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Abstract: The variation of volatile aroma compounds and squalene-related enzyme activities of the tissue cultivation of
Pandanus amaryllifolius Roxb. leaves (PAL) treated with different concentrations of Zn and La was studied. The vola-
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tile aroma compounds were analyzed by GC-MS, and the key enzyme activities of squalene metabolism were detected
and analyzed. The results showed that there were differences in the number and content of volatile compounds in the
tissue cultivation of PAL treated with different concentrations of trace elements. Compared with the untreated groud,
4 mg/L Zn treatment and 1 mg/L, 2 mg/L, 4 mg/L La treatment had more volatile compounds. Zn and La treatment in-
creased the content of alcohols and decreased the content of olefins. Zn and La treatment significantly reduced the con-
tent of squalene. The treatment of 2 mg/L Zn increased the content of [B-sitosterol, stigmasterol, ethyl palmitate,
3-methyl-2-(5H)-furanone, 2,3-dihydro-3,5-dihydroxy-6-methyl-4(h)-pyran-4-one, and decreased the content of squale-
ne and phytol. The content of phytol in the leaves of 8 mg/L La treatment was the highest. The activities of squalene
metabolism-related enzymes were changed in the process of tissue culture. Lanosterol synthase (LSS) activity and
squalene epoxidase (SE) activity were stronger in the mixture, and squalene synthase (SQS) activity was stronger in
adventitious roots. Different concentrations of trace elements had a certain effect on the activity of squalene-related
enzymes. The content of squalene was positively correlated with LSS enzyme activity, SE enzyme activity and SQS
enzyme activity in the PAL treated with different concentrations of Zn. The content of squalene in the tissue cultivation
PAL treated with La was negatively correlated with LSS enzyme activity and SQS enzyme activity, and positively cor-
related with SE enzyme activity. The results would enrich the relevant theoretical research on the regulation of trace
elements on the volatile aroma compounds of PAL, and provided theoretical basis for improving the aroma quality of
PAL.
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B o & A B BT, o Lad Kb BB
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Fig. 1 Classification of volatile compounds of tissue cultivation of PAL treated with different concentrations of trace ele-
ments
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B( 18 2A), HAA& S0 R?X=0.993 \R*Y=0.945 ,
Q’=0.426, Q*>0.4 PEMIIZMRI ALY, FasE
PER . A SO R A B AR, I B A
B Hr it AT 200 A X HGIE (B 2B ), R*=0.639.
Q’=-1.59, Q<0 ULWIFTa: PLS-DA K n] 411
Toad LA PR GE , v] AN R A BEA (% ) 51 43 B o

Wk OPLS-DA 4341, BEANE L LA P mT LA
PAF 1A VIPE, WS EENRGY, VIPHER
INIZ T T IX A3 4[] 25 S A STk kN, 7E
ST, —IAN, VIP>1 FRiZEEHEREE
YER, VIP {E#EA, Ui IZ 78 B 7E R [R A B[R]
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KV VIP>1, P<0.05, 435 h f &k (32 ).
B-HHIEE (A7), EHiEE (A8), M4REE (A6),

PRHHPR T (B4 ), 3-H1HE-2-(SH)-WEmgHEd (H1 ).,
2,3-4&(-3,5 T SE-6-H1 FE-4(h)-NL M -4l (D2),
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A: OPLS-DA score plot; B: Cross validation mode.
2 AEREMETRLEAEERZHIZELEYWR OPLS-DA H#T
Fig. 2 OPLS-DA analysis for volatile aroma compounds of tissue cultivation of PAL treated with
different concentrations of trace elements

