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Analysis of Effect of Characteristic Processing with Rice-washed Water on
Volatile Components in Raw and Bran-fried Products of
Atractylodis Macrocephalae Rhizoma by HS-GC-MS
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[Abstract] Objective: By comparing the differences in composition and content of volatile components
between Atractylodis Macrocephalae Rhizoma (AMR) and bleaching AMR, bran-fried AMR and bran-fried
bleaching AMR, the effect of processing with rice-washed water on the volatile components in AMR and bran-
fried AMR were investigated. Method: Headspace gas chromatography-mass spectrometry (HS-GC-MS) was

used to determine the volatile components in raw products, bran-fried products and their processed products with
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rice-washed water. GC conditions were programmed temperature(starting temperature of 50 °C, rising to 140 °C
at 10 °C *min”, maintained for 5 min, then rising to 210 °C at 4 °C -min™) , splitting ratio of 10: 1, high purity
helium as the carrier gas and a solvent delay time of 3 min. MS conditions were an electron bombardment ion
source (EI) with an electron collision energy of 70 eV, ion source temperature of 230 °C , and the detection
range of m/z 20-650. The relative contents of the components were determined by the peak area normalization
method, the obtained sample data were subjected to principal component analysis(PCA) and orthogonal partial
least squares-discriminant analysis (OPLS-DA) by SIMCA 14.1 software, and the differential components of
AMR and bleaching AMR, and bran-fried AMR and bran-fried bleaching AMR were screened according to
variable importance in the projection( VIP) value>1 and P<0.05. Result: A total of 71 volatile components were
identified, including 53 in AMR, 50 in bleaching AMR, 51 in bran-fried AMR, and 44 in bran-fried bleaching
AMR. OPLS-DA results showed that there were significant differences between AMR and bleaching AMR, bran-
fried AMR and bran-fried bleaching AMR, but not between AMR samples from different origins. The compound
composition of AMR and bleaching AMR, bran-fried AMR and bran-fried bleaching AMR did not change, but
the contents of monoterpenes and sesquiterpenes changed significantly. Conclusion: Significant changes in the
contents of volatile components were observed in AMR and bleaching AMR, bran-fried AMR and bran-fried
bleaching AMR, among them, 1, 2-dimethyl-4-methylidenecyclopentene, 9, 10-dehydro-isolongifolene,
v-elemene, zingiberene, atractylone, silphinene, modhephene and (1S, 4S, 4aS) -1-isopropyl-4, 7-dimethyl-1,
2,3,4,4a,5-hexahydronaphthalene can be used as candidate differential markers of volatile components of AMR
before and after processing with rice-washed water.

[Keywords] Atractylodis Macrocephalae Rhizoma; processing with rice-washed water; processing of
traditional Chinese medicine; volatile components; bran-fried products; headspace gas chromatography-mass

spectrometry(HS-GC-MS) ; terpenoids
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Table 1 Sample source information of Atractylodis

Macrocephalae Rhizoma
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Fig. 1 Shape and color of Atractylodis Macrocephalae Rhizoma
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®2 BARHEBHEPUZRNSHEARNSE (Ls,n=6)

Table 2 Compositions and relative contents of chemical components in Atractylodis Macrocephalae Rhizoma and its processed products

