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Abstract: The commonly used traditional Chinese medicines Curcumae Rhizome (Ezhu) and Curcumae
Radix (Yujin), are representatives of multi-plant sources. The relationship among the original source plant
species is intricate. In this study, by using multivariate data analysis, volatile metabolites in rhizomes and
radixes of source plants of Curcumae Longae rhizome (Jianghuang), Yujin and Ezhu in traditional Chinese
medicine were compared and analyzed. The source plants included Curcuma longa, Curcuma kwangsuensis,
Curcuma wenyujing and Curcuma phaeocaulis. The results indicated that: (O volatile metabolites were similar
in quality but variation in quantity for rhizomes and radixes origin from the same plant species; @ volatile
metabolites of C. longa rhizomes showed bigger difference compared with others; 3 although common volatile
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metabolites were observed in rhizome of C. kwangsuensis, C. wenyujing and C. phaeocaulis, the difference
among them were significant; and @ significant differences were observed for the four kinds of radixes.
Results in this study revealed the differences of the four source plants species, and similar metabolites in source
plants of Curcumae Rhizome (Ezhu) and Curcumae Radix (Yujin) from the level of volatile metabolites. These
results provided a reference for the clinical use of the three kinds of traditional Chinese medicine.
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Figure 1 Score and loading plot of principal component analysis obtained from all rhizomes and radixes. A: Score plot; B: Loading
plot. Yellow diamond: Rhizomes of C.longa; Yellow open diamond: Radixes of C.longa; Red dot: Rhizomes of C.wenyujing; Red
circle: Radixes of C.wenyujing; Black sguare: Rhizomes of C. kwangsuensis; Black open square: Radixes of C.kwangsuensis; Green
triangle: Rhizomes of C.phaeocaulis; Green open triangle: Radixes of C.phaeocaulis
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Tablel Identified volatile metabolitesin C.longa, C. kwangsuensis, C.wenyujing and C. phaeocaulis

tr/min Compounds Formula tr/min Compounds Formula
Alkanes and alcohols Sesquiterpenes
6.25 2-Heptanol C/H160 18.95 J-Elemene CisHz4
9.53 Undecane CuHz4 20.88 p-Elemene like CisHz4
13.49 Dodecane C1oHoe 21.17 p-Elemene CisHog
16.6 Tridecane Ci3Hog 21.72 (-)-Zingiberene like CisHos
Aromatic compounds 22.23 Caryophyllene CisHog
15.59 1,3-Ditertiarybutylbenzene CusHo 22.85 y-Elemene CisHos
Monoterpenes 2291 trans-a-Bergamotene CisHo4
6.7 Cyclene CioH16 23.44 a-Gurjunene CisHz4
6.82 3-Thujene CioH16 23.62 Humulene CisHz4
6.95 1R-a-Pinene CioH16 23.77 cis-p-Farnesene CisHog
7.27 Camphene CioH1s 24.74 Germacrene D CisHoa
7.8 B-Thujene CioHie 24.8 Ar-Curcumene CisHz
7.86 (-)-p-Pinene CioHis 24.94 S-Selinene/ g-Eudesmene CisHzs
8.16 fS-Pinene CioH1e 25.35 (-)-Zingiberene CisHos
8.44 a-Phellandrene CioH16 25.39 Curzerene CisH200
8.57 3-Carene CioHis 25.69 Germacrene A CisHoa
8.7 a-Terpinene CioH16 25.85 p-Bisabolene CisHz4
8.87 o-Cymene CioH14 26.12 2,4-Di-tert-butylphenol C14H20
8.95 Limonene CioH1e 26.35 J-Elemene CisHog
8.99 Cineole C10H180 26.44 p-Sesquiphellandrene CisHog
9.34 p-cis-Ocimene CioH1e 26.61 3,7(11)-Selinadiene CisHog
9.58 y-Terpinene CioH1e 27.59 7-epi-cis-sesquisabinene hydrate C15H260
10.22 Terpinolene CioH1e 27.69 y-Elemene CisHos
10.47 Linalool Ci10H180 28 (+)-trans-Nerolidol C15H260
11.68 (+)-Camphor C1oH160 28.88 Viridiflorol Ci5H260
12.1 Isoborneol Ci10H180 28.99 cis-Sesquisabinene hydrate 1 C15H260
12.38 endo-Borneol C10H180 29.19 p-Eudesmol C15H260
12.74 (-)-Terpinen-4-ol C10H180 29.53 p-Elemenone C15H,0
13.01 p-Cymen-8-ol C10H140 29.89 cis-Sesquisabinene hydrate 2 C15H260
13.21 a-Terpinol C10H180 32.47 a-Eudesmol C15H260
30.54 cis-Sesquisabinene hydrate 3 C15H260
30.56 y-Eudesmol Ci15H260
31.23 S-Eudesmol like C15H260
31.8 Ar-tumerone Ci15H200
32 Tumerone CisH220
32.8 Curzerene Ci1sH200
32.92 Germacrone CisH2,0
33.15 Curlone C15H,0
33.74 Curdione C15H240;
34.93 Curdione like C15H240,
35.22 Ledene oxide-(11) C15H240
36.34 Velleral CisH2002

3 HHREYRIFERZFRRIEL G LR S

4 Fh 23w 25 TR ) O AR Z2 AN BAR N 24 )5 44 FK
ANZGANE], AWETCE et 1 AR R ORI AR 22
ANGARIE R ANEACU I 22 57 o A R R R YR 22 AN
WA R AEAC TR SUS & TR K E L (B 2A~D)
R, [FIFP IR ZE A BAR B35 A PR AR, (B

