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Changes of Volatile Oil Composition in Aril during the Growth and Development
of Torreya grandis ‘ Merrillii’ Seeds

Zheng Liuhui Hou Yu Zhang Xinfeng Yu Weiwu Zeng Yanru Dai Wensheng
(State Key Laboratory of Subiropical Silviculture, Zhejiang A&F University ~Hangzhou 311300)

Abstract: [ Objective] This study aims to explore the influence of different preparation and analysis methods on the
determination of volatile oil composition and the contents, and reveal the dynamic changes of the contents in the Torreya
grandis ‘ Merrillii’ aril during the seed growth and development, as so to provide the rationale for the utilization of the
aril. [ Method] Steam distillation (SD) and headspace solid phase microextraction ( HS-SPME) techniques were used and
optimized for the sample preparation The gas chromatography-mass spectrometry ( GC-MS) was used to determine the
volatile components and the contents in the aril during the growth and development of 7. grandis seeds.
[Result] 1) Based on GC-MS analysis, SD was more suitable for the sample preparation of volatile oil from T. grandis
seeds in terms of the component and content. 2) The SD-GC-MS analysis showed that there were 47 volatile oil components
in the aril, including 21 terpenes ( limonene, o-pinene, &-juniene, etc.), 15 terpene alcohols ( linalool, borneol,
elemol , etc.) , three terpene esters (bornyl acetate, pine oil acetate, and geranyl acetate), and eight other compounds
(piperone, antioxidant 264, palmitic acid, etc.). 3) The volatile components in the aril during seed growth and
development showed certain regular changes. Among them the content of camphene, B-pinene, and terpinolene increased

from May to September; the content of such ingredients as a-pinene, cypressene, and myrcene gradually rose to the peak
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value from May to August and then declined. The monoterpenoids and sesquiterpenoids showed an obvious negative

correlation during May to June and from August to September, while the monoterpenoids and sesquiterpenoids showed an

increasing trend from June to July because the aril was growing. PCA suggested that the volatile oil components of aril in

May were similar to those in June [ Conclusion] The extraction condition for T. grandis ‘ Merrillii’ aril is the ratio of

material to liquid set as 1:10, and soak time as 1 hour, extraction time as 4 hours. Through the SD-GC-MS detection, 47

compounds were identified, with a total of 13 483.14 pg-g™'. The main ingredients include limonene and «-pinene

compounds. The volatile components in the aril of T. grandis ‘ Merrillii’ are significantly different at different seed growth

and development stages. The number of compounds increased from 35 in May to 47 in September. Sesquiterpenoids and

oxygenic derivatives increased, and the total content of essential oil increased first and then decreased from May to

September. The composition and content of essential oil in the aril were similar from May to June and July to August, but

they were significantly different from those in September.
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FLEE) BB RGO, R R EDL, 25
RO (FRIEEE) (1:5.1:7.5.1:10,1:12.5 1:15) |
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Fig. 1 Effects of different factors on the extraction rate of essential oils

2.2 HS-SPME £&#4HIE4K
R 4l B DR 24 6 235 SR ] 0, A R T S [ A R A

& 2

B R AE AR = 1.4 g I HAGE B R
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Fig. 2 Effects of different factors on the extraction effect
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1M HS-SPME #£ i HAE T 5 iy SD AESEE T HS-SPME-GC-MS W& (4 & W Fh s, H & &
W CRRUK R LTRAA TR T LR A iR 3 A &, BGEEE SD-GC-MS %8 Frilk ot e FEAR R &k &
B2 A &9, ifE HS-SPME F£ & h IR RISl BHHE R sy .

