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Abstract: Objective To establish a GC-MS fingerprint of volatile oil from Nardostachys jatamansi, combined with chemical pattern

recognition to screen its differential markers, and study its antibacterial activity, providing a reference for the quality evaluation and
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application of volatile oil from N. jatamansi. Methods GC-MS was used to identify the chemical components of the volatile oil from
N. jatamansi and establish a fingerprint; Differential markers were selected through similarity evaluation, cluster analysis, principal
component analysis, and orthogonal partial least squares discriminant analysis; The antibacterial activity was evaluated by Oxford Cup
method. Results A total of 33 chemical components were identified in the volatile oil of N. jatamansi, and a fingerprint of the volatile
oil of N. jatamansi was established. A total of 15 common peaks were calibrated, with a similarity of 0.936 to 0.994. The volatile oil
of N. jatamansi from different regions was divided into four categories through cluster analysis. The results of principal component
analysis and cluster analysis were basically the same. Through comprehensive analysis, calarene, patchouli alcohol, f-maaliene,
aristolone, maalialcohol, and aristolene alkene can be used as differential markers for the volatile oil of N. jatamansi; The volatile oil
of N. jatamansi had obvious antibacterial effect on Trichophyton rubrum, Trichophyton mentagrophytes, Porphyromonas gingivalis,
Helicobacter pylori and Streptococcus pneumoniae. The minimum inhibitory concentration was 0.4%, 0.8%, 3.1%, 1.6%, and 6.25%,
respectively. Conclusion Using fingerprint combined with chemical pattern recognition technology can quickly and effectively screen
the differential markers of volatile oil of N. jatamansi, and the volatile oil of N. jatamansi has good antibacterial activity. This study
lays a material foundation for the comprehensive development and utilization of N. jatamansi resources and the establishment of quality
standards for the volatile oil.

Key Words: volatile oil of Nardostachys jatamansi (D. Don) DC.; GC-MS; fingerprin; chemical pattern recognition; differential

markers; antimicrobial; calarene; patchouli alcohol; B-maaliene; aristolone; maalialcohol; aristolene alkene
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Table 1 Information of samples

Hikel KR E ZREIE ZiEEIN HFHRim R ]

S1 DU 148 H F0 00 L 9949"12" 29%0'38" 3680  2019-11-29
S2 DY 1148 RT3 21 5 L TR VR 4 102°35'00" 32°50'07" 3490 2019-11-29
S3 VU )1 45 BT S0P &1 Ji EL TSR 5 102°35'00" 32°50'07" 3490 2019-11-29
S4 VU1 45 BT S0 21 Ji EL TSR 102°35'01" 32°50'08" 3491 2019-11-29
S5 VU1 45 BT S0P 21 Ji EL TSR 102°35'02" 32°50'09" 3492 2019-11-29
S6 VU1 45 BT S0 21 Ji EL TSR 102°35'03" 32°50'10" 3493 2019-11-29
S7 VY 1148 BAr 3 21 S LB R & 102244'10" 32%520” 3560 2020-05-21
S8 DU 1144 BT 21 o 2 B 22 R e DA 102°27'06" 32°44'52" 3561  2020-05-21
S9 DU 1] A BT 300 2T JiR EL BT A 2 ug LAY 102°44'11" 32°5524" 3560  2020-05-21
S10 DU 1|4 ] HUPH 21 S L3 3 & i — A 102°49'05" 33°0424" 3610  2020-05-21
S11 DY 1148 BRI 25 /R a5 B e sk ) 102°37'18" 33°26"24" 3503  2020-05-21
S12 VY1148 BRI 25 R 5 B BE A 22 F A 103°03"22" 33°29'02" 3484  2020-05-21
S13 U148 BT 25 7R 55 B BE A 2 oK 75 BERE A 103°08'55" 33°22'46" 3548  2020-05-21
S14  HiFHEmM M E AT T 101°49'36" 34°36'12" 3610  2020-05-21
S15 HEE RSN TG BB H I 2 EH LA 101°16'58" 33°23'36" 3930  2020-05-21
S16 HilFE RSN ABERITHMK S 101°02'41" 33°25'59" 4130 2020-05-21
S17 R N S i B R R 101°45724" 34°03'45" 3430  2020-05-21
S18 R4 N 3 B R B R A 101°55'05" 33°5306" 3520 2020-05-21
S19 VT UY )14 BAT LN AT 40 102<11'07" 333025" 3500  2020-08-14
S20 RA[IUPH 21 )5 AR = A IR 54T =] $ it 10254'05" 327991" 3420  2020-08-02
s21 BRI 21 )5 AR =0 IR AT = $ it 10254'05" 327991" 3420  2020-08-07
S22 BRI 21 )5 AR =0 R AT = $ it 10254'05" 327991" 3420  2020-08-15
S23 B[P 21 J5 AR =0 IR B4 2 =] $ it 102%54'05" 3279'91" 3420  2020-08-21
S24 B[P 21 J5 AR =0 IR B AT 2 =] $ it 102 %4'05" 3279'91" 3420  2020-09-05
S25 B[P 21 J5 AR =0 IR B AT 2 =] $ it 102 %4'05" 3279'91" 3420  2020-09-07
S26 B[P 21 J5 AR =0 IR B AT 2 =] $ it 102 %4'05" 3279'91" 3420  2020-09-09
S27 BRI 21 )5 AR =0 IR AT = $e it 10254'05" 3279'91" 3420  2020-10-18
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/min FHEF] 280 C (fRFF Smin); HEFEE N 1L,
Sritt (10 0 1) #EFE; IEFEIR N A] 2 mine EI A

