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ABSTRACT: Objective To analyze the difference of aroma components between large leaf and small leaf
Rosmarinus officinalis, and establish a method for discriminating them. Methods The headspace solid-phase
microextraction (HS-SPME) conditions were optimized by mixed level uniform experiment. The optimal conditions
of HS-SPME were determined by quadratic polynomial stepwise regression analysis. The aroma compounds of large
leaf and small leaf Rosmarinus officinalis were analyzed by gas chromatography-mass spectrometry (GC-MS). The
aroma components of different Rosmarinus officinalis were analyzed by partial least squares-discriminate analysis
(PLS-DA). Results The optimum conditions of HS-SPME were sodium chloride solution with 10.0% saturation,

equilibration time of 13.0 min, extraction time of 42.0 min, liquid loading of 3.2 mL and extraction temperature of
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80.0°C. One hundred and twenty-three kinds of volatile compounds were detected by GC-MS, including 11 kinds of
esters, 22 kinds of alkenes, 8 kinds of alkanes, 3 kinds of acids, 20 kinds of aldehydes and ketones, 39 kinds of

alcohols, 2 kinds of ethers, 5 kinds of phenols, 9 kinds of aromatic hydrocarbons and 4 kinds of other substances.

Ninety-one kinds of substances were detected in large leaf Rosmarinus officinalis and 86 kinds of substances were

detected in small leaf Rosmarinus officinalis. PLS-DA model was established based on the relative content of

Rosmarinus officinalis aroma components, which could distinguish large leaf and small leaf Rosmarinus officinalis.

Conclusion

The identification method of large leaf and small leaf Rosmarinus officinalis is successfully

established, and the difference of aroma components between large leaf and small leaf Rosmarinus officinalis is

analyzed, which provids a certain theoretical basis for the quality evaluation of Rosmarinus officinalis.

KEY WORDS: Rosmarinus officinalis; uniform experiment; partial least squares-discriminate analysis; headspace

solid-phase microextraction; gas chromatography-mass spectrometry
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1%L (Rosmarinus officinalis), W F PN, Jt—
FhRIRFE R, [RIERIG N, BAWE R, il
Bl RN BT EALER, EIbRT i AT RS SUR,
HIEH 2 A e s A E S et JaEn, K
MK RN R R R T R LA, B, =
HITEA AR 22000, AN 5 7 A Y
N FABCRAS R (40, B b i ), mAR E AT
R PR | PUREYEA TR AR, (AR
SRR PR IR A IR R /N R R A, ORI TRk 3% T R A
Fo B, SRR/ N2k 6 AT SR S

AOM OB % RO #5 (gas  chromatography-mass
spectrometry, GC-MS) H. A S L 1) 43 2 Re 11 M L REH1, B
Tz AFERAER . & H TR B 2477 5 S8R,
2L A R4 R HOSSEINT 255158 FIF GC-MS
AT T AN X R A A T P 0 R . (FAE AR R
B 2807, FEAEBIARTR AL T HAE . TEs FA A
H(headspace solid-phase microextraction, HS-SPME)J&—#}r
SRRAE . ZEEL. HRAE . ERET AR JOUE AR S AL FR
A, HARCBB A AP . I i
2 kLAY B R SR 5 P10, TR IR VR (A B, BT R
b, by A H e, ik, HS-SPME %454
GC-MS HARC AT IZ T & 25 AR Rk
HIEREA N EI /T, TIGRINE-KORDJANT #1417
FH HS-SPME FIGH 4l B Z& 1R 40 A 1 AN [R))7 Mk 3 75 1)
SY . MENA Z51S5R ) HS-SPME 437 ik 1 75 19 7 Uik
gr, KT 63 Mg R MRSy . (HJE, A SCHAXT k%
BFHES A AT HS-SPME FEIRHF, & # &t 25
HS-SPME 1044k, BTk FZE A 220050, 45 5k
Z ATt R B A A BUSCR, W% HS-SPME A6
ARSI T . SRS T2 HE 2K
BRI T, ANMERE R Guih 2 5 g R R NI 25 R s