FAEY ., SD-GC-MS M E Wik & PR R B A 5

F1 2HMAERNINEFEBEELEAS"
Tab.1 Volatile components identified by SD-GC-MS and HS-SPME-GC-MS

. TREAmTE]  DREZHEEL g3 F = . e it -1

g ' ' =] Compound content/ (pg-g™")

No. Betentlﬁm RP:tenemn Compounds Molecular Ry — T IR

time/min index formula ARl = ZSE
SD HS-SPME

5452 Terpenes

Al 7.04 940 a-JRM a—pinene CioHyq 1 711.06+82. 19 284.23+11.99

A2 7.45 954 M Camphene CioHyg 458.39+20. 24 101. 58+10. 07

A3 8.17 978 12204 Sabinene CioHye 15. 04+0. 98 —

A4 8.23 980 B-JE B-pinene CyoHy6 440. 10+25. 43 23.27+1.30

A5 8. 64 994 A EER Myrcene CioHyg 250.91+9. 53 55.03+2. 85

A6 9.84 1033 FriM Limonene CioHg 4 681.36+131.08 592.42+30. 05

A7 10. 67 1061 B 45 Ocimene CioHye 21.61+0. 44 —

A8 11.5 1090 i S I Terpinolene CioHyg 245.03+14.52 44.37+2.29

A9 12.7 1129 % 8 Alloocimene CioHye 16.94+1. 80 —

A10 18. 47 1337 S-MiF /s S-elemene CysHy, 80. 41+4. 82 18.32+1. 89

All 18.77 1349 a-EEE MR a-cubebene CysHy, 214.38+9.95 60. 81+2.77

Al2 19. 86 1392 iy EL s Copaene CysHy, 380.39+18. 41 —

Al3 20. 67 1424 I E-WakKE trans-caryophyllene CisHyy 163.13+7.72 30.03+1.24

Al4 21.55 1 459 (;EE) ;%‘fﬁjﬁ? C,sH,, 390. 67+16. 51 77.70+3. 19

Al5 22.05 1 480 d-HLHA A 8-cadinene CysHyy 814.25+34. 24 155.33%2.27

A16 22.14 1483 E:;?Ejﬁﬁi CsHyy 75.76+6. 41 13.74+0. 60

Al7 22.25 1492 BEVE A Cubebene CsHy, 717. 41£29. 19 90.77+1.19

Al8 22.42 1494 () -B-1EHAME (—) -B-chamigrene CsHyy 33.37+1.4 27.10+1. 36

A19 22.75 1503 a—AK 22 a-muurolene CysHyy 252.45+10. 03 27. 10£0. 69

A20 23.31 1512 B-A A B-guaiene CsHy, 41.85+2.07 —

A21 31.36 1 998 S A Tsophyllocladene CyoHsy — 4.73+0.23

A22 32.85 2105 ¥ —7,13- ") Abieta-7,13-diene CyHy, 76. 68+6. 86 21.25+0. 69
SR Total 11 081. 18+398. 14 1607. 43+34. 14
sk Terpene alcohols

