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Abstract: In this study, pomelo peel essential oil was prepared by cold pressing, steam distillation and mechanical dermabrasion. The
effects of direct injection and solid phase microextraction (SPME) on the type and amount of volatile components of pomelo peel essential oil
were compared. Principal component analysis (PCA) and partial least squares discriminant analysis (PLS-DA) were applied to analyze the
volatile components in essential oils extracted from the three methods and identify the characteristic volatile compounds. The results showed that
totally 69 compounds were identified by the approach involving direct injection combined with GC-MS, and 51 compounds by SPME
combined with GC-MS, with the direct injection approach showing the volatile profile of essential oil more comprehensively than SPME. For
the volatile profiles obtained by the direct injection method, PCA analysis can distinguish the three kinds of pomelo peel essential oils with those
derived from cold pressing and mechanical dermabrasion being more similar. PLS-DA analysis revealed that the characteristic volatile
components in the three essential oils can be distinguished: Sabinene, D-limonene, a-terpineol, f-myrcene, a-pinene,and 4-terpineol in cold
pressed oil; Linalool, (R)-limonene oxide and 8,9-dihydroneisoxylene in steam distillation oil; Nootkatone, n-palmitic acid, and
(2,2)-9,12-octadienoic acid in dermabrasion oil. Among them, the characteristic volatile compound limonene oxide (5.19%) in steam distillation

oil exhibited an irritating odor. The volatile components with a retention index greater than 2000 was higher (4.61%) in dermabrasion oil, which
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affected the clarity and stability of essential oils. Based on the above analyses, the quality of the pomelo peel oil prepared by cold pressing was

better.

Key words: cold pressing; steam distillation; mechanical dermabrasion; pomelo peel essentialoil; principal component analysis (PCA);

partial least squares discriminant analysis (PLS-DA)
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Fig.1 The real picture of pomelo peel essential oil prepared by

three methods
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Table 1 The result of extraction rates of production of essential
oil from the three extraction methods
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Fig.2 The effects of direct injection and SPME injection on
volatile substances of essential oils
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Table 2 Direct injection method and SPME method were used to identify the volatile components of pomelo peel oil

AR Y TRIZ /% SR H/%
Woethan%k - wave . s mav. . -+ o ave .
EE:Sivi oy SPME % BB SPME % RS SPME %

S 93.41 97.50 95.71 97.00 90.04 96.76
B 1.64 0.95 1.76 0.72 1.28 0.61
Bk 1.28 0.57 0.63 133 0.33 0.39
EES 2.15 0.45 1.02 0.26 3.80 0.49
EES 0.63 0.49 0.62 0.60 0.66 0.55
S 0.48 0.00 0.07 0.00 225 0.59
E: i) 0.41 0.04 0.18 0.09 1.65 0.61

it 100.00 100.00 99.99 100.00 100.00 100.00
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Table 3 Direct injection method and SPME method were used to identify the volatile constituents and relative contents of pomelo peel oil

}? FR MRS R PREg aF i) PR ek N TR =% - X SPME /% N

Kl BAE D KIEh JE R B KA JE R 5h

1 Furfural AREES 6.57 800 / / / / 0.11£0.01 /

2 2-Hexenal, (E)- (B)-2- Tdmls 7.47 823 / / / / / 0.04+0.01
3 1S-.alpha.-Pinene (1S) -a-5Hr 13.28 931 2.05£0.08 1.35+£0.037 1.65+0.19 1.21£0.12  2.1540.21 1.1240.13
4 Bicyclo[3.1.0]hexane, 4-methylene-1-(1-methylethyl)- At 15.65 973 0.73+0.01  0.63+0.07 = 0.3+0.00 0.63£0.02 0.73+£0.09 0.3+0.01

5 .beta.-Pinene P 16.42 982 0.33£0.01 0.01+0.01 0.28+0.08 / / /

6 .beta.-Myrcene - A AR 17.15 994 7.840.21 5.21£0.18 5.04+0.19 6.68£0.74 7.8+0.98 5.16+£0.45
7 .alpha.-Phellandrene a-7K It M 18.22 1009 0.06£0.01  0.09+0.00 0.06+0.01 / / /

8 D-Limonene D-A7A M 19.72 1045 81.07+2.06 80.31+1.94 80.02+3.08 87.69+2.87 85.32+1.45 88.54+3.87
9 1,3,6-Octatriene, 3,7-dimethyl-, (Z)- T ¥ 20.73 1056 0.38+0.02 0.31+0.01 0.33+0.05 0.49+0.01 / 0.4440.03
10 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- FAN T M 20.63 1066 0.11£0.01  0.02+0.01 / 0.02+0.01 0.03+0.01 0.04+0.01
11 2-Furanmethanol, 5-ethenyltetrahydro-.alpha.,.alpha.,5-trimethyl-, trans- ko) F B 21.43 1081 / 0.01+0.01 / / 0.03+0.01 /