Wi, A A HR A% I 00 DR 28 9 EE SR A TR ), i FLAH B
TFIEASIRIO | WEHE E ATk . WL T A3 BT, BT
TR AT LR IR0 OB /D 1) S 44 T AR UE IS T 3R P AU
A EEAR LT, BRI B, I REAR B
HS-SPME ZEBUS A4 . BRIk, ASBSR R 4 S 10 5 i
1Ak HS-SPME RYACIBURAT, FEx5 4 5B g Bt #0147
“REHZE A BT, RAMEALIE ) HS-SPME 2%
#HL, GC-MS Ry K I-F /N ik gk A eh A S s, TR
B /N T3 - F) 5§ 4> Mt (partial least squares-discriminate
analysis, PLS-DA)/;HT K 28 3% 75 Al /N 28 35 B B SUBUE,
R A R A FRAR AL TE 2 SR AT AT PR B 1k

1 MRERE

1.1 MR5RF

AN R R T (B M T A R B 2 A R
Hl); JOOK SEEGrBral, KT L Ak 2 R A B |,
C6~C10 Jz C8~C40 IEMLelR(taskali, B R IMFHIA A
al); EAREIO P e, 2R 2E R BRA R .
1.2 UFE5EE

7890B-7000C S AH (233 -5t 33 156 FH X . HP-5MS £ 3
BB (60 mx0.25 mm, 0.25 pm)(3E E ZHEL A F);
R SR/ = 2 R (polydimethylsiloxane/
divinylbenzene, PDMS/DVB)¥FI 2 B3k (65 pum, FEE ik
B, BSAI24S HFRV-(FE B 0.1 mg, fREFEZFIA
A]); Min-Q B4l /KHL(FE E B /A Fl); DFT-200C = 7 g
AL A A R D
1.3 REHE
1.3.1 HSarad

FREL 0.2 g RIEFFEMSET 15 mL Tizs dhREHA, Jin
AMLFIE N 40% 0 AL S o PRt E] 40 min . W
BF(A] 24 min B4 4.1 mL, WHHEEE 250°CTT f# W ff 3 min,
# GC-MS 437 .
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1.32 354 X¥# 1 HS-SPME 41

TER T DL A A X, (10%~100%) . Pt
(8] X, (13~40 min). WZFFAFIEIPOX; (15~42min). 2ERE X,
(2.3~5.0 mL)FIZFFHELE X521 (40~80°C), 1R RHHERIHE,
PSR (Y) b g 4ntriz it 4550 . FIFH DSP 9.1 i1t
AT U (10°%5"Y B 518 1k HS-SPME 4kf4. #5)
WITHEEAERLE 1.

®1 HERBRAIGRIREEESRERES
Table 1 Optimize the extraction condition of aroma compounds
from Rosmarinus officinalis by the uniform experiment

F AN T &

ikl X, X, X; X, Xs
/% /min /min /mL /°C

1 40 40 24 4.1 40
2 90 28 36 5.0 50
3 60 37 39 2.6 70
4 10 31 30 44 80
5 80 34 15 3.5 60
6 50 16 18 4.7 70
7 100 22 27 2.9 80
8 30 19 42 3.8 60
9 70 13 33 32 40
10 20 25 21 2.3 50

1.3.3 GC-MS 4%

GC-MS £/ 84 @A%<, H#E: 1 mL/min; 3
CREE: 250°C; FHERY: W 42°C. AFF 4 min, DL
4°C/min F+Z 120°C, Ll 3°C/min F+ = 250°C, £+ 7 min,

JRRE SR B TFURAEHY: T2 8 (electron impaction
source, EI); #5FURIELE: 230°C; HLFRELE: 70 eV; PUZATIR
JE:150°C; JFRHHVE F: 50~700 amu/si?!,

