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Essential oil extraction from Chinesefir by superheated water
steam distillation and its component analysis

MA Shouxiao, DUAN Haoyuan, ZHU Kai’
( College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu, China )

Abstract: Essential oil from Chinese fir was extracted by superheated steam distillation (SSD). Under the
conditions of 350 g feeding amount, 650 mL/h steam flow, and 4 h distillation, the effects of extraction
temperature (130, 160, 190, 220, 250 and 280 °C) on odor, yield, and chemical composition of Chinese fir
essential oil were investigated. The result showed that, at steam temperature of 190 °C, the yield reached the
highest (4.89%), about 3.2 times that of atmospheric steam distillation (SD). As temperature increased, the
smell of wood and cream fragrance decreased, while sweet and sour taste increased. At the same time, the
relative content of cedrol in the extracted essential oil decreased from 49.99% at 100 °C to 25.41% at
280 °C, while that of a-cedrene increased from 16.61% to 30.14%, and that of S-cedrene increased from
4.10% to 11.92%. The SSD method realized efficient extraction of high quality Chinese fir essential oil, solved
the problem of large equipment investment and potential safety issues that caused by high-temperature
extraction, greatly improved the yield of essential oil, and clarified the relationship between chemical
composition and aroma. SSD method could meet different needs of Chinese fir essential oil products.

Key words: Chinese fir; essential oil; superheated water steam distillation; chemical composition;
separation and purification technology

ARG — M E R RIRARL, 0 TAK . AR R RIRRINZ —, AR &
B U H AR, A, IR A MORRERE AR A5 AR AR
G SR, AT T RS A AR AR, B T AAOR I R IR R A B U
RHIS ARG M A AT A AL, E28r EREZ, C2RmBAER T AL, ZAKE M
PIRAARRE . MARM . PO SRR G Y . FBAAAKG I S T A BTl

YRS EE: 2022-04-15; ERBEHA: 2022-06-20; DOI: 10.13550/j.jxhg.20220355
HEWHE: EXRELAVIALITBE (2018YFD0600405 )
EER®AN: B5FH (1998—), &, -4, E-mail: 283856723@qq.com. BRE A : & HL(1959—), B, #$Z, E-mail : zhukai53@ 163.com,



© 2522

A% 4m 4 T FINE CHEMICALS

%39 %

FURT, AR BUZ ARSI A 7 ik 2 2 K 2R
(SD) ¥, WRIZEHGE LA S T, KRR AL
ST B AZ ARG h i B i, BN ARl
IE, wIEE TR, (H i Tz 5 R W R 20,
WRBEAR, 7 AR IBUR 58 4, BF LURE il A5 3181
WA BOE SR BURAR g, 97 A UM R IGE 4, B
AR Z . wahtEz . BERD, Jf HiRfEE
TR AR B IR AL, P AR b 32 20 RR . ik
BRI AR GRS, ARG R R, 2
FEA R AR, A5 B RS A I P RS B 2 )
T, BEURE, WA R, HIRSib
ZHL P, FERASARS B B, AR I
TERAEEE L,

IR 78T B BE X AZ A il 2 HOSCR 2 iR AR
Ko AMFFE A 250 28 B € il (97 B 2 D) e K 7%
AR - AR B, W oK 22818 (SSD)
I ANG I . BB PURZE TR BERS AN
AR R BT , WRAZ ARG 4L
S ZIAROCHR, NIRRT B 2
SR B A R IR, Shyi JE A T 7 ol A SR S IR A

1 LIS

11 RFENEE

AR, WA EL; LRLBE, HHrd,
TC8 T WAL T A FRAF] s JoKBRERER . JoK LB,
rprat, R A BR A

HATIF I 118 B 2 D RE /K 28 <2818 - T 46
BB R, VLI BT T AR AIUA ) 2 A PR Wl T
W& 1 775 ; TRACE 1280-1SQ IS AH €83 J5 i Bt
F{Y ( GC-MS ), Z£[E Thermo Fisher Scientific A ;
RE-52 Bk 78 %, iR LA .

a— KZRTRAME ; b—id AR URE c—ZIIREKE AR
B d—IKEREM-TIHEE,; e KRAWARGKE,; (—HBX
PR 1—KRE; 2—BasT, 3—55 0 gy, 4—%—
WBEAY; S—IRAME
K1 i ok 28 AR B R A
Fig. 1 Schematic diagram of superheated steam distillation
equipment
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Fig. 2 Effect of superheated steam temperature on yield of