J2 ATA8A6B4HID2F1 BSA4C1C3B2B7ASD1E2 J1 E3A3El 11 B6B1C4C5A1B3C6G1C2A2
1A% Compound
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The No. of compounds are the same as Table 1.
B3 AEREMETEZLEFABEHMZMHHNIELMEY R OPLS-DA A VIP F4
Fig. 3 VIP score of OPLS-DA model for volatile aroma compounds of tissue cultivation of PAL treated
with different concentrations of trace elements
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Fig. 4 Content of key volatile compounds of tissue cultivation of PAL treated with different concentrations of trace elements
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X 2H 5 B > (1) 37 55 B £ TG W 3 A [R] 4D
fiiR, La8 AbPH LRI i, Zn8 IR,
La8. Zn8. Lal AbBHAYM 44 & & W& & T CK,
Uil La8. Zn8. Lal AbPRAEA RGN 15 BE 22 0t
W ke, K 4E T, Lal Ab B 454
fRZME SR BEE T CK, 16 La LR, Bl
% La JURMWREE RIS INARANR O & i 280 &
Frtkad, o 7E La8 b3 d R4S AR IR 2 K
ULH Lal AbBEAT DA(HZH BE 50 =2 i AR R O IR &
SEHEN, AE R B D s AR R SR 5 = T R
H & 4F AT, 5 CKAHEL, Zn2. Zn4. Lal Ab3
Hr) 3-FE-2-(SH)-ME MR IR 25 i W &N, 7E Zn
JCERERA Y, BiE Zon STTRIRE MG IN, BE=20
HR 3- 5L -2-(SH)- Wk ing i 25 it 52 503 5 B
o, Hd ozn2 EIPHETERE, N
(4.28+0.29)ug/g, HEm T La R, &
4G A1, 2,3- T 4-3,5 R FE-6-H FE-4(h)- itk R -4-
BRLAE Znl . Zn2 ZbPRPAGH, H Zn2 PR
SRR, N(1.6510.27)ug/g, M Znl. Zn2 it
PO A RS B 2L b AR 2,3-F-3,5 R dE-6-
F-4(h)- Mg -4l

ZE LTk, Zn2 ACBRAE(HAL R BE 40t B-
AR, R, AFMEER R, 3-H HE-2-(SH)-Ik
W . 2,3-&-3,5 R E-6-FH 2 -4(h)- L Rg -4- iR
S BN, AE 5 A e R R e e
La8 A3 (it SR B & i e 3 ANFIVREE Zn TR
b 3BT A S s BRI VR R, La2 ARERY
T FH AR XA 55
22 WMEMARAEMEREKHEXEENE
o

H L 5 AT, R S ds A OGS PETE 4 3 B =2
R YA A A2 K B B AE — 0 26 57 o BB G B
AR B ARk, LSS SRS R e, Hid
TEIR B W B BOid PERE5R ., (0.37+0.02)U/g; SE
WAEIRA Y B R BB R G, gt T
WAL A EARAE KB B (B 5 A EZFR BT
FH2ES M SQS MRS AR A, TE
ANEARAE K B B R PR, 35 8(0.97+0.11)U/ g,
AU, AR T A AR DGt T 7 B =2 2 1%
AR R — AR
23 ARRERETRLEXNAER=MHA
& W E X EEE R R

MR 2 s, ASFERE R TR A3 2 85
BE= b LSS WML 2R, s T RA B

"7 zaLssCOsERSSes .
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0

BEES WAW  AEEF AER

A BBt Different growth stages
AN F R RN AR AL R R 25 57 B 3% (P<0.05),

Different lowercase letters indicate significant difference
between different treatments (P<0.05).