Bl 11.84 1098 J5 A Linalol CioH,;50 29.58+2. 46 —

B2 13. 84 1170 7K Borneol CoH0 72.4425.42 —

B3 14.14 1181 ((:3;4;fpi§ CyoH;g0 182.94x11.92 —

B4 14.55 1196 ((:))_Sjifﬁ CipH 50 289. 0910. 20 —

—(+)-B- £ ~

B5 15.55 1228 (E) _(( +)) -E-ﬁiil CoHy0 287.18+8.79 —

B6 24.05 1551 FEAEAUEE Nerolidol CsHyO 41.91+5.38 —

B7 24. 66 1593 FE {48 Spathulenol CysH,, 0 227.57+11.2 —

B8 24.96 1595 HEFE I Elemol CsHy0 20.23x1.44 11. 641.04

B9 25. 64 1617 BEVE AT Cubenol C5sHy0 169. 20+5. 01 —

B10 25. 89 1632 T4 % I B T-muurolol CsHy0 104. 85+5. 16 11. 04+0. 39

BI1 26 1639 MRS Torreyol C,sHyO 310.20+9. 14 —

BI2 26. 15 1 648 a—ERB B a-cadinol CsHys0 102. 08+7. 54 6.010. 34

B13 30.72 1937 AEPHEE Victiol CyoH3, 0 25.43+3.23 13. 360. 47

B14 32.04 2032 13-F TR 13-epimanool CyH3,0 86. 52+4. 23 —

BI5 36.13 2 406 i S A Dehydroabietinol CayoH30 16.00+1. 31 6.83+0. 47

S Total 1 965.21+86. 14 48.87+0. 39
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4 Ity TRERmE] RE A Y’ PN Compound content/ ( pg-g™")
Retention Reteneion Molecular E—— — e
No. time/ min index Compounds formula KIRAARIRE Tz (SR AR
SD HS-SPME
M HETEZS Terpene esters
C1 17. 16 1289 LTRVKF TR Bornyl acetate C,Hy0, 24.91+1. 19 —
c2 18.85 1352 LTEAA IR Terpinyl acetate C,H50, 24.02+3. 19 —
C3 19.2 1 366 LR Geranyl acetate C,Hy 0, 20.71x2.27 —
S Total 69. 65+6. 57 —
HiAth Others
D1 16.4 1 261 SAHEA Piperitone C,oH;cO 29.63+2. 12 —
AL TRZE R . .
C,,H,,Cl,0 —
2 16.7 1272 Decyl dichloroacetate 1272 61.563.00
UG 264
C,;sH,,0
D3 23. 14 1503 Butylated Hydroxytoluene 15Hoy 128.78+3.51 6.76+0. 60
2,6,10-=HHApuke .
’ ’ L H .
D4 26.44 1665 2,6, 10-Trimethyltetradecane 177736 15.030.45
D5 30. 58 1925 5. Palmitic acid C16H30, 45.63+3. 39 —
IR —
D6 34.13 2218 0 ”J\_it yhﬂi@@ CyH,50 19.71+2.56 12.16+0. 39
9-cis-Retinal
(4R) -tAFF-T7,13-4f— 18- .
C,oH;3,0
D7 35.52 2 348 (4R)-Abieta-7, 13-dien-18-al 20H30 25.37+1.26 10. 51+0. 65
D8 36.25 2 419 HFA TS Neoabietal CyoH3,0 41.41+3.50 —
S Total 367. 11x12. 82 39.430. 34
@ “—" KK Not detected.
24 METAERKZXELEFNBMEELZBNS 354143 45 47 F, 6 A M#ids 5 RiEE LMok R
= BE4E 6 Mk 9,7 H A B g-a QAR MK 2
2.4.1 RAY AL RSN E W SD-GC- MG ,8 A 2,6, 10— = H S U e AR

MS 7341 5—9 A 3 B A HERURH KA it 4% A 1l e 7T
(R 2) AR K 7 s S 0 A AR b B 4% % 1k 2 73