BAAEESR, MERIEREREY & & B,
MHARFE LR SR & 2%, HADEJLMIER
YA G WILE PR o v TR 250 4 ZHLAR ZERTAH R 3
R PLS-DA 72 200 (R HEFIAE X IR UFR I, 1X 4 Fh
24 FHFEL 0 (AR 2R AR 1 4 A e AR ) o T A L
wEMES, 195 BT R 2E~L, OPLS-DA



VA VU Ph 535 8 25 A AR 25 HURAE R M AR 1Y 22 o B L i o i - 1219 +

A - 100 5.00E7 B « 100 00E7
:_:':_; 50 l _é 50
£ | i L E
€ 100 50067 S 100 5.00E7
E Ll £
2 SN S| g . K

TTTITrryrree s l"rll'T'l'Ill
3 40 5 10 15 20 25 30 B 40
Time / min Time / min

100 7.00E7
50

% JI.| i |1. 1 1 I.‘ l L—]—J_L_
. 100 1.00E7
'; 50% ‘ ‘ |

Relative abundance
B
(4]
S 8
=1
i [=]
m
[=]
=
Relative abundance

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
Time / min Time / min
E 200 F
100 2.0
o . = 1.5
=] =]
o g 10
-100 0.5
-200 0.0 1
-120-100 -80 -60 -40 -20 0 20 40 60 80 100 120 -10 -08 06 -04 -02 -00 02 04 06 08 10
1P pleorr)[ 1P
G H
100 /“\ 15
50 maE o
S o = il
B f o S
-100
0.0
-100 0 100 -10 08 06 -04 02 00 02 04 06 08 1.0
(1P plcorn)[1]P
1 J
100
50 .... 15
- e —
e 0 - % 10
= =
o g _’/ %=
-100 0.0
-100 1] 100 -1.0 -08 -06 -04 -02 -00 02 04 06 08 1.0
1P pleorr)[1]P
K Is
20 &
50 i &
= A g N
= i
& o — = 10 '
0.5
-50
0.0
0 50 100 -10 -08 -06 -04 -02 -00 02 04 06 08
e pleorr)[1]P

Figure 2 Comparison of rhizomes and radixes origin from the same plant species. A: Representative total ion chromatograms of

rhizomes and radixes from C.longa; B: Representative total ion chromatograms of rhizomes and radixes from C. kwangsuensis; C:
Representative total ion chromatograms of rhizomes and radixes from C.wenyujing; D: Representative total ion chromatograms of
rhizomes and radixes from C.phaeocaulis; E: OPLS-DA score plot of rhizomes and radixes of C.longa; F: OPLS-DA loading plot of
rhizomes and radixes of C.longa; G: OPLS-DA score plot of rhizomes and radixes of C.kwangsuensis; H: OPLS-DA loading plot of
rhizomes and radixes of C.kwangsuensis; |: OPLS-DA score plot of rhizomes and radixes of C.wenyujing; J; OPLS-DA loading plot of
rhizomes and radixes of C.wenyujing; K: OPLS-DA score plot of rhizomes and radixes of C.phaeocaulis; L: OPLS-DA loading plot of
rhizomes and radixes of C.phaeocaulis. In A, B, C and D the above total ion chromatograms are for rhizomes and the below total ion
chromatograms are for radixes
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Figure3 Score, VIPloading plot and heatmap of rhizomes from C.longa and other three kinds of rhizomes. A: PLS-DA score plot; B:

PLS-DA loading plot; C: Heatmap.

In figure A, yellow diamond: Rhizomes of C.longa; black inverted triangle: Other three kinds of

rhizomes; in figure C, J: C.longa, G: C.kwangsuensis, P: C. phaeocaulis, W: C.wenyujing
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Figure4 Score and loading plots of PLS-DA model and OPLS-DA model. A: Score plot of PLS-DA model for rhizomes of C.kwang-
suensis, C.wenyujing and C.phaeocaulis; B: Loading plot of PLS-DA model for rhizomes of C.kwangsuensis, C.wenyujing and C.
phaeocaulis; C: Score plot of OPLS-DA model for rhizomes of C.kwangsuensis and C. phaeocaulis; D: Loading plot of OPLS-DA model
for rhizomes of C.kwangsuensis and C. phaeocaulis; E: Score plot of OPLS-DA model for rhizomes of C.kwangsuensis and C.wenyujing;
F: Loading plot of OPLS-DA model for rhizomes of C.kwangsuensis and C.wenyujing; G: Score plot of OPLS-DA model for rhizomes of
C. kwangsuensis and C.wenyujing; H: Loading plot of OPLS-DA model for rhizomes of C.kwangsuensis and C. wenyujing
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Figure 5 Peak areas of monoterpenes in the four kinds of radixes. Peak areas of monoterpenes in radixes of C. kwangsuensis,
C.wenyujing and C.phaeocaulis were compared with those in C.longa radixes and significant symbol “* were labeled for P<0.05,
** for P<0.01
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Figure 6 Peak areas of sesquiterpenes in the four kinds of radixes. Peak areas of sesquiterpenes in radixes of C.kwangsuensis,
C.wenyujing and C.phaeocaulis were compared with those in C.longa radixes and significant symbol “*” were labeled for P<0.05,

** for P<0.01
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