B5 HABMEMARERKNERAEHHEXEEETL
Fig. 5 Changes of squalene-related enzyme activities in
different growth stages of tissue-cultured of PAL

2 ARREMETELEAER=HH
REFBEXEREETK
Tab. 2 Changes of squalene-related enzyme activities of
tissue cultivation of PAL treated with different concentra-
tions of trace elements

5 fif} 1% 1 Enzymatic activity/(U-g™")

Group LSS SE SQsS
Znl 0.31£0.06™ 0.39+0.02° 0.50+0.08
Zn2 0.37+0.04* 0.30+0.05" 0.51+0.05%
Zn4 0.30+0.01° 0.30+0.07° 0.41+0.02°
Zn8 0.35+0.06™ 0.20+0.01° 0.43+0.07°
Lal 0.38+0.04° 0.21£0.03% 0.44+0.07°
La2 0.32+0.02% 0.32+0.06™° 0.45+0.03°
La4 0.34+0.02 0.26+0.02°%  0.53+0.13"
La8 0.33+0.05" 0.23+0.03°% 0.63+0.04°
MOHL 0.29+0.04% 0.23+0.02°% 0.67+0.03"
RBE 0.37+0.02° 0.33£0.03™ 0.58+0.09™
A ZE 0.25+0.05" 0.27+0.05°%  0.67+0.11°

s FIBIAS R/ NE FRE R AN W] AL 3 8] 22 57 8.3 ( P<0.05 ),
Note: Different lowercase letters in the same column indicate
significant difference between different treatments (P<0.05).

LSS Wt 5@, IRayu IR EXES, M
S5MNEZERIE, Zn2. Lal AbFEAY LSS 6 PR ,
A3 24 (0.37+0.04)U/g #1(0.38+0.04)U/g, i B 5 H:
e BE AL FRAH G, Zn2 \Lal ZbFE AT 1G58 LSS WPk,
Znl KbFERY) SE 36 M 3 R T A Zn STTR WAL
M, JFH&ETEGHSMMNEZ, MSRAYT
WEZES,; 7 La uEAH A Y, La2 4bFEH SE
WPEEGE, JFH S TaGASMMNAZE, BT
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RAY, VB Znl. La2 AbFEXT4 55 24 b SE
A —E I IEEH . La8 ALY SQS i 1 ik
FHET Lal, La2, Znd, Zn8, UifH La8 AbHLL
Lal, La2. Zn4, Zn8 ZbFE GEHE S SQS 7if .
S5IREWMIL, ASEWE Zn, La JTCRAHAMW
SQS {EPETC AL, S A4S 2
fHEL, Zn4. Zn8. Lal. La2 43 SQS ifitE
A%, UiPH Znd. Zn8. Lal, La2 AZbPRRTREXTZH
BRBE 220 ) SQS 1 M IR H
24 WMEZEMHAETEDRERSESHES
R X B R RS

XEARIE BE Zn  La JUE AL B B BE 2 b £f
0 T 5 R T I A O TS PR AT A DG 4y
Br, 3 3 vIAL, RRERE Zn TR GBI R BE 4

4 ) 0% 2 i 5 LSS, SE. SQS {if PE A &L IEAH
X, MXERBHIH 0.013, 0.590. 0.613; TiA
FVRIE La JoRACFAEERE 0 R ARG S S
LSS. SQS Mif ¥R A, MRS HIN
-0.388., -0.273, 5 SE fiH R IEMH G, MR
oh 0.521, 2 MfdE TR T SE TEHEH S
F &I B A BRI IE A DG, LB M B
AIRESERZM SE WM EZ —, ek
B SE I X I B8 e AR 1 A T M 1 2 A AR
RZW2Af SE W PEREAR, M 2.1.3 AT, 7EBE
-2 15 R Zn M La SCE MG T MBS
A, TS YRR Zn, La JURALFEF SE 36 &
Aprdem, MAERBEZES, THEEZEME
I S TR o

x3 ABRWM=MIREFSESAHERNHXEEBEEMNEXE

Tab. 3 Correlation between squalene content and key enzyme activities of squalene metabolism in tissue cultivation of PAL

T H Zn it H La
Item LSS SE SQS Ttem LSS SE SQS
LSS 1 LSS 1
SE -0.491 1 SE -0.753 1
SQS 0.331 0.659 1 SQS —0.407 -0.288 1
kX 0.013 0.590 0.613 i I -0.388 0.521 -0.273
3 itig FHIRHBFSE R, SE S Ak A1 I P4k S8 1k 1Y) S B