SR BEIEE N 280 C; HATFRER 70eV; ET
PRI 230 C; R ETEH m/z 50~500.
2.3 HiXEARNEIE

R AR 100 uL,  IINIE CObeisfi,
SEARZR 100mL SR, R85, JEd, SR, BT,
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Fig.1 GC-MS total ion flow diagram of volatile oil of V. jatamansi
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Table 2 Qualitative analysis results of chemical components in volatile oil of V. jatamansi

Gl At CAS AT teimin
1 B-IE AN 514-51-2 CisHas 7.17
2 cyclohexane 515-13-9 CisHas 7.90
3 BDEME 489-29-2 CisHos 8.54
4 HER 6831-16-9 CisHa 8.75
5  1,1,7,7Ta-tetramethyl-1a,2,6,7,7a, 7b-hexahydro-1H-cyclopropa[a]naphthalene 154098-14-3 CisHaz 9.02
6 KEHE 17334-55-3 CisHas 9.15
7 selina-3,7(11)-diene 6813-21-4 CisHas 9.27
8 seychellene 20085-93-2 CisHas 9.51
9 valerena-4,7(11)-diene 351222-66-7 CisHas 9.82
10 1H-3a,7-methanoazulene2,3,6,7,8,8a-hexahydrol,4,9,9-tetramethyl-(1a,3ac,70,8ap)-adendrene 20071-49-2 CisHas 9.98
11 alloaromadendrene 25246-27-9 CisHas 9.99
12 trans-B-lonone 79-77-6 CisHoO  10.68
13 1H-cyclopropa[a]naphthalene 20071-49-2 CisHa 11.14
VS il N 3691-12-1 CisHas 1128
15 S-BAIKNE 3691-11-0 CasHas 1148
16 o-SHEME 489-28-1 CisHas 12.02
17 S-EERING 483-76-1 CisHas 12.12
18 megastigma-4,6(E),8(2)-triene 71186-24-8 CisHoO  13.02
19 selin-6-en-4o-ol 118173 CisHxO  13.16
20 (1aR,3aS,7S,7aS,7hR)-1,1,3a,7-tetrathyldecahydro-1H-cyclopropa[a]naphthalen-7-ol 527-90-2 CisHxO 1347
21 1H-cycloprop[e]azulen-7-ol 6750-60-3 CisHuO  13.76
22 kR 489-41-8 CisHsO 1392
23 T-tetracyclo[6.2.1.0(3.8)0(3.9)]undecanol 4,4,11,11-tetramethyl-acryladehyde 74842-43-6 CisHuO 1443
24 benzene 61142-76-5 CiaHis 14.62
25 (—)-spathulenol 77171-55-2 CisHuO 1543
26 B-BAIAKK 88-84-6 CisHas 15.94
21 ANEE 5986-55-0 CisHs0  16.12
28 ledene oxide-(11) 159367 CisHuO  16.27
29 (1aR,7R,7aR,7hS)-(+)-1a,2,3,5,6,7,7a,7Th-octahydro-1,1,7, 7a-teramethyl-1hcyclopropa[a]naphthalen-3-one 114339-93-4 CisH20  16.63
30 trans-valerenyl acetate 101527-74-6 CiHx%02  17.40
31 (E)-3-((4S,7R,7aR)-3,7-dimethyl-2,4,5,6,7,7a-hexahydro-1H-inden-4-yl)-2-methylacryladehyde 4176-16-3 CisH20 1820
R LRRE 6831-17-0 CisHzO 1987
33 (2aS,3aR,5aS,9bR)-2a,5a,9-trimethyl-2a,4,5,5a,6,7,8,9b-octahydro 352457-43-3 CisH2202  20.27
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B R,