13.4 BERHMWEMHZ KT E

FIFH GC-MS i) NIST14 &% 15 Bk E A 146 %
oA, BARRIERT 70%M&9, HEb e
B 458 (retention index, RDFFFICHRF I RI A HL#,
B Je R A e i e T ARUH — Ik e B . RL A0
I
R = Riwy
Rt(n+1) — M)
I, Ry B4 HT Y T A B8 B E] (min); Ry 5 BESMHT
FLA A T e D~ 50 1) TE A8 e e 1 O B BF ] (min); - Ry 2
S EAWHMIZ | AT BOE R bk (7 52 B8] (min) .
1.4 HIEAIE

f#F Origin 2021 HIFEIE R, KtF/N 2k
LAFESEE R 5 . il DSP 9.1 Gl ikt 4
i [\ 30 f T SIMCA-P14.1 81X AR [l i ik 7
GC-MS it #:47 PLS-DA 4347126,

RI = ( + n) x 100 (€8]

2 EREHR

2.1 HENHRRER O

R DPS 9.1 Bl Ak BUARF A R & K F3 2) Btk
U (10" YA 53R 5, bz 0.1787, %
BT A TR /K B A B R TR A R SR, BT Rk
AT IRER A I A K B AT A B ST B AR A R NS 2 P
DAUATH 0 24 1 7 085 P 02 DA TR BRL(Y) o H b R, AR B P 7%
(IROK P2 ST B R B, T DPS Bk Fi 28 5 %) Hok
11 =k 2 TE A BE 34, 4550 EE 5 R

Y=-1856717636.07652864-8784174.3023953X,+37219

821.30275247X,+8413323.4071353X5+98808517.46411064.X5
—390646.547005X,X,-508900.408242X5X5-372002.939494X, X5

o B iz B F2, EAHOC R AL =0.9999, B E MK
I F=2137.47, % 3% K ¥ P=0.0005, | 4 b5 it 2
$=12729118.65, 4% 5 A AH 3 R AL 1=0.9997, P REL
7=0.99987, HH _baRix s R AT, ok kAR & M A Y
VA TETFR S R R B UIAH DG, I i 25K P /T 0.01,
AU EYS W Ve 2 G S K =l =

[ )5 A e A 3 AR P A5 30 45 A IR 56 R A [l ) 35
FEAEH  KI(E, S5 W 3

*2 BIRBER

Table 2 Uniform experimental results

] x X X X, X; EIpA
H 1% /min /min /mL /°C /(mAus)
N1 40 40 24 4.1 40 1399797643
N2 90 28 36 5.0 50 1536166418
N3 60 37 39 2.6 70 2254734112
N4 10 31 30 4.4 80 2804872138
N5 80 34 15 3.5 60 1710744603
N6 50 16 18 4.7 70 2358223048
N7 100 22 27 2.9 80 2118702913
N8 30 19 42 3.8 60 2466523555
N9 70 13 33 3.2 40 1167617185

N10 20 25 21 2.3 50 2043873764

3 HEVFTREIFE RS

Table 3 Regression coefficient test of each regression item

(] 5 35 ELiES t P
HY, X)) ~0.9997 62.3739 0.0001
Y, X) 0.9861 8.4011 0.0035
MY, Xs) 0.9963 16.4697 0.0005
MY, Xs) 0.9989 29.7902 0.0001
MY, XoX3) ~0.9651 5.2089 0.0138
(Y, XsXs) ~0.9974 19.6363 0.0003
MY, XoX5) ~0.9914 10.7099 0.0017
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MRPER 3 AI%1, EHTRY X5 X X—HW L EAE
JH P<0.01, 158 B - Ak 1] 02 BT B2 79 52 A FH X ok ik A
T PEY) TR BURAA R K MR, 55 25K

FEABULINAE . BIAE . BIARZEME 4 R, B
Ferh Bl T LAE LA B B A E, SR R iR 2 4%
B2 10082475.6510, SULMME JUAEAHLL, 5 AR 1%,
0 — A W [ U5 R A LA AR AT

. BREHINS SR

F/N R, B2, BR2S . M S
{RTF /N R IE T R RN, (Ehe2s | BERZS & T/ 2k
EFZIERIG W2s, FHEERGE S/ EFA .
£5 REBRBABESRS GC-MS LR

Table 5 Analysis results of some aroma components in
Rosmarinus officinalis by GC-MS