(x+5,n=6)
A 5 23550 %
No. f,/min [azx?] 731 CAS & - -
FIR SUISES EIERN BRI AR
1 347 a CH,, 83615-96-7 0.07+0.06 0.20+0.30 1.14+0.53 1.33£0.67
2 419 W CHy 7785-70-8 0.08+0.03 0.05+0.04 0.02:£0.00 0.020.00
30 440 IR CHy 79-92-5 0.03£0.01 - - -
4 444 JL-2-PEEREEE C,H,,0 18829-55-5 - - 0.02+0.01 0.03£0.01
5 454 EHEE C,H,0 100-52-7 0.04+0.01 0.04+0.01 0.03+0.01 0.04+0.01
6 471 Ik CH,, 3387-41-5 0.050.01 - - -
7 477 B CH,, 127-91-3 0.050.01 0.03%0.01 0.01%0.00 0.02=0.02
8 485  HILEIAE CH,,0 110-93-0 0.020.00 0.0240.01 0.020.01 0.0240.01
9 491  HHAE C,H, 123-35-3 0.12+0.03 - - -
10 5.01  IEZkE CoH,, 124-18-5 - 0.050.02 0.01%0.00 0.02%0.01
11 513 KTk CoH,q 99-83-2 0.050.01 - 0.01%0.00 -
12 522 3-EM CoH, 13466-78-9 0.020.01 - - -
13 541 4Befike CH, 527-84-4 0.23+0.08 0.11=0.08 0.1620.08 0.16=0.07
14 547  (R)-(+)-7 C,H, 5989-27-5 1.98+0.66 0.70+0.58 0.85+0.25 0.77£0.17
15 569 K CH,0 122-78-1 - 0.080.03 0.07+0.04 0.07+0.03
16 571 (2)-3,7-Z W #-1,3,6-+  C,H, 3338-55-4 0.090.02 - - -
INEE =S
17 590 -l b CH,, 99-85-4 0.36+0.19 0.1620.14 0.10+0.05 0.08+0.03
18 6.33 AR C,H, 586-62-9 0.08+0.04 0.08+0.07 0.15+0.06 0.19+0.09
19 6.46 iR C,,H,,0 78-70-6 0.370.15 0.04+0.03 - -
20 652 IETM C,H,,0 124-19-6 - 0.020.01 0.01%0.00 -
21 689 HIT G CoH,q 7216-56-0 0.010.01 - 0.01:£0.00 -
22 716 2,3-2&-3,5- TR dk-6- I CHO, 28564-83-2 0.16+0.14 0.180.05 - -
HE-AH - A -4- B
23 7.64  A-THIEEE C,,H,,0 562-74-3 0.03+0.01 0.02£0.00 - -
24 787 ke C,,H, 112-40-3 - 0.020.00 0.01%0.00 0.01=0.00
25 8.03 LR C,H,0,  112-14-1 - 0.34+0.62 0.01+0.01 0.01=0.00
26 887 3,5-HUAESEMK C,H,,0, 4179-19-5 0.010.00 - - -
27 921 MR C,H,0,  94-59-7 0.010.00 - - -
28 9.97 S-elemene C,H,, 20307-84-0 0.170.02 0.24%0.08 0.160.04 -
29 10.16  silphinene C,H,, 74284-57-4 0.81+0.23 0.73%0.36 1.23£0.97 2.14£1.37
30 1046 b C,H,, 50430-14-3 0.06+0.02 0.07+0.02 0.060.02 0.05%0.03
31 10.61 a-ylangene C,H,, 14912-44-8 0.010.00 - - -
32 10.83 modhephene C,H,, 68269-87-4 1.41£0.37 1.31x0.61 1.93+1.38 2.87£2.01
33 10.88 B HNE C,H,, 5208-59-3 - 0.13£0.10 - -
34 1097 berkheyaradulene C,H,, 65372-78-3 2.39£0.47 2.3240.71 2.931.40 3.8241.93
35 1124 PHRG C,H,, 2387-78-2 1.63+0.84 1.02+0.86 2.060.76 1.48+1.02
36 1148  (-)-isoledene CH,, 95910-36-4 0.120.06 0.11=0.07 0.12+0.04 1.67£2.47
37 11.66 A4 CH,, 87-44-5 4.56+0.21 3.98+0.68 4.360.30 4.44%0.72
38 11.69  y-elemene CH,, 3242-08-8 - 0.380.25 - -
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ARXT STk 53 80 %
No. t,/min [atr?] 731 CAS 5 - -
HA USUISES ESERN LS ISEN

39 1198 y-HiFEME 1sHa, 29873-99-2 13.44+0.59 13.43+1.44 10.29+2.55 9.65+2.93
40  12.21  a-amorphene 1sHo, 483-75-0 - 0.02+0.01 - -

41 1234 SHEWE sH,, 18794-84-8 0.120.04 0.09+0.03 0.10+0.03 0.07+0.03
42 12.48 1,4,7,-cycloundecatriene,  C,H,, 1000062-61-9 1.85£0.08 1.51£0.33 1.89+0.07 1.83+0.18

1,5,9,9-tetramethyl-,Z,Z,Z-

43 12.62  1l-rotundene C,H,, 65128-08-7 0.04+0.02 0.04-0.02 0.05+0.02 0.04+0.02
44 12.84  aromadendrene 1sHoy 72747-25-2 0.02+0.00 - - -

