIE g T S T Y
I i B 25 R AN 3 BT, AE 30~70 CI i
Y [P, 40 CRE AR X B T e i o AS R IR R I+
it F14) F5e 325 L 22 800 30~50 °C7, 35 Wi BE I Tl A
I IE R E 40 CHRAE LR N, BITTEE I A e
PEBIF ST 45 S W 75 <60 CHY IR JE T AL BE 2 h, B %
TIHRFEFE 80% L) I+, i B 3 60 °C, il i 7 R
R R (E 4), UhBII ST ¥ B AE 60 CLL T 3K
FaaE o Li PRI A IUKE B B 0 T 60 °CF T
W24 h Jm, g B OY G A S T 03 T R, 80
CF T8 24 h J5, Hoh i BIF 7l 58 4 0% i WF
FEIAL B X G2 IR, T AR 5T AL BN 5 R
PRTT T REEG W, B ih H o T R 2 X Y
PR E PR 7 AR R B FH SR Sy PRA BT 42
WD T e BT, T AR S S Bk i PRI
T AR E T

222 pH EXTEENEG J 5% m pH X BRI 7 il
filg 3 1 g an el 5 fr s, E pH 7.0 B BB IF 7
6 1 . 16 pH 6~8 JUIE A, SRIT i 1Y Bl 5 )
PRFFAERGE KO o B R R BT Tl Y B i pH
BRK2ES, RIGHT AT 4T L BRI TR
W R R 17 BB T 9 53l pH — 7 i 12 1
(1470 LN (pH 4~6) , 171 2k Y5 A 47 4R 355 114 T 5T
g 1Y) fe 3l pH —MEAE £ 4 (pH 6~8)1°1, AR5
SR FH IR ot B B 25 A TR R 1 R 4,
TS, o i B ITF R Bl pH 7.0, 4F
A R R A A AR 1) BT T 1Y) B il pH A (pH
6~8)JLH

223 GIEREFXEIE I E 6 s,
5% WAL e, Nat K+ Ca® % B IF 7~ g il 7% 77 9%
HERZW, UM 48 B X BT 1 i i 0

5O

Intensity/AU

5 o 2 o o o o
8 88 288§ 322322328 BR8BEB

f

=]

RARERRRRRRRRR]

RRRREREE

190916 - 16.351

NRRANRRANRRRNRARRRRARRRRRRARS

524226 - 13.189

% B I [
Retention time/min
B2 EmMEFFHERSEGIELE
Fig.2 The gel permeation chromatography

of myrosinase from maca
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Fig.3 Effect of enzymatic hydrolysis temperature

X i
The relative enzyme activity/%

on the activity of myrosinase from maca
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The relative enzyme activity/%
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i
Temperature/°C
Bl 4 #HACEXIEMETTFEE AN
Fig.4 Effect of heat—treat on the activity

of myrosinase from maca
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Fig.5 Effect of pH on the activity of myrosinase

from maca

Zn* > Ba®, Hot Mg Zn* Ba> X J&IT T B 141
MR = Z 22 5 AW RS R SR
RIS 5 ) 4 B ok B A AT I RJ3S BT
TBE 52 M 25 AR . AR B X W 1 5
F2 B BUAE I AR Wy T, SR A HIL
AR TE AN, A IE 45 5 0 I R I 4 R B
T 5T IEA S G, BWRY SEGN A
A7 A5 A S PR A ] N TR Y 4 ) 2 S R 45
GREAE, FEAHIEH R ANR 25
2.3 HEMEFTFEHIHINESH

I 2K FC 7 FEPIR L-B 32 56 2 0 B 5% 1 i 1
1 ZHK, HM VY HIEATIE , 7]
AR Y M 0.05~0.3 mmol/L 2 [6] | filf 7% 1 bt
JEC AV B 1) T e i R, LUK R B (2) AN (3) , il

@z%ﬁ%meﬁ%@ﬁ&o

V.S
= Imax 2
K. +S 2)
1 _ Ky 1, 1
V Ve 8 Vo (3)

X S—— R, mmol/L; V——PifF i 4L
R, (wmol/L)/min , B H I 45 T AW 5E i1y
BEIG 710 VA 1S R ARds , 17V AR bR 8, 45
P2t R y=0.598x+4.1968 ,R>=0.9956, £k ]
GERES ., BEMETBRALUKRS, V=
0.2383 (pmol/L)/min,K,=0.1425 mmol/L, Andrea
SEIBUNE PG 22 AR IR 1 PRI T B sl ) e kAT T OF
98, SRS P E RS R E M pH KT, V=
0.246 (pmol/L)/min,K,=0.086 mmol/L, Fi It 7] I,

AR G
The relative enzyme activity/%

s
=)

N
=3

o

Metal ions
T« AN TR R FOR A7 AR 35 M 22 3 (P<0.05)
E6 €«EEFXNHEWMEBFFHENNZIE
Fig.6 Effect of metal ions on the activity

of myrosinase from maca
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Fig.7 Effect of substrate concentration on the activity

of the myrosinase from maca

y=0.598x+4.1968 R*=0.9956
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Fig.8 The relationship between 1/V and 1/S

of the myrosinase from maca
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JE I 26 A0 S/ T 94 22 £ FRIT 11 . Huang 5P



252 R il 2024 4E55 4 1)

% 1 U AR B B SuMy07 7= AR B9 R T T i 1 3 =00

TSR, B R AL R Vo K 17 s

(mmol/L)/min, ¥& K T A 5T f1 Andrea %5 =) iff BT o]