*=4

HIAMBE. MEEMUEIRE

Table 4 Observed value, fitted value and fitted error
of the samples

A BURIIEIEN MEHE AR
1 1399797643.0000  1400488872.6878  —691229.6878
2 1536166418.0000  1538845160.2988 —2678742.2988
3 2254734112.0000 2246186392.8224  8547719.1777
4 2804872138.0000 2811394946.2617 —6522808.2617
5 1710744603.0000 1718218368.4023 —7473765.4023
6 2358223048.0000  2357366024.8111 857023.1889
7 2118702913.0000 2114781416.4568 3921496.5432
8 2466523555.0000 2471656146.3868 —5132591.3868
9 1167617185.0000  1168526762.5234  —-909577.5234
10 2043873764.0000 2033791288.3490 10082475.6510

2.2 REFRFHAFUNFLEIE

Wit DPS BAFEE b 2R Ge xR 50 B R4 7 =10 43
Br, 153 HS-SPME $2IK 1% 7 16 M B3 1 B FE 2R T2 4,
B R TR AR, ARG WA 10.0%A9 S ki
. PSR 13.0 min, 2T 42.0 min, SALEN
RSN 3.2 mL, ZEBUEFE A 80.0°C.

IRUEW], P A5 Jr ZE45 31 0 g va B 45 S 5 7
IR, G, SR PIGAL HS-SPME #E M4 AT A M- 2K 2 75
FUINH A1 X 5
23 KMHF/NHRERESHES T

Wil GC-MS MBI R4 R R 5, Rk ik
FrF/NOE AR i HP IR Y 123 RSN S, AfE 11
PR EY . 22 FMESMLEY) . 8 Pt b &Y. 3 T
FAEY . 20 FIEERSEALG Y. 39 FhEEILAY . 2 Pk
KB, 5 MERILAY . 9 RS ERILAEY . 4 FliHAD
&Y. R EEF PRI o1 R, /N kT s
I 86 FhITT; Mk g T Al /IN o 6 e A2 TR I 2 1Y
AFX B i 22 S I A L Kk A P AT 4B L a- KT
PRSI . 3-BEN . TR BAEEE. BRI
o-FATIEE | FEREEE RS SL-4-E N RRIETE R R 3-
B AR . TRIME R . EE . BhA IR . &
SPWE. PR . AOTEE . o-FATHEE . DFRREE . SR -4
3-JATEE-6-H R FTR ST, IR 1 FiR, KRR A M

ETR= LY/l RI P NS
S
2 37-=RE26-— 1554 . 13.96+0.69
TRER 2.1 B
8 SREFITIR g 1613 2.33+0.15  5.36+0.40
1,7,7- = IRBOR S IR £ —
11 FA k- XA 2.2.1] 1275 35.96x1.50 25.08+1.12
Pili-2-F5
e
12 4-EE g 999  16.33+0.55  3.47+0.19
15 a-7K Frifs 996  15.06+£0.49  3.58+0.20
17 DR /N 1052 7.05£0.31  2.71£0.11
19 15,9,0- T -1,4,7- 1498 72.21+1.68 14.32%0.56
2 o '
1s,4R,7R, 1 1R-8-32 Jk
20 1,347 T A =3 1605  2.43£0.09  6.24+0.24
[5.3.1.0(4,11)] F— ' ' ' ’
ot I 20
21 ZHIERURAOL | o) 46236121 8.56:0.54
JE-1(6)-%%
23 3-E5 M 1008 99.65+2.31 37.15+4.67
25 A1 R O 967  2.51+0.10  6.39+0.29
WHR[3.1.0]1C 4 ' '
gg  EMIEAGIRL o 04 136£0.00
PRI b
30 - -4-(1-H AR 1081 10.64+£0.46  6.09£0.20
I T
31 hTmE-1-EARY 1283 11.09+023  4.75+2.37
32 SR THE-9(11),15-"0% 1908 12.47+0.77  2.47+0.14
Bife
40 2-WHR-4,8,8-= 1 B4 1410 2.78£0.19 10.75+19.61
IR IEIUFR[5.2.0] -4t R ’ ’
41 R E iR 1025 - 11.06+0.91
T2
47 2,6,6- = ILBUR(3 2,018 1109  5.1740.28  3.3+0.38
Fe-2-975- 71 T o
so  SMERG(LHIREL 030 11454032
FH)-2-¥R - 1-F
4,6,6- = H FL B 3E-3-075
58 i 1186 58.53+1.27 164.96+26.19
59 2,6,6-= H TR 1143 0.90£0.05  5.22+0.49
[3.1.1]5%k¢-3-Ti T
70 T I 1373 2.74£0.21 23.71+0.54
S