45 1298 a-selinene C,H,, 473-13-2 - 0.46+0.17 0.44£0.12 0.32+0.19
46 13.05 ¢ C,H,, 451-55-8 0.79+0.34 0.50+0.28 0.32+0.19 0.23+0.16
47 1314 o-FLHME CH,, 644-30-4 0.29+0.15 0.22+0.10 - -

48 13.19  (-)-germacrene-D CH,, 317819-80-0 0.29+0.14 - - -

49 1340 B-FEME CH,, 17066-67-0 5.70+0.32 5.48+0.60 8.16£0.41 7.55+1.42
50 1349 £k CH,, 495-60-3 0.79+0.34 0.49+0.29 0.20£0.04 0.26+0.13
51 13.60 K4 CH,, 88-84-6 0.16+0.02 0.17+0.03 0.22+0.02 0.18+0.03
52 1397 oM CH,, 3691-11-0 - 0.06=0.02 0.06+0.07 0.04+0.02
53 13.86 a-guaiene SH, 3691-12-1 - - 0.070.04 -

54 13.91 a-elemene CH,, 5951-67-7 0.08+0.02 - - -

55 1398 (+)-F5kE CH,, 489-39-4 - - 0.10+0.01 -

56 1417  (R)-y-cadinene C,H,, 39029-41-9 0.0240.01 0.03+0.01 0.03+0.00 0.02+0.01
57 1439 R PE ARG CH,, 4630-07-3 - - 0.840.08 0.78+0.22
58 1445 pAEAKITHE C,H,, 20307-83-9 1.16£0.46 - - -

59 1497 d C,H,, 267665-20-3 12.2042.03 11.82+2.49 13.26+2.08 14.63+4.20
60 1509 selina-3,7(11)-diene C,H,, 6813-21-4 0.35+0.03 0.34+0.03 0.390.04 0.36+0.05
61 1541 p-vetivenen C,H,, 27840-40-0 0.030.01 0.04+0.01 0.040.01 0.04+0.02
62 1558 RARAEMIGB CH,, 15423-57-1 1.74+0.16 1.6620.29 0.97+0.27 1.11£0.43
63 15.83  9,10-dehydro-isolongifolene C,H,, 26839-55-4 2.620.25 2.45+0.44 1.96+0.55 1.68+0.59
64 1637 (-)-FHALATE CH,0 1139-30-6 - 0.15+0.02 - 0.32+0.18
65 1641 e C,H,, 62338-27-6 0.090.02 - 0.27£0.12 -

66 18.02 f C,,H,,0 19431-80-2 - 0.06+0.02 0.07+0.02 0.10+0.04
67 18.92 A5 CH,,0 6989-21-5 35.62+2.40 36.47+3.14 28.12+4.74 24.06+6.21
68 19.17  valeranone C,,H,,0 1803-39-0 0.03+0.01 0.05+0.03 0.07+0.01 0.07+0.01
69  19.82  juniper camphor C,,H,,0 473-04-1 0.03+0.00 0.050.02 0.04+0.01 0.07+0.02
70 21.68  (+)-y-costol C,,H,,0 65018-14-6 - 0.02£0.00 - -

71 22.79  2-epi-trans-B-caryophyllene CH,, 68832-35-9 - - 0.02+0.01 0.03+0.01

T - R B VC L <90% 5 a.1, 2-dimethyl-4-methylidenecyclopentene ; b.(3aS,4R, 7R)-1,4,9,9-tetramethyl-5,6, 7, 8-tetrahydro-4H-3a, 7-
methanoazulene; c. 1-methyl-4- (6-methylhept-5-en-2-y1) cyclohexa-1, 3-diene; d. (1S, 4S, 4aS) -1-isopropyl-4, 7-dimethyl-1, 2, 3, 4, 4a, 5-
hexahydronaphthalene; e. (£, E) -12-methyl-1, 5, 9, 11-tridecatetraene; f. IR, 5R, 9S-11, 11-dimethyl-4, 8-bismethylenebicyclo<7.2.0>undecan-5-ol
(£5H)

—R, A ARa

ikt AR T B A

2.8.2 OPLS-DA XfHARSEHAR ZHKEEK
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0.994, 0°=0.970>0.5, 73 #7141 UL 38 55 3 R 565 Jon 44
VLT S BRI E T AR . - PR A AR E
£3 ARRHMHSZANERERS