R 2 AL, 9 H AT % e A (- ) —B— LT
2 Pk,

ZESHRR , AE 5.6.7.8.9 Ay fb& W1 80 3 i A

®2 AERRAMEREFMEELEAS

Tab.2 The components of the essential oil of 7. grandis aril in different months

oty &Y 1AW E: Compound content/ (pg-g™)
No. Compounds 5 H May 6 H June 7 H July 8 H August 9 J] September
472 Terpenes
Al a-TEM a-pinene 1 347. 72+134. 63¢ 1 367. 83246 37c 1 508. 40+61c 2 013.85£101. 72a 1 711. 06£82. 19b
A2 #XH Camphene 130. 468. 29d 152. 19+14. 32d 205. 97+6. T3¢ 252.81224.23b 458.39+20. 24a
A3 ¥2:J Sabinene 93. 094, 72¢ 92. 55+6. 54c 126. 68+2. 16b 149. 90+12. 54a 15.04£0.98 d
A4 B-KM B-pinene 208. 43213, 93¢ 218. 09+12. 48¢ 233.4824.21c 279. 85+6. 47h 440. 10+25. 43a
A5 JFHE Myrcene 183.37+10.31d 201. 31%12. 52¢ 253.939. 39h 310. 40+3. 00a 250.919. 53b
A6 FFH5E7 Limonene 4 477.46£200.62ab 4 075. 81210. 07c 4304.16x159. 14bc 4 398.74+181. 7Tlabc 4 681. 36+131. 08a
A7 I Ocimene 30. 46:+4. 24cd 38.82+3. 15he 41.31:6. 89 56.26+6. 61a 21. 610. 44d
A8 il A HIS Terpinolene 192. 64+6. 84b 209. 87+13. 90b 207. 98223. 08b 237.21%10. 25a 245.03214. 52a
A9 % i Alloocimene — — — — 16.94+1. 80
A10 M/ -elemene 79. 58+2. 03b 83.61x10. 52b 98.41+5.03a 97.53+7.8la 80. 41+4. 82b
All oS 130.25+3.45 d 149. 48+8. 58¢ 175. 44+11. 54b 184. 45+10. 61b 214.38+9.95a
a-cubebene
A2 T EUA Copaene 203.59+4.39 d 217.24+11.85 d 252.89+5. 83¢ 303. 44+13.75b 380. 39+18. 41a
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HAMRS ey sl /ey Compound content/ ( ug'gfl )
No. Compounds 5 A May 6 H June 7 H July 8 H August 9 H September
VYL
Al3 AT 168. 02+3. 41bc 167. 96+14. 62bc 185. 38+9. 40 ab 190. 7614. 40a 163. 13+7. 72¢
trans-caryophyllene
RSP
Al4 (E) - ertickh 360. 23+11. 75¢ 408. 62+19. 08b 452.63+37. 15a 466.24+17. 98a 390. 67£16. 51bce

(E)-B-farnesene
Al5 S—HHMA 8-cadinene
Al6 () ~y-HAYE

(+)-y-cadinene

Al7 BEVEIIE Cubebene
(=) -B-1ERHR
(=) -B-chamigrene
AR 2L
a-muurolene

B AIAN

B-guaiene

WAF=7,13-"4f%
Abieta-7,13-diene

Al18

Al9

A20

A2]

ST Total
fi¥2% Terpene alcohols

Bl FFIEE Linalol
B2 VKA Borneol
- (=) -4-hE

(=) -4-terpineol
(+) —o—HAJITEE

B4 (+)-a-terpineol
b Re( BT
(R)-(+)-B-citronellol
B6 FEAEAEE Nerolidol
B7 FEIHATE Spathulenol
B8 ML Elemol
BERS AR
B9
Cubenol
T-A 2
B10 T-muurolol
B11 e Torreyol
BI2 -5 a-cadinol
BI3 HEPHIE Victiol
B4 13—2@%@?
13-epimanool
BI5 JiE
Dehydroabietinol
S Total
[T Terpene esters
ZBRVK Fr g
Cl
Bornyl acetate
. TR IS
c2 I
Terpinyl acetate
73y I b
3 IR TR