55 22 1 PR, S5 SIS PSR AT R AN 2R SR S 7327
=58 2.4 KKK EF/NHRIEE RS RER D ZRE
i Y% RI Kt NG FI A 53 4
71 3-HIE-4- SN EOREY 1263 5.2040.11  4.83+0.55 T G M R R R S RN K v, LRk
72 T & 1336 5.7820.16 - B R A AT & B Xp A5 6L, Rl Yp AEBE(SY
74 2-$g-5§§gag) 1280 7.65+0.56 JAREE), #E3 PLS-DA BB, Bz PLS-DA AR 2
A ERB AT VSRR 91.7%M AR &, BRGNS )
75 EEL) 1271 2.13+0.19  6.62+0.48 . e e P
_— WA Bt R A LR 2) 0 DABE — o SR — F2 Al i
Q/\/\f\ AN = > fb \/'El/ AN
76 B4t mE 1182 4.4%0.09 12.23+1.08 J’U‘Dﬁ% L BRI R AL EL%E‘/JH)}@(@ 3), 10 %%
7R A4, 10-— I 71 FRESLAHUEAE 95% M B AR XA PN, N [a] S Rh ) 2k 2%
78 B Rt 1701 26.72+1.58 R B RS, RAI A S, TR
11,11-— W JE-4,8-— 7 H PLS-DA HFY AL X I 2 3% 7 F/INH 2R S 740250 fh
83 1652 9.54+0.12
BRI 2.07 -3 [ 3 ST i, A% B RN 7 T BLE Y 1
93 2’2’4':'5}3?;%&%'1' 1211 22.1320.78 F B 3 X 4y
b \ ¥ 2y _ 2 _
7.7 A — P L PLS-DA MEBAIIG S R°Y = 1, 0°=0.99, 4
9 oo 153 0137009 83894255 by 400 RASHISE LRIERIE(E 3), R Q7Y Y Bk
oy AMLO-FEZID. 6502 53 5N R? = 0.687, OF=0.109), £WHi% PLS-DA Ji 5
BUR[3.1.0] 2 -3- o RIRTFAE IS FE LA B4 P82 45 L @R, PLS-DA #RIA] L)
101 T 1213 6.76£0.19  9.07+0.79 AU A A3 1 T /N SR L 7, 1T TS5 S R
2S5 H R
104 2 A O 1198 10.240.42 Jd
105 Lisliibin 1023 220.05+3.32 100.66+4.93
108 B 1239 4.84£0.16 74.08+3.16 ‘3‘ i
110 oA 1174 50.46=1.11 56.38+2.27 5L
111 ey 1089  12.27£0.45  29.78+0.53 fg 1L ODY-1
112 il it -4 - 1161  23.61£0.09 21.93+0.72 W 0 gz;ﬁ DY-5
114 1,7,7-ZHIEBRGE-2-M] 1152 81.8241.07  40.04+1.24 @l “Opy3
B M
116 3-NIE-6-HAIERE 1351 13.39+1.52 b
VAR A Kk RN 2 A R S% ™
PUF B RS H o PRI
60 - [__Jknt kit Yz DY Rk A XY /i
U/ K2 PLS-DA REHIRE N 43
Fig.2 PLS-DA model samples score plot
50 + _}7‘
HRUE: R=(0.0, 0.687), 0>=(0.0, 0.109) L2
e
40 +
1.0 —
S - 08| __.----"‘""_-- e =
Elﬂ 30 + Lo
Al — L o
S 0.6 -
20 - & 04F -
0.2+ ///; B
10 | % 0 u
_PArpal Y= 02 S ' | '
0 202 0 02 04 06 08 1.0
FEK W bk M MERRS UMb ik mh2 Bk R R
e
B3 ki FEHEAY) PLS-DA &8 X HGIELE R
[ NP v S et a3 e