AR BB EARSEHDEA R 2SN S
EHEYER S (VIP)(EH>1 H P<0.05], L33,

Table 3 Differential components between Atractylodis Macrocephalae Rhizoma and its processed products

HAR-EAAR RIS HINS SR TSN SR NSEIS PN PRUISESS RIS N
No. 251 No. 29
VIP {E f=EA] VIP R VIP a VIP fff f=EA]

2 il 2.01 | 1.09 ! 49 Ak 1.49 1 - -
7 1.94 ! - - 50 1.96 1 1.39 !
11 1.99 ! - - 51 1.04 1 - -
14 1.88 l - - 59 1.58 1 1.90 1
17 2.07 ! - - 60 1.37 1 - -
18 - - 1.65 1 62 1.71 ! - -
21 1.31 ! - - 64 - - 1.73 1
28 fEFE 1.27 | - - 67 2.75 ! 2.23 !
29 1.30 1 1.28 1 42 1.56 1 - -
32 1.42 1 1.10 1 5 [iEES 1.35 ! - -
34 1.46 1 - - 1 Jiis 1.47 1 2.32 1
35 1.28 1 - - 13 1.54 ! 1.06 1
36 1.03 1 - - 61 - - 1.35 1
37 1.55 | - - 63 1.82 ! 1.23 !
39 2.89 | 2.44 | 66 - - 1.73 1
41 1.32 ! - - 10 kik - - 1.07 !
45 - - 1.10 | 24 - - 1.12 !
46 1.87 ! - 25 i 2 - - 2.11 !

T AA WP S IR 25 T AR S BOR N L AR X5y s

ME3IIH, ARSEARLE, 281257
PERL s BRI IR 5 BRI IR AR LU A 18 22 5+
PE Ry 5 28 S VR R 22 0 B 2R RO B il 2
Y oA DR Rk bk BRI E . hk4
MFE S, AR SEAAR B HAR S D EAAR
A 10 M A 22 AL S Y, S U N O FRAEAE > 1,
PR 3 3R 3 4~ 48 (PCLLPC2 I PC3) , Rt 5T
Hk 4 85.013% , # W13k 3> T4 A7 B 4 K, FE AR
AE % WL S e 4 0 2 S 1R A o3 1) BV B AR AR (7R
Ho R R B b T R R R L # i ) RN Y
AR o PCLAFAE(H 4.543, J5 22 BUHK % 45.434%, 1F
PC1 A B B W2 y- M M 2244 (1, 2-dimethyl-
4-methylidenecyclopentene . & A Hi 1 9, 10-dehydro-
isolongifolene; PC2 #F fF {H 2.495, J7 2 o1 mk
24.952%, 1 PC2 A # & 4% far Y J& silphinene,
modhephene Fl (1S, 4S, 4aS) -l-isopropyl-4, 7-
dimethyl-1, 2, 3, 4, 4a, 5-hexahydronaphthalene; PC3
FRIEAA 1.463, 75 2 TURK 2% 14.627%, 75 PC3 A #i &

i

YN

IS
i

o= B He G VP (S 0 It 4 Kk 3k
A7 B PR A AR A AE AR . BUAT 3 R AE ORI
FRIE R 5,15 3 E L5015 70 B A PC1=-0.350ZX,+
0.269ZX,+0.172ZX,~0.219ZX,-0.010ZX,+0.441ZX +
0.3612X,+0.167ZX,+0.418ZX,+0.436ZX,,; PC2=0.36ZX,+
0.080ZX,+0.330ZX,+0.498ZX,+0.544ZX+0.056 ZX,+
0.132ZX,+0.458ZX,+0.092ZX,+0.016ZX,, ; PC3=0.042ZX +
0.589ZX,+0.5872X,~0.058ZX,~0.095ZX,~0.220ZX,+
0.164ZX,—0.3352X,~0.314ZX,~0.095ZX,,. %k #iz 5 7
W ZX,, ZX,, ZX, ZX, o2 IR A% 1 22 0 b ofE A b
BRI (SN ¢ VARSI A €2 = T <O O i
IO TH BR 5 40 09 52 ), D 45 45045 JH SPSS Statistics
21.0 AT AR MEAL AL 3T, B AR A R Z bR AL
3 iFit