Geranyl acetate
Al Total

957.23+50. 24b

63. 09+2. 45¢

679. 57+23. 30c

155.45+8. 11c

155. 67+21. 53a

9 616.33+461. 57c

43.98+2.29 d

74.09+2.46 d

33.43x1.63 e

33.47+1.87¢c
174. 36+4. 92¢

23.28+0.94 ab

186. 14+2. 30b

111. 36+4. 06b

356. 46x10. 57b
95.27+3.27 ab

87. 68+5. 40a

19. 51+2. 55b

16. 55+3. 00b

1 255.58+32. 74d

1034. 45+46. 55b

63.76+5. 17¢

781. 92+38. 60b

152. 81+9. 34c

162. 53+5. 16a

9 578. 86+413. 79¢

14. 02+3. 08¢

50.95+6.24 d

83.98+7.31 d

68.20+4.30 d

34.48+4. 42bc
176. 62+10. 96¢

22.33+4.32 ab

167. 80£8. 9¢

110. 95+4. 69b

354. 74+11. 01b
103. 10£8. 89a
71.25+4.77b

18.37+1. 70b

16. 58+1. 83b

1 293. 38+51. 50d

13.561. 14c

14. 88+2. 34b

14.01+1.91b

42.44+5. 32¢

1182. 84+46. 35a

96. 84+0. 24a

843.83+29. 77a

179. 50+ 16. 11b

67.02+1. 06a

114. 84+6. 28b

10 531. 53+402. 29b

23.87+1.92b
31.36+4. 61c

76. 000. 70c

137.19+8. 93¢

162. 56+9. 23¢

38.22+2. 35be
193. 38+10. 89¢

25. 82+0. 39a

170. 08+12. 34be

110. 78+2. 35b

392.33+26. 89a
99.36+2. 17 ab
67. 05+5. 10b

21. 89+4. 08b

14.91+0. 43b

1 564. 79+75. 51¢

14. 91+0. 43¢

22.90+2. 93a

20. 87+2. 64a

58. 67+4.97b

1257.25+63. 22a

97.13+10. 18a

871.46+31. 27a

183. 05+12. 82b

47.05+1. 53b

131. 99+2. 56b

11 529. 37+456. 19a

25.93+0. 80 ab
50. 38+0. 37b

95. 04+2. 26b

180. 94+3. 88b

229.52+10.23b

46.12£5.02a
261. 73+12. 24a

23.04+0. 71a

224.78+11. 82a

130. 14+7. 65a

395. 18+15. 57a
80. 32+5. 87b
64. 83+3. 13b

16. 31+0. 37b

53.26+0. 41a

1 886.53+74. 14b

17.28+0. 53b

20. 16+0. 62a

15. 85+1. 68b

53.30+2. 52b

814.25+34. 24¢

75.76+6. 41b

717. 41£29. 19b

33.37+1.40

252.45+10. 03a

41. 85+2.07¢

76. 68+6. 86¢c

11 081. 18+398. 14 ab

29. 58+2. 46a

72.44+5. 42a

182.94+11. 2a

289. 09+10. 20a

287. 18+8. 79a

41.91+5.38 ab
227.57+11. 20b
20.23+1. 44b

169. 20+5. 01be

104. 85+5. 16b

310. 20+9. 14¢
102. 08+7. 54a

25.43+3.23¢

86.52+4.23a

16.00+1. 31b

1 965. 21+86. 14a

24.91+1. 19a

24. 02+3. 19a

20.71+2.27a

69. 65+6. 57a
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ZFR2  Continued

HA ot WEY sl /ey Compound content/ ( ug'g’l )

No. Compounds 5 H May 6 H June 7 H July 8 H August 9 H September
HiAth Others

D1 BAKER Piperitone — 12.25+1.10d 37.30+5. 74a 20.59+3. 12¢ 29. 63+2. 12b

- A
D2 Q%Z)M& i — 20. 54+1. 70c 36. 13+6.57b 24. 48+0. 76¢ 61. 56+3. 00a
Decyl dichloroacetate
i
D3 U 264 132.52+4. 42¢ 153. 51+14. 69b 307. 01+5. 34a 128. 70+5. 56¢ 128.78+3. 51¢
Butylated hydroxytoluene
2,6,10-=F B b
D4 2,6, 10-trimethyltetradecane 2. 421 34a 15.03<0. 45b
D5 FiHAI Palmitic acid — — — 14.90+1.22b 45. 633, 39
— I — 408 |
D6 0 ”)‘ﬁ ﬁ'\% 39. 85+4. 80b 58.52+1.8la 28.72+4. 39¢ 22.12+2.29 d 19.71+2.56 d
9-cis-retinal
(4R) —A8FF-7,13-Jf- 18-k
D7 (4R)-abieta-7,13- 56.06=11. 30a 54.70+9. 03a 37.74+1.01b 24. 55+4. 50c 25.37+1. 26hc
dien-18-al