252 EEMEEE B H R R 46l

(S19), #% “2.37 iR HiEMH& 6 Al fis il
& “2.27 TR GC-MS Kl & A4FdEFE, LA EME (4
S RSRRIE (S), THESILA MR AT R B
[) 5 AU T AR o A8 SHE A U (R X P B IS TR RTAE G
T AN RSD {H /N T 2%, RPAE LM RLT,

253 faEtEHE L R — H R A AR
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REPHN RS (2012.1 WA 7, FE#EATARIARE VEAT

1930 27 SCHAAE R MR SUERE, LA 2. 4R i
7890A/5975C AL T 15 HH&H 22 NIST17.L £
R, e 27 #UHIAE RS REOME R,

WA 15 ANEE R, W 3, 25N BT B (1),
B-LHE (2). TYIEIE (3). HEMW (4. TEEME
(5 B-EF2H (6). a-TAIAME (7). -BAIKNE
(8). S-FEE MM (9). LB (10). 1H-
cycloprop[elazulen-7-ol (11). WEAZEE (12). B-ELAIA
Wi (13). BKERE (14). DY (15). 4 S150%
AR, W5 BIERT, Wukst 4 SWEn Bl
(calarene) AZMEIE (S), THHEIAT AN (R B[R]
RSD ST 0.5%, (HIAIEAIET Y 16.02%~
105.79%, ZRBK, R 27 HLHIMERIMFERF 15
MNEH R 2 A& BRI, UL S19 NSRS, 4
J§ 27 CHAME R IR SUEE, 27 HERAAME R MR
54 0.932~0.994, AHAEERIRT 0.900, BEHIANEIHAA
PRGNS e, ARV LR 3.
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Fig.2 Fingerprint of volatile oil of N. jatamansi
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1B BT 25T A 3T A1 BN STREN: 6B A T AR S-S EAIAKE: 95 BB A 10-DHIRE: 11-15-

cycloprop[eJazulen-7-ol; 12-8EFEEF; 13-B-EAIANM; 14-HKZRE; 15-

SRR o

1-B-patchoulene; 2-f-maaliene; 3-aristolene; 4-calarene; 5-seychellene; 6-B-ionone; 7-a-guaiene; 8-5-guaiene; 9-d-cadinene; 10-maalialcohol; 11-1H-

cycloprop[e]azulen-7-ol; 12-(—)-globulol; 13-B-guaiene; 14-patchouli alcohol; 15-aristolone.

3 HWELMIHS

Fig.3 Common components of volatile oil of N. jatamansi
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Table 3 Similarity evaluation results of 27 batches of

volatile oil of V. jatamansi

Gi's  AMRUE | w5 MRUEZ | S MUE

S1 0.984 S10 0.988 S19 0.936
S2 0.990 S11 0.964 S20 0.985
S3 0.982 S12 0.948 S21 0.946
S4 0.982 S13 0.967 S22 0.986
S5 0.978 S14 0.975 S23 0.983
S6 0.994 S15 0.932 S24 0.990
S7 0.983 S16 0.968 S25 0.968
S8 0.989 S17 0.946 S26 0.945
S9 0.993 S18 0.965 S27 0.988