DK T 7T T 2 VI P A R R vk 2
R FCHEABEIR) ™ . RACCE T RS ) 3k
B T R B R T R KIR M 1 d S A
FHAEERM KRB 7dEERD R, & T3R8
(ARELH )G BRI, B, JE 8 IRFRORTH K
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F4 BARREHEHRZEBERERSWOFEEMTERTBRE
Table 4 Eigenvalues and variance contributions of differential
components between Atractylodis Macrocephalae Rhizoma and its

processed products

PG RRAE I AR I A7
PO TER Rk JrkR Rk
a D S mR TR

1 4.543 45.434 45.434 4.543 45.434  45.434

2 2.495 24.952 70.386 2.495 24952 70.386

3 1.463 14.627 85.013 1.463 14.627  85.013

4 0.536 5.362 90.375

5 0.388 3.880 94.255

6 0.213 2.128 96.382

7 0.189 1.890 98.272

8 0.108 1.082 99.354

9 0.041 0.409 99.763

10 0.024 0.237  100.000

x5 BARREBEH@RZEEZEMSEFHETER
Table 5  Factor loading matrix of differential components

between Atractylodis Macrocephalae Rhizoma and its processed

products
%
LA
PC1 PC2 PC3
a -0.746 0.499 0.051
i3 0.574 0.127 0.712
RIEyids 0.366 0.522 0.710
silphinene -0.466 0.787 -0.070
modhephene -0.208 0.860 -0.115
y- M I 0.941 0.088 -0.266
e 0.770 0.208 0.198
d 0.356 0.724 -0.405
9,10-dehydro-isolongifolene 0.890 0.145 -0.380
& AR 0.930 0.025 -0.115

CRa 285 35 vp 25 4% GE 0 i 1% 28 9 46 R Xtk R
)N S oK TR KIS o e AR T g B 24 b e £ a2
T AR AR 25 W 48 1, O 30 80T S O T 40 A 9 A O ik
‘BB, vk, B2~ N B R E TEN,
i M PR AT AR, B ORI S DR s DR AR
HAKELH B HEKE 1~2 B 517, A
TE bR e N A LA L A TR P OR R
BRI TR SE O R K oK ) e B AT R
W
25 B o3 78 A TN — TR T S e 25 ) Y 2
PERIT2G 8 AR AL, A% GEIA 9 AR AR Wl R AR R
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] 485 2 R T AT R 2 LR B A3, DRI R A o AT A
Bl 98 “ okl T 9 A5 R 50 FL M i ML Y L R A
S 2R SO RIE T A R I A kG A A4 DR R T R
546 R B & i 5 A o FR N TR 040 G . HiT
WF 5T R W, K KR B W A e R e by, R
Ji A G i B A W B, T R s A R A A A B
Ay AR ST AE B IR AL b — 2 B R GOK T
B H S B4 AL R WA R R R Bk
FR BRI B AR b 20 ) 48 5E 1 53,5051 44 Ffi 4l
G, 205 B AR IS Ak A 2 RS A A
AN ARG W SR S R T R
OPLS-DA 43 Hr & W], 22 53 1 WL 43 3228 g Ll 28 A%
FM A, KPP AR SEAAR YD ARE
OER IR 22222 RV 1 s AR Ly - M 4
T AT RE S K TH K R UE R B R 2 Ak S W
Fo AN, PR R R L PC LA 3 iy 1Y 2
1,2-dimethyl-4-methylidenecyclopentene .y -Hf & 4 .
M .9, 10-dehydro-isolongifolene fl % A fili] , PC2 4
B oo B2 (1S, 48, 4aS) -1-isopropyl-4, 7-
dimethyl-1, 2, 3, 4, 4a, 5-hexahydronaphthalene.
silphinene Fl modhephene, iX 8 Ff AL 43+ f& FH A S Hi
il i B G 22 S vy, B S o kAR I B
A, AR Sy AR M IS e o3k 3 22 S MR AR
EW .

ZE B TR AR T S A A A T i M ) Ak 4
S, AT RE 5 U S S AR e 28 A Y B
ACAFAE— R o [RIB R A B OKR TR AR
AL 7 ks B — R A T A A AR T A
G0 1 BEAIRRT B8 R 0% T R B AR FH AR T BIL
il ARATY T 28 25 3502 SE 00 B9 E .
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