D8 HIAETE Neoabietal 109. 68+5. 86a 110. 13+6. 31a 62.24+8. 49h 61.33+5.13b 41.41+3.50¢

S Total 338. 11£25.21 cd 409. 65+25. 49b 509. 13+7.93a 323.08+12.09d 367. 11+12. 82¢
2.4.2 BAYRBEAEA;NFHETL AFEAG WHTEEC(E 3B C) . B 6—7 A5h, k2 RfE

(B K Hh % e P 2 oy 2 B B — 5 I AR AR LA,
B B-IRM AT T ML S WIS 5—9 Ay
2 ETHESC(EB3A) 5 IR ARIRAE 9 Mk aPIrg
FEN S IR, 2] 8 H ik Bl & & E )5 T

WS AR A A BRI G E SR A
5 AN L TF, e 2l a0 A S N AE 8 H ik
FTHUAE 5 ARG, B AR 12 B S B i T s 10k 2 1)
# (K 3D),

B3 T H b Bt il 2 ) 3 25284k

Fig. 3 Dynamic changes of essential oil content in arils in different months

2.4.3 fBAY RAER MACES G £ R A5 M (PCA)
XF 5 A A B (4% A& e o & s 54T PCA,
R sh & BT 3 A E g, Bt sk R
89. 1%, FIEl 4 AIHI, BE A TR FE T 95% I EA5 X
[P ,5—9 A fsph i A gl i 22 5%, 5 5 A 4y
e A4y 7 A4rF 8 H A BB Fh B2 A i 2 mig b
FRRL, 9 H 0y By A i 5 53 b 4 Ay 22

LN

2.4.4 fRAYRIEL S WG E-BR DR
-3 3 2 # (OPLS-DA)  1£ PCA F:al IR W
BN I iR AT AL A OPLS-DA, 34 OPLS-
DA BEAI[) 3 N HE bR BEAILA 240 R*X = 0. 964,
R*Y=0. 989, AT Z4L Q> =0.952, KT 0.9,
FEMITETE T 95% 1 B A5 XA A, H OPLS-DA 14}
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RERLE PCA W45 —3 (Bl 5A) , OPLS-DA
IR AT (I SB) T4, 7 AR b Bz 35 & 1 9y
SRR A B R P 4E R 264, LB 7 A AR

B H) B UEHIWRE 15 8 AN (E) B -4 & Wi
1S FAR ; 9 A B B | (-) -B— 4B A
13-F VAT

Kl 4 54 H A B A% AL & Y i PCA 1320 EIFT HCA 704

Fig. 4 The PCA score graph and HCA analysis graph of the content of volatile compounds in arils at different growth stages
A PCA #3471 PCA score graph; B: HCA 4347 &l HCA analysis graph.May:5 H ;Jun.:6 H ;June;Jul.:7 A July;Aug.:8 A

August;Sep:9 H ;September. T [F], The same below.

5 5 A0 EFD R 3 &P T & & OPLS-DA 1543 B Flddims

Fig. 5 OPLS-DA score graph and load graph and volatile matter content of aril in 5 months
A: OPLS-DA 75438 OPLS-DA score graph; B; OPLS-DA #fuf[8] OPLS-DAscoregraph.

3 he

3.1 SD 5 HS-SPME HyELE

AHF5E R SD Fl HS-SPME2 Ff 75 1 I 45 &
GC-MS, 7317 1 5 HEAR A B2 i 45 & P L 43, SD-GC-
MS %7E T 47 M B9, 2% T HS-SPME-GC-MS
FIr S e A 25 R A, X 3R] SD 5 HS-SPME
AHLE SD AT kS F e 2 H& s lim, X
55 SD il HS-SPME [ JFH A & ( Qi et al, 2020; Bf
dE4E, 2014) , HS-SPME #£44 H R HE SD BE S 2D A
BRI (AYIE 5, 20115 Shen et al., 2014) {H3E$E
SD T4 B A AR P Bz 4 & Tl B 43 B I3
3.2 BMEEZERS