2.6 ETHFRXIRFISEHRZEL BT

2.6.1 EZEHHr (cluster analysis, CA)  FlH
SPSS.26.0 #AF LA H FAFE A AR S0 B AR 2 1 15
AN GG TAUAAR B, X 27 HEH AR R %L
AT CA, RAARERNREI TS, IHONRE
an[A) R B EAT CA, S5 AL UL 4. 240 KEEES 15 I,
R 27 HEHATE R MR SRR Oy 4 2%, Hidr ST R
RN —IE, A& 27 HOAE R E—= E U AH
SR 6 M I HAA 254 S2~S13 BA—2K, X 12
HEH FA 2504 35 7= B WU JE % H IR M s S14~
S19 BA—2, Hrh S14~S16 77 B H 4 F M
TR BRI R M AR B, S17 A1 S18 ¥7F | H
BH MG E, HAT S19 7= 1 1] 48 il 490 58 e

0 5 10 15 20 25
S20 1 1 1 1

S22
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]
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4 27 EHMRELBRIESHRNKE
Fig. 4 Dendrogram of cluster analysis of 27 batches of

volatile oil of V. jatamansi

FREARMNBTHIE; S20~827 BAN—2%, H¥NE
7= TR 21 J5 R AR =0 FR AT 2 I I H FA T K
=

2.6.2 FE 544 (principal component analysis,
PCA) K SPSS.26.0 X 27 ftHFATE A 1
15 AN WU TR RS AT B AR UE A AL ], THEAH O
RECRATHERE . FRAEER BT 7 ZoTwkR, 45RE
78 KMO {4 0.822>>0.5, T &A BB
DA ORI > 1 e Bbnite, $EHUS 3] 2 A F
sy (L1 AT L2), ER R T ZTTEkE N
92.224%, RN 4, Hem K BEHFAYE A IMEE i
HEEMELR, DERSHETFERESH AR FEA
K, WK S, giRBRRHEER SR 2 A FERG B
FHIRERE R, BEHIFTHREUT 2 AN 32 pisy mT UK
T2 P AR R AA A b R A o B AR iR . TR G PT
X2 A FERAE AR M Fa bR . WILG
TFEATHERE, WK S, KT IEACHER:, Wk )a

R4 FHHERRRFETTE

Table4 Eigenvalue and cumulative variance contribution rate

i VIARHE
77 N RS
FHIEE  HETTEREY% R ETERE%
L1 10.370 69.130 69.130
L2 3.464 23.094 92.224
12
10
8
=4
£ 4
2
0 ——
0 5 10 15
HIRCE
Es5 2XEFEAE
Fig. 5 Common factor gravel map
RS MREFHEER
Table 5 Initial factor load matrix
B B
HA I S —— 2
A — 7 WA — 7 7
1 0.668 0.569 9 0.796 0.153
2 0.755 0.640 10 0.857 -0.501
3 0.754 0.639 11 0.842 —-0.522
4 0.886 0.425 12 0.880 —0.459
5 0.921 0.327 13 0.827 -0.531
6 0927 -0.278 14 0.797 -0.584
7 0.902 0.386 15 0.743 -0.529
8 0.869 0.386
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RN 15 DMLH R E 2 A TR e 5
B, B 7 AR R oIk ok, HAE%HE
R 12 J 4 AE TR SE A it [X 20 R IRV E RO o B fir
FEREARE T 1 FEEERA 4 918AE
Wiy 5 FUWEPTHEM . 6 TUE B-H D 2. 7 514 o-1
BN 8 FUE S- WA 10 SIELHIRE. 11 =
& 1H-cycloprop[elazulen-7-ol. 12 5 U FZEEF 13
g B-AIAME, FRY 2 (ERFEERA 150 -
JUREEG . 2 Tl B-E ELUAAN 3 Sl SR, I
R4S E R AT, THE 2 NS, 24 E
R FRIER: L1=-0444X1—23 X,—0.232 X3+
0.212 X4+0.355 X5+0.38 Xs+0.276 X7+0.147 Xs—
0.107 Xo+0.102 X10+0.048 X1;+0.189 X12—0.004
X13—0.103 X14—0.263 Xi5. L2=0.345 X,+0.437 Yo+
0.435 X3+0.191 X3+0.113 X5+0.086 Xs+0.158 X7+
0.158 Xzg+0.024 Xo+0.275 X10+0.3 X11+0.232 Xin+