USRI I 22 S 0 it DA AE T ORI 9 R G Al ﬁg

bS5 1 BRI I, AR B ST X G 2 R R =g

24 THEMIXIEBMApETFEEEHOREEH 5000 ]

P T R RO R 0 L~
B o SR L O AR, o R

PR B E] R 10.215 min 9 (3% 0% BITC,, BT
F g2 — P E DL G SO0, 28 iR A5 T R
TR WK &R 12% 4, WORBEEH AR TR i
JEF T4 B B A S T K S i 12% 48
A, DU A [ 38 3 Ak S 1 FE i e B R A
T3 B A 7 ) S T R R R Y A, SRR
1 FEoR, o e Ehun fif 58 b i) SR T B S ) R
0.7256 U/g,BITC % & 3.3190 mg/g, FfiE T 1 i
BEM T, AR b i RO B O
IR Y TR IR B IR B 60 SR F i i) R
IFF Wl 0% 7 53 BEAIK T 22.26% , M IR i 1k #
80 CHY , BIT FHERGIS S 2] 1 0, 3% 5 A5
W PR IT TG T ) 00 AR E PEAS AL, T
U R BRSSO, BERAHAE N
T AR P G B e e pliAk . B TR IR
B LT B BITC (9 & it 2 MR B Y
G O AR LU AR 25T 2 M EGR R U E
R 2% S 1 J DR — 0y T 2 v il T R R T R
fige 2 3 BE N B 5 O — 5 T2 BITC Y AR e PR
2 AT R . AR TR T AL
B A F oA i DA R T B R 5 b ) BITC &
A BB  GOREY] R 60 CLL LR
J3E X FL WA AT T A B T AT R0 R T U
DIE T K

3 it

ARAIF 5T X i 3 i e ) B Wl AT g 4l
b, B T BE 5 05 (Ll 45 SRR W % 09 4> T
20 190.9 ku, i 2% P ST 5 45 L 3R W] E i R
IF 1T ) F O R E A pH 43 %1k 40 CAl pH 7.0,
G JE B T A B SR, A A X F
Ui B TT PRl S SR K, TV (AT | 4
R A — N B S ) BE R v I T

Retention time/min
9 HWIH#MRBITCKHEAEE
Fig.9 The gas chromatography of BITC from maca

®1 FTHRMIBWS BITC &EMERFT FEEE
EL: A
Table 1 The effect of drying on the myrosinase activity
and BITC content of maca

Hoehs BATEHEEA/U-g BITC & %/mg- g
1 0.4254 + 0.0264¢ 0.0659 + 0.0038°
2 0.3307 £ 0.0446" 0.0346 + 0.0017°
3 0.0119 + 0.0028* 0.0298 + 0.0019*
4 0.0000¢ 0.0257 £ 0.0031*
5 0.7256 + 0.0246" 3.3190 + 0.2083"
6 0.0000¢ 0.0332 +0.0021°

TEFE AL 1~4 235 7E TR Z 50,60,70,80 °CF AL BIAS 2] FE A 5
Sy U AE SR R S 6 S TR IO TR s AN [ R R OR A A 2
5 (P<0.05) .

K, A, A 5% 1 X6 35 i+ 8 I 10 06 g A
BITC # &8 L AT 4R 5T, 45 A5 ST ff 3 njy e 2R
o RO Bl B 75 ) R 0.7256 Ulg,BITC & 2
3.3190 mg/g, Fifi 75 18 U B2 A L B O & b Y
BIT T E GG O 3 R R LBITC & it 2 N &
o SR, X — A A 7 1 SO e e
B W2 A A W e ok R Hp i A R R A T
B — Y

z %

X Ef
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The Enzymatic Properties and Processing Stability of Myrosinase

from Maca (Lepidium meyenii Walp.)
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(‘Sanda University Shanghai, Shanghai 201209
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Abstract After extraction, dialysis and gel filtration chromatography, the myrosinase in fresh maca tubers was purified.

The enzymatic properties, kinetic parameters of myrosinase were studied. Moreover, the effect of drying on the myrosinase

activity and benzyl isothiocyanate

(BITC) content of maca was investigated. The molecular weight of purified myrosinase
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was 190.9 ku determined by gel permeation chromatography (GPC). The results of enzymatic properties showed that the
optimum temperature of myrosinase was 40 °C, and the optimum pH value was 7.0. The metal ions Fe'*, Cu®*, Al**,
Mg*, Zn*, Ba®* had significant inhibitory effects on the myrosinase. The kinetic parameters V. = 0.2383 (pmol/L)/min,
and K, =0.1425 mmol/L. were determined by the method of Lineweaver—Burk. The myrosinase activity and BITC content of
fresh maca were 0.7256 U/g and 3.3190 mg/g, respectively. The fresh maca samples were sliced and dried at the temper-
ature of 50, 60, 70 °C, and 80 °C, respectively. As the drying temperature increased, the myrosinase activity in the
maca sample significantly decreased, and the BITC content showed a decreasing trend. This study has improved the the-
oretical study of the myrosinase from maca. It is proposed that drying maca at temperatures above 60 °C can effectively
inhibit the myrosinase activity. These results may provide guidance for the processing and utilization of maca.

Keywords myrosinase; maca; enzymatic properly; myrosinase activity; benzyl isothiocyanate