K H SD-GC-MS % 22 (4 A P A 46 i s 2 21
Pl BEEESS 15 Bl BRI ERSS 3 B, Hoh E AT
o—JEM B - IR S B VK R A LY, 5 2R AR
(2017) F GC-MS 431 H A% 7 HIEAR i K2 65 T 43 A

], U o AN [R5 HEAR R B b i 2 A
YWEAZJHEDRE, A AU A T BE S
YERT, ATREXTHTIMAR S A VEN ; «—IREGH TR,
LA MG 45 5580 (P8 AR, 2020) 3 J5HERE R
HHEFHEAEH (Guo et al, 2021) ; vk BA 1E
B Pide U PO NN SR, AR
B PR A B B i R AR AR RN 24 A
SR AR KRRV 1 (BEIRF 55, 2011)
3.3 BWMEELZHAIHNTL

AN 8 ) S A A S A Bz 4 2 T AR Al 4
RKE , o -JRM AR MR A s B
A 5—9 A5 ETHE TR, SHTFR A
PR (HERSE, 2020) X LEA] AR5 R SE BAE A=
KRR A 5, i 8 A O B HEMRFR i i (5 &
PEY) BT i o ey AT B U AR I R AR AR S G
(Chen et al,2019; 5 B 3£ 4%, 2013; Jiti 2 08 5%,
2020) , PRI, J5 A AR X A AR b R R0 Gl S A A
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W B Ez 1T LAZES A b S AR B Bz 04 B8 U R 75K
TE & A B 25 FEAS [R] B 399 4 0 2 A8 Ak (S0 Ja 55,
2017) , WA, FHERISCAE 5 H O dE AR K, BList
B H i S 7 e M) o 22 A AR e A 2K X
(i) PR T ek R A5 JE PR 2 3 ™ EE VK R I, T DL
FIH T AP SE (RS, 2004)

W3 PCA 1 OPLS-DA [/ b1 F1 S50, &
ST 2 R R R A L RE A SR (R R G
2019; MPAHAE, 2018) , AT LUk S0 B — sk L AP 2 BT
TR R B, AR — R BB A S B
TR &, RS ERIRIT DA 5 (R Hpr
Ye—YI TS, XSRS Y40 45 Kk B IR
Foft B o 1 AS [ 1) A B A 8 S0, XS ) % 7 IS
BRI T AR BTk, hy e AEAR ol Bz 1) J o 4 il A1
RIS HN AR AL T 2% (IR EUSE, 20205 21
45 2020)

4 ZEip

1) A HE B D Bz 4% & i (9 32 e SD it F HS-
SPME FWE B, $2 AR A AR LA 1210 32 LIS ]
1 h FRHCTE R 4 b,

2) WA B A TR A LA 9 SD-GC-MS
SEVES ERIIHT AR 47 Pk S8, 3t 13 483, 14
pee g, FE R N R | o — IR I S i 0 25 Ak
aY.

3) AR S A R 0 A AR o e v 5 %
PR 53 22 AR AE PRSI 5 A4 35 R m
T 9 AR 47 Bl AFFmE RS AR A A B
Z FE R Ao B N 5—9 A M e TR [
5—6 . 7—8 H (AR e 45 i 1 o s e L
R 9 A 5 A 4 A A 2R,

Z £ X M
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20(8): 77-78. [ in Chinese])
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(He F P, Lei CY, Fan J X, et al. 2020. Hydrodistillation extraction
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2288-2294.
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(16) : 3863-3870.

(Lan Z W, Ji D, Wang S M, et al. 2020. Identification of curcumin
content in raw and vinegar-processed thizomes of Curcuma
kwangsiensis based on electronic nose combined with back
propagation neural network. China Journal of Chinese Materia
Medica, 45(16) : 3863-3870. [ in Chinese])

=, AR, R FE. 2017, B TR A AR BORS R A K
ERBCR BB S, P EBFAERTBEIR, 36 (3): 14-17.
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