0.309 X13+0.373 X14+0.307 Xis. K5 27 i H A ER
THRE S S REAE AR UEAL, AR TR RiE R
R S5, B DUVREAS JE RS OGS B () T Rk
2 BRI B e DTk e 2 AN AR R
W ERD AR L 4=-0.246 X;—0.063 Xo—
0.065 X3+0.207 X4+0.63 X5+0.306 Xs+0.246 X7+
0.15 X3—0.074 Xo+0.145 X;0+0.111 X;;+0.2 X;o+
0.074 X13+0.016 X14—0.120 Xis. 2 DNERSE K
A EN IR 6, RIELEy, Hd S1 5
2914 fEr, TN —3; S2~S11. S13~S19,
S21 85 KT 11T 2.9, WM RN—3; S12.
S20. S22~827 f843/NF 1, AIRA—K, 5EHKH
e RRBAHE . IRIBLREE A, HAEBRR
AR UG AR AR RHBR R, W B 2G50 & BEARX & Bl

Al%N, S1 LIRS EfeE, S2~S11. S13~S19. S21
HERIRZ., S12. S20. S22~S27 FE Stk &5 -

®6 EIMANBINMEERED

Table 6 Principal component score and comprehensive score table

%5 L1735 L2735y B30y 4 95 L1135y L2734y 250 4
S1 0.798 7.353 2.914 1 S26 —0.168 3.639 1.421 15
S4 1.605 4.163 2.629 2 S2 0.922 2.758 1.409 16
S3 1.276 3.711 2.167 3 S9 0.749 2.584 1.387 17
S7 1.041 4541 2.159 4 S21 —0.162 3.363 1.325 18
S19 0.920 3.152 2.008 5 S11 0.627 3.032 1.307 19
S10 1.096 3.430 1.848 6 S13 0.506 2.142 1.228 20
S16 1.020 2711 1.822 7 S20 -0.271 2.759 0.974 21
S18 0.937 2.633 1.814 8 S25 —0.155 2.283 0.941 22
S6 0.939 3.295 1.746 9 S22 —0.246 2.633 0.926 23
S15 1.107 2.726 1.629 10 S27 —0.400 3.116 0.855 24
S5 0.636 3.425 1.546 11 S24 -0.211 1.912 0.743 25
S14 1.280 1.089 1.483 12 S23 —0.692 2.585 0.680 26
S17 0.793 2.360 1.480 13 S12 —0.423 2.635 0.458 27
S8 0.885 2.436 1.446 14

2.6.3 IEACwER/N —3fe-H 5 53 Corthogonal partial — ZESbrEN), Tkt 6 NZERFREY), XHRAERM

least squares discriminant analysis, OPLS-DA) N7
BB X AP AR A H N TR 7 R, #
27 fFEA 15 MBI T A SIMACI3.0 #ff
4T OPLS-DA J7iko#r, 37 OPLS-DA #7%, Il
K6, G80ER 27 fUH R E AR 4 2K, 5
RRAH LR T4 R 5, 454 OPLS-DA i
B Ay 5 B B M R {H (variable importance
projection, VIP) BEAT/3HT, LA VIP>1 kgt

FERIISCFREEE KON 4 S51% (B >14 S1E
(HAKEED >2 S0 (B-SHE) >15 T (G5
i) >10 g (L) >3 S (YR, Hxt
N VIP BN 1.717.1.689+1.461.1.147 F11.137,
W27, WHEHER (4 508, HKEFEE (14 S8,
B-Ty B (2 FUg). LA (15 FIg). D#iEE (10
S KEYRE (3 51 BAFFEHL HIAER
THHIZ SRS
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Fig. 6 OPLS-DA score plot of volatile oil of V. jatamansi
®T HRELBRZHS VIPE

Table 7 VIP values of each component of volatile oil of V.

Jjatamansi

(2= VIP{i e 5 VIP{H
4 1.718 12 0.723
14 1.689 13 0.648
2 1.461 5 0.456
15 1.147 6 0.455
10 1.137 7 0.297
3 1.006 8 0.199
11 0.977 9 0.046