12 Cyclohexene, 1-methyl-4-(1-methylethylidene)- i o e M 224 1089 0.01£0.01 0.02+0.01 0.21+0.01 0.05+0.01 0.05+0.01 0.33+0.02
13 2,6-Octadien-1-ol, 3,7-dimethyl-, (Z)- e 23.88 1118 0.65+0.06 1.24+0.01 0.26+0.03 0.25+0.01  0.42+0.03 /

14 Limonene oxide, trans- (R)-BMATA 24.64 1142 0.01£0.01 5.19+0.37 / 0.02+0.01  0.03+0.01 0.04+0.01
15 2,6-Dimethyl-1,3,5,7-octatetraene, E,E- RS r-di 24.491 1141 / / / 0.05£0.01 0.12+0.01 0.07+0.01
16 2,4,6-Octatriene, 2,6-dimethyl-, (E,Z)- PR 24.825 1148 / / / 0.01+0.01 / 0.07+0.01
17 cis-p-Mentha-2,8-dien-1-ol BT -2,8- = Hi-1-B3 25.31 1155 / 0.02+0.01 / / / 0.02+0.01
18 6-Octenal, 3,7-dimethyl- (- 25.49 1158 0.3£0.01  0.02£0.01 0.01+0.01 0.04+0.01  0.04+0.01 /

19 3-Cyclohexen-1-ol, 4-methyl-1-(1-methylethyl)- 4-ik S0 BF 27.27 1194 0.35+0.01  0.02+0.01 / 0.01£0.01  0.06+0.01 /

20 Decanal BB 28.212 1213 0.56+0.02 0.28+0.02  0.1+0.01 0.07£0.00 0.03+0.01 0.14+0.01
21 3-Cyclohexene-1-methanol, .alpha.,.alpha.4-trimethyl- -4 B 28.62 1215 0.62+0.06  0.43+0.08 0.04+0.01 0.69+0.13  0.21£0.07 0.06+0.01
22 2-Cyclohexen-1-ol, 2-methyl-5-(1-methylethenyl)-, cis- IR K - F B 29.63 1243 0.13£0.01  0.10.01 / 0.04£0.01  0.09+0.01 /

23 2,6-Octadienal, 3,7-dimethyl-, (Z)- (Z2)-ArA Bt 30.3 1246 0.18£0.02  0.02+0.01 0.04:+0.01 0.16£0.01 0.39+0.03 0.08+0.01
24 2-Cyclohexen-1-one, 2-methyl-5-(1-methylethenyl)-, (S)- T2 A% A 7t B 30.2 1254 / 0.18+0.02 / 0.05£0.00 0.13+0.00 0.03+0.01
25 2,6-Octadienal, 3,7-dimethyl-, (E)- (B)-A7A Bt 31.47 1277 0.12£0.03  0.06+0.01  0.05+0.00 0.26+0.03  0.55+0.07 0.12+0.01
26 1-Cyclohexene-1-carboxaldehyde, 4-(1-methylethenyl)- NS 31.7 1286 0.1£0.01  0.23+0.01 0.1+0.01 0.04+0.00 0.06+0.010 0.02+0.01
27 Naphthalene, 1-methyl- -FHAR 33.61 1311 / / 0.1240.01 / / 0.29+0.01
28 Naphthalene, 2-methyl- 2-F AR 33.71 1327 / / 0.05+0.01 / / 0.27+0.01
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Cyclohexene, 4-ethenyl-4-methyl-3-(1-methylethenyl)