essential oil
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Table 1 Composition and relative content of essential oil
g PRI ot A Pt %
min 100 °C 130 °C 160 °C 190 °C 220 °C 250 °C 280 °C
1 6.19 Ci6H2aN,05 23 1] A1 JE 2K i 0.08 — — — — — —
2 12.26 CoH,50 7INTE] A P 0.14 — — — — — —
3 12.95 CoH,;50 e v 0.17 — — — — — —
4 18.94 CoH;50 a-H T 0.16 — — — — — —
5 19.11 CipHy0,  ZTRFA TR 0.40 0.36 0.36 0.36 0.38 0.62 0.59
6 19.36 CsHy, d-T RN 1.93 1.50 1.54 1.47 1.54 1.80 1.75
7 19.71 CisHas PN 0.32 0.25 0.27 0.23 0.27 0.36 0.33
8 20.03 CisHay o-FIAR N 16.61 16.30 17.90 17.87 19.11 26.66 30.14
9 20.26 CisHas SRR 4.10 7.33 8.09 7.64 8.31 11.01 11.92
10 20.52 CsHyy B Uk 437 0.95 1.16 0.87 1.04 1.21 1.11
11 20.98 CisHay BN 1.84 0.46 0.49 0.26 0.34 0.61 0.50
12 21.10 CisHag K 22 3l I 0.39 0.76 0.79 0.75 0.87 1.06 1.00
13 21.36 CisHay (1R,4R,58)-1,8- P HL-4-(§- 1.04 0.41 0.44 0.37 0.42 0.48 0.48
1-45-2-3 ) B2 [4.5]12% -7 -4

14 21.65 CisHa ey v 0.47 0.85 1.11 0.72 1.06 1.35 1.32
15 21.82 CisHaq AR I 0.81 1.54 1.54 1.28 1.50 1.63 0.77
16 21.98 CisHay BB 0.91 0.79 0.86 0.81 0.88 1.14 1.17
17 222 CisHay a-JE TR 0.95 1.33 1.43 1.42 1.44 1.90 2.20
18 22.34 CsHy, a- G 1.48 0.26 0.23 — — 0.31 —
19 22.49 Ci5Hy, LI5S 0.74 0.66 0.68 0.70 0.77 1.01 0.94
20 22.63 CisHay R E Ryl 1.41 1.27 1.30 1.05 1.29 1.57 1.81
21 22.86 CsHyy d- S TR 2.01 1.71 1.78 1.49 1.71 2.06 2.18
22 23.14 Ci5Hy, P M — 0.21 0.21 — 0.21 0.27 0.22
23 23.25 CisHay a- NI — — — — — 0.25 0.22
24 23.43 CisHao ZREE WS 0.26 0.28 0.30 0.25 0.29 0.40 0.38
25 23.67 Cy5Ha0 Wi 1.24 1.47 0.99 3.27 2.37 2.54 4.27
26 25.04 C5Hy0 FAA P 49.99 44.16 41.84 40.25 39.11 29.86 25.41
27 25.35 CisHa60 y-Fig 0.71 0.96 0.89 0.90 0.86 0.74 0.78
28 25.56 C5H,60 MK 2 0.11 0.24 0.22 — — — —
29 25.66 Cy5Ha60 - SRR S 0.44 0.68 0.63 0.63 0.58 0.50 0.44
30 25.74 Cy5Hy0 A0k e 0.16 0.22 0.20 0.20 — — —
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gk 1
i PREIITRIL e Tamain e,
min 100 °C 130 °C 160 °C 190 °C 220 °C 250 °C 280 °C

31 25.89 Cy5Hy60 21 2y 0.45 0.69 0.63 0.63 0.57 0.50 0.47

32 25.99 Ci5H20 HAAR -8-05- 15 0.15 0.34 0.30 0.30 0.27 0.26 0.24

33 26.21 CiiHps0, LRI 1.36 1.83 1.69 1.76 1.45 1.20 1.15

34 26.48 CisHpnO, AR 0.15 0.33 0.31 0.23 — 0.20 —

35 26.59 C5H20 VN 0.57 0.86 0.74 0.80 0.74 0.42 0.35

36 26.68 CaH3,0 Ta-SERMRH-45- " FIEFER 049 1.02 0.91 0.90 0.81 0.25 0.25
-4 R

37 26.87 CaoHs, SEMEmE LR -9(11),5- 4 0.17 0.45 0.35 0.38 0.34 0.78 0.70

38 28.78 CaoHs, g 0.86 1.11 2.05 2.35 2.26 1.78 1.79

39 32.01 CyoHs, TFRN-8(14),15- 45 — — — 0.23 — 0.19 0.17

40 32.34 CysHyy FER — 1.41 1.49 1.83 1.80 1.43 1.33

41 33.11 CaoHa, TH AT — — 0.23 0.30 0.32 0.27 0.27

42 33.20 CaH3,0 Ta- R E-45- " FiEs  — 1.06 1.12 1.43 1.40 1.03 1.00
B Tl -4- 5 7

43 33.48 Ci5H0 AL VIR IR 0.68 0.73 0.95 0.94 0.60 0.44

44 33.70 CyH3,0 13-FRIHIZEE 0.56 0.60 0.81 0.80 0.51 —

45 34.89 CaH30:,  HEIEE 1.43 2.90 2.55 3.11 2.81 0.87 0.83

46 36.13 CyH360 5-(7Ta- 5 N M ik -4,5- — H 2k 0.23 — — — — —
J\E B -4-3E)-3-F 32 )R

47 36.29 CyH3,0 A B 0.13 0.50 0.44 0.53 0.49 — 0.17

48 37.49 CaH300,  {RHLFARR — — 0.22 0.21 0.20 0.27
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Fig. 3  Effect of superheated steam temperature on relative
content of cypress olefin and cypress alcohol
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Fig. 6 Odor evaluation chart of Chinese fir essential oil
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