2.7 HECEMMR

271 EREN S CPEZ) 2020 FHRV=
B — AR A NE W B R R R ATCC B s E
(https://www.atce.org/products/43504) .

2.7.2 BRI MG RN e FHITEE T 20% B
TR FRRE R EE Y 1 X 108CFU/mL AR Bl (F K
=2, Aeo=1)-

VAR R R IR e, R E 30 min.
RSP 4 X, FHAR RIS TE AR TR &
. HiaERMAIE KRR, ZImeH] % 2
(50%). 4 (25%). 8 (12.5%). 16 (6.25%). 32
(3.1%). 64 (1.6%). 12 (0.8%). 256 (0.4%).
512 (0.2%)+ 1024 (0.1%) 10 M. B NREAM
O 100 pL 253, BAYEZS M 100 L LR IEC
Bto TNFEFRFEHR R TRIE ST E]. SRR, (6
bR~ R e Bl 45 2R

SEREIR, HIAER AT 2 A SR . Sk
TN Ol PSRV P OPARGEEY 1. N =y
PR PRI B . AT TR AT B L A B R T
A RAME R, HEs /N IEIRE08 0.4%.
0.8%- 1.6%- 3.1%. 6.25%.

3 g

R N R R 2 Y, A6 TR
3 000~4 500 m VA PER ] AT RERTEE M B,
e gL S L RIKINKH R A0, T
HIAZM RGeS ER A, BIRCHER=Z, A
R E ARG AN, [N G T A Bl
VIR E BRE 5 ALY A (E 5K E AR B A
B Bk, R H A SRR 5 n] Fr 80 e e
JEBE. HAAE R M H AR SR 22 2 /K 2 A 2
FEHORMS —RIE RN FHI, BABE. k.
PUES 2 MG, TN TRE. B 5
&, mEENEE. JBIH/REEF . HEHEA S R
WIAETEA 22 AN T B 2 5838 B 35 ARk R 2%,
MY Lradg ). Nk, AuF7uEr
X H A RIAE P AL R R AFAE ), A2
SN ZERARED . TR E RS T T TR A,
IR R BV, AL R E T ITA R,
N e B DLH RA R R R JEORE 1) R B 7 T R B E
RS LA

TEGSLH AR GC-MS $R4 Bl iyt f
RGFHE T HIURIRE Va7 73 b il B ) s
GERRW. WIRIREAN 80 C. WAINIECKE. &
W 10 1By, SRR . B ERGF. 27 #tH
FAYE R MREfh R, SRR 75 N Eisy, EERS A
FHER (9.88%~32.76%), ledene oxide-(I) (0~
14.92%) FIRKZEREE (1.13%~13.28%) &, Hi27
HEHFAE KA 15 N IEE Y

CA 5 PCA SRR, AR F= b i) H a5 A
TEAC S 2H RO F ZE R 1 & & B REA AR SO
225V, SR FH OPLS-DA B8 VIP H i 1% i F EH |
HRKAEE, B-SHAE . DR SN &
I 2 H A R I 1) 22 S MR IR 2 e bn B . LR
B 8 B B E B A2 AR 15 2 0 1 32 B R
GyUBL ER A PUE R B AR 22 B
04, HMERE AR MEMER, BRART
WA TR BERT AR SIS B RIPER, IfTIE 2 i iy
I THETEAT B AR AR B 2 PRERIS18, EHfAHE R i
EEER. PLR PUEMINEIhRCE — e KB, 45
A A A R T i S0 R A R B A UG ) TR
AT, TEH A ER . AKEEE. - HEMA.
LU . SRR S S SR M VR A H A A I 1) 22
FAREY, NHAAE RS2 S PR B F B
S,
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IR (ARE G152 e 8 I MR AR,
VRIS I« e K, e 19, (rhE 2y
B8) 2020 FRRICEHIA “HNHE SR, B
VE RN, BLACHTE TR, S5 20 6 B e 1R A2
B B8 A 2 R ) AE DG 20220 IR R b b B
T RN R FENNAE, EREFHR. &
U % R SER R Ak kAR
R, MUK SR B S5 & H A FE Skt 2, 1B
EEWE. U8 TRE. RN S 7 R
U T IV IE R 7T, 45 SRR, B A
AT SR AR R P T ROR A, WAL
JBETR IR ERR TR . AR AR . e THR AT
B 2 EEER B A B AR R, SN TBEIRE 7
BN 0.4%. 0.8%. 1.6% 3.1%- 6.25%, AMUEAE
TN HEIT B MCFR7 IR, IR
RJ N a2 DLH AR 45 o o ORI R AR R 3R 81 7
VAN &N ERACI DR
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