Fig.1

Volatile compounds of the different Rosmarinus officinalis

Fig.3 PLS-DA cross-validation results of volatile components in
Rosmarinus officinalis
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PLS-DA 7f i ® % % [ F (variable importance in
projection, VIP){H FJ DA% 4k 55> A5 2 X A i 43 25 9 BT R,
VIP HMOK, ABRAEFR R STk, A VIP>1
(7 i AR ) T SRR R AT IRIGZE AT, A 94
NESHS VIP>1, HElh . R 3-8 . MR
VER DX A3 R 2R R B /N 4 2 I T AE AR R 5

25 FREREBELMRSBLESH

ST B JR 7R R I AR AN [ 2K 3 A 1) 43 AT R
A, XPREIE] 123 g &k R T TR T (B 4), 2551
BoR, KM RIEF PR . 3-8 . 1,7,7-= H 5B hi-2-
fi . 1,5,9,9-PUH 5E-1,4,7,-3F+ 2 b =05 . 1,7,7- = REBOR
PR - XUFR[2.2. 11 B -2 | 4,6,6-— H KL B -3 -0 -2- ] | ar-
FAVHEE . 2-FF ZEBUAR[4.3.0)E-1(6)-Hi . i fdis-4-1% . 4-%
WL a- K . SR -9(1),15- 0 . D5 R A
/NI EF T 4,6,6- = L PEEE-3-0A -2 . REIRAE L 1,7,7-
ORI DR [2.2. 1) B2 A B o-FATHERE
1,7,7-= B PRke-2-F . 3-85#s . JFRREE . 7-R R4, 10-
T IR b5 EE L 1,7,7- = IRBRREE R £h — k-
MR [2.2. 1] BEke-2-15 . T FF i FH sk | 2,2,4- = BE-3-FR )%

- 1- LT T Al A -4- 5 R o X SR R R X AN )
WA TR LY T, LW R 1 R Y A B
ZEFFRHIE . U 4 R RIS MR I ik 15 A A/ ik ik
2251, 105 SRR 108 5 (I fE R 2k ik 7y
/NI A 2 A R A 5 2 S A, AT R S Xk
PEIE A T/ N B IE R B IC Y o

3 &

AR A SRR R T HS-SPME ZEHUR
1, BAEABEAF N NaCLIE I A 10.0% ., st a) A
13.0 min, ZEHUNE]N 42.0 min, 2N 3.2 mL, AHL
MR 80.0°C, ZMAT 1 KRR 2 5 R/ N2 306 B 4 2 M A
g5, GERRIRM R LRSS . BRISAHNT & &t T/t
LA, B ERYS. MR T RIRT /N IR RO,
AgE2E | BEERZE S ST/ R i 2 A 2k, O
TR RS/ R EF AT . @il PLS-DA 0] LXK
2R A /N R R, ARG, AR AT DR XK
2R %A AN 2RI B TR IC Y . AR R A BT
FE R IET A LR, AR R 22 78 /N 2 32 7 1Y) 1 AL
RER, BTk LR
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Fiio 32.00

105 8.00
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— N [sel w < —

> > > > > >

A A A A (=] =
EEELEN
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P 4 ASIR] R IE T FR W B A ] SR 2 T (N A B AP S5 ) B 123 T4 R M ) B 5 T D)
Fig.4 Heatmap and cluster of volatile components in the different Rosmarinus officinalis (values in ordinate correspond to number of
the detected 123 volatile substances)
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