29 1 (1-methylethyl)- (3R-trans). S-HLAH 3422 1335 0.16£0.01 0.03+0.01 0.19£0.03  0.14£0.01 0.17£0.01 0.12+0.01
30 2,6-Octadien-1-ol, 3,7-dimethyl-, acetate, (Z)- (Z)-F¥58 TEAES 35.47 1362 0.15+£0.02  0.02£0.01  0.12+0.01 0.2+£0.02  0.13+0.01 0.25+0.03
31 Geranyl acetate LB At By 36.15 1382 0.55+0.04 0.36+0.01 0.44+0.03 0.48+0.04 0.36+0.02 0.43+0.07
32 Hexanoic acid, hexyl ester TFR Tk 36.43 1387 / 0.24+0.01 0.01+0.01 / 0.02+£0.01 0.01£0.01
Cyclohexane, 1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)-, s
33 [1S-(L.alpha.,2.beta. 4.beta.)]- S-HEEHs 36.91 1393 0.04+0.01  0.01£0.01 0.05+0.01 0.04+0.01 0.05+0.01 0.05+0.01
Bicyclo[7.2.0Jundec-4-ene, o A
34 4.11,11-trimethyl-8-methylene-,[1R-(1R* 4Z.95%)]- O-FT AN 37.6 1416 0.030.01 / / / / 0.04+0.01
35 Caryophyllene v-B Ak 37.94 1421 0.01£0.01 0.04+0.01 0.31+0.01 0.34+0.03  0.4+0.07 0.29+0.01
36 .gamma.-Elemene Y-AA 38.32 1431 0.01+0.01 0.29+0.04 0.02+0.01 0.02+0.01 0.02+0.01 0.04+0.01
37 Naphthalene, 1,6-dimethyl- Lo6-=—F -2 39.24 1441 / / 0.02+0.01 / / 0.05+0.01
38 .alpha.-Caryophyllene a-B AW 39.65 1458 0.04£0.01  0.04£0.01 0.01£0.01 0.04+0.01 0.05+£0.01 0.04+0.01
39 2-Tridecenal, (E)- (B)-2-+ = Hsit 40.27 1476 0.02+£0.01 0.02+0.01  0.03+0.01 / 0.02+0.01 /
40 Germacrene D KARAH M 40.65 1484 0.15£0.01 0.12+0.01 0.11+0.01 0.09+0.01 0.1+£0.01 0.05+0.01
Naphthalene, 1,2,3,5,6,7,8,8a-octahydro-1,8a-dimethyl-7- e
41 (1-methylethenyl)-,[1S-(1.alpha.,7.alpha..8a.alpha.)]- EAb T T AG 42.29 1495 / 0.04+0.01 0.07+0.01 / 0.06£0.01 0.02+0.01
42 (-)-.alpha.-Panasinsen a-A B 42.09 1523 / 0.02+0.01 / / 0.03£0.01 0.02+0.01
43 1,5-Cyclodecadiene, 1,5-dimethyl-8-(1-methylethylidene)-, (E,E)- KA ) Lhe 43.8 1561 0.05+£0.01 0.04£0.01 0.07+0.01 0.02+£0.01 0.02+£0.01 0.01£0.01
. . S-(2)-3,7,11-= -1,6,10-+—}%
44 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, [S-(Z)]- 2 _ ;:ftgg_ T 45.6 1573 / / 0.23+0.01 / / /
45 Dodecanoic acid FIARBR 4821 1610 / / 0.05+0.01 / / /
Azulene, 1,2,3,3a,4,5,6,7-octahydro-1,4-dimethyl-7-(1-methylethenyl)-, e |
46 [1R-(1.alpha.3a.beta. 4.alpha.. 7. beta.)]- A A 48.26 1680 / 0.15+0.01 / / / 0.04+0.01
47 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl- =BT 50.36 1728 / 0.02+0.01  0.2+0.01 / / /
48 2,6,10-Dodecatrienal, 3,7,11-trimethyl- Ak R 50.86 1743 0.02+ / 0.07+0.01 / / /
49 2,6,10-Dodecatrienal, 3,7,11-trimethyl-, (E,E)- (EE)-&43K B 50.71 1746 / 0.02+0.01 / / / /
50 Sesquirosefuran A&F 3R 52.81 1776 / / 0.03+0.01 / / /
51 Solavetivone $25 2 H R 53.49 1814 / / 0.05+0.01 / / /
2(3H)-Naphthalenone, 4,4a,5,6,7,8-hexahydro-4,4a-dimethyl _ -
52 “6-(1-methylethenyl).. [4R (4.alpha. 4a.alpha. 6 beta.)]- I 7 5354 1822 1.8740.12 0.77£0.07 321£0.09  0.08+£0.01 0.1+0.01 0.18+0.01
TR