R TT R RAEY LK R E R oA ] g
FURRTAHE AR, A S AT A D) 6 i Al T 114 2L
Wy, XK A RS B CHERE MR,
AT 5T N [R) f o0 2R A B ) 4L % B 22 4 R 1
VIR . SElaER, HEFE R E AR
Wl Zn. La JCEALFEXTAERE 24 K R FH 1K)
FTERARR, S80% &Y R 2R
E5 . Zn2 KPR B BE L) B-A S EE . &
FS I . BAREI R TR . 3-H E-2-(SH)-MR I . 2,3-
T35 TR -6- H - 4(h) - R -4 S R
Zn JCE AL PR O m W sk S R A TR
M., BEMMIPIRSE R I, R TR MO R
B R R SRS A — B, SMTES Zn K
Zn VR AL, o R H S R LR O A R A S
B CRHEES) YRR TIERE, SAUFRY;
AR, TR ST R B, TE MR B T
FXHRE IR B AR Y B A s R R,
H1 50~130 mg/L fi B i A A 0 2F e J A K A
SATRYI T 7= A o ARBIETE P R AE & B 8 mg/L La
JCER Ab PHAE AR PE 2L 15 B 22 i g - SR B T

g, WAEMRAS Y G REE iR EEEEH,

AW GRS [R) v BE e e R AR IR ff SE A
AR E RS, M5 CK A, DIARTEMREE Zn |
La TRAHT, el ARENHEERY RS &
WA T, Zn 5 La JUR A HIGGE SE 1% M3 n
WAL E R, B ARG ERIEIE &
N BRI G IS A R OCHT A 1T 5 Zn ST R AL
MM, La TRAHEREBMMEY & B E
R, X5 Zn AP RS MR S T La ALPRAR
o 7E Zn Fl La JTCEALBE T, LSS #&PE SR 5,
M5 CK A0, ANFHREE Zn . La TR T,
DL B AR BERAL B & w3 A B Lot

LSS DA H B A GG MR U e R A B T &
AR RO B g, PRIIE 3R o T AH S B i &
M5 Zn JURAFAHM L, La JURACFLAY I EER
G & EBAL, XS Zn ALFRAY LSS BG4
T La AbBRAAST o [RIEE, SQS Jif PEth J& 5 mi ff &
WL o S R S EZ N R, HILE Zn
JLRAHT SQS JEMEA TS, Mi7E La 0BT
S FTREAG, 4611 520 Zn AL BT 1) ff & M &
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TR KT La Zb¥E, H Zn AbPREH £ B2l
BYSEWEE . M ICHEE M T BUW S kM
W5 B P AR AR A B X6 0 P 2 e P o ) %
A4k, UEBH Zn, La JGERTEBE %M OCHESE K Y
AR TS P R B EE R E R . DL R4S
SRS o0 N 7 e oAl 1 O
RAEFT S

4 g

AW E I3 T AR EE Zn FI La TR
ALPR R ARG B 24 R IR R M S R, A
AR DGR (5B B B | 0 P S
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1 La JCZE AL PR L K5 BE 22 mF A0 4% 4 T ot 1 %)
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Ab B (1R) 2 5% BRE 2 v v 4 e g OB R A
BN FIFREE RGN, WA R B X 5 Zn
La JCZ b5 4185 5 2% ib v i A 6 0 5 5 0H b
WL, MRS R AR I R AR R
A, ARIWE Zn, La JTRACBR A EHT
A DGR A P N S 5 2 RS B S o R e
XA R B n, Zn Al La JUR & A 8
A MR TEYE, & 40 Zn A0 La JCEWRE,
DUJ 25 R 7 4 1o A4 A0 SIS 40 o Bt A ok Ll P 24 &
PR o A Bl R, TR R B S R R R MR
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