69¢



0LT

LR
53 2,6-Bis(1,1-dimethylethyl)-4-(1-oxopropyl)phenol 2,6- =T ot 5 AR A B 57.6 1906 0.07£0.01 / 0.19+0.01 / / 0.02+0.01
54 1,2-Benzenedicarboxylic acid, butyl octyl ester AR W ERE T S 85 58.47 1962 / / 0.02+0.01 / / /
55 2H-1-Benzopyran-2-one, 7-hydroxy- 7-#A A& 58.92 1969 / / 0.07+0.01 / / /
56 5-Hydroxy-1-tetralone 5-#H-1-m S AER 59.63 1982 / / 0.03+0.01 / / /
57 n-Hexadecanoic acid n-AFAR R 60.68 2005 0.11£0.01 0.07+0.00 1.1+0.05 / / 0.25+0.03
58 Hexadecane +ok% 63.570 2099 / / 0.21+0.01 / / /
59 Osthole W AR TEY 64.14 2146 0.29+£0.01 0.08+£0.01 0.27+0.03 / / /
60 9,12-Octadecadienoic acid (Z,2)- (Z,2)-9,12-F+ Ntk 64.93 2170 0.05£0.01 / 0.6+0.03 / / /
61 cis-Vaccenic acid JA X - NBMER 65.99 2197 0.32+0.01 / 0.27+0.01 / / /
62 Octadecanoic acid B2 PR ER 66.23 2200 / / 0.23+0.01 / / /
63 Neoisolongifolene, 8,9-dehydro- 8,9- — A A Kt M 67.59 2252 0.05+0.01 1.8+0.03 0.81+0.01 / / /
64 Pyrazol-5(4H)-one, 3-(4-methoxyphenyl)- 3-4-FR R A LSk ok B 68.59 2293 0.21£0.02 0.07+0.01 0.32+0.01 / / /
65 Tricosane E=F =M% 69.02 2299 / / 0.210.01 / / /
66 Oxirane, hexadecyl- TRARA LK 71.61 2398 / / 0.03+0.01 / / /
67 1,19-Eicosadiene 119-=+8 =¥ 72.4 2404 / / 0.51+0.01 / / /
68 1-Benzylphthalazine 1-F A Bk 73.42 2465 / / 0.14+0.01 / / /
69 2-Methyl-Z,Z-3,13-octadecadienol MR IR-2- 5 3 -3,13-+ N\ b B 74.18 2477 / / 0.24+0.01 / / /
70 Eicosane =tk 74.77 2499 / / 0.36+0.01 / / /
71 12-Methyl-E,E-2,13-octadecadien-1-ol 12-% 3% -E E-2,13-+ /\#% —##-1-B2  75.12 2528 / / 0.22+0.01 / / /
72 2-Methyl-Z,Z-3,13-octadecadienol 2-¥ ;.7 7-3,13-+ AR Bz 75.98 2538 / / 0.22+0.01 / / /

E: O RTmARAEd.
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4 SRR, KIEHREER A PCA FUSFIEE, AR R FUNEE
Table 4 Eigenvalues, cumulative contribution and predication performance (PCA) of different varieties of oils

R HEAEE T BRF Rty 2ARERY RitBunie ) Q°
1 5.58 0.620 0.620 0.500
2 248 0.276 0.896 0.817

5 OV, IR BER M PLS-DA BUSSIEE. SRR K FunsE
Table 5 Eigenvalues, cumulative contribution and predication performance (PLS-DA) of different varieties of oils

EX HEAEE TARE Rtr 2R#RERY  Ritiniges) Q°
1 6.31 0.493 0.493 0.402
2 2.69 0.492 0.954 0972

24 HEHAENE = FF R BOR 0 E R K

281 PCA 447 LA B PLS-DA 2 #

NHE— SR IR B 20 A A T R M 143 1)
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B, B 4. 5 AIHL, PCA AU 2 ANy, WA
ZHCON R*X=0.896. Q*=0.817; PLS-DA HiMfu s 2
NEHRS, MESEN RPX=0.954. Q*=0.972. R’X
R | RBAER T, Q™>0.8 RMITIIZHK T,
H R B DA 2 AMERIERRE S 78 73 1K) S = o7 i)
B S EREESUNEIS

205 20 5 10 50 510 15 20
3 BRI PCA 55 E
Fig.3 PCA score plotsof volatile components of different
varieties of oil
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Fig.4 PCA loading plots of volatile components of different
varieties of oils
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Hs R (- 1T D). B, 25 BRTR, AHER
IKHRI, VW5 B B i B SE B IR R MR I S 4H.
8 HIGRERYIBT AR, PR B B A T B S 4
PG FEANRRE . DRI, VA WRIHT A A L
3R 6 FEMIELMERR ST PIBTERRSSD (VIPX)
Table 6 Potential markers of volatile components of different

varieties of oils

Y VIP {& PRE
14 3.56 (R)-E8uAT# b
6 3.01 B-A#EHs
52 226 ) A )
63 2.08 8,9-—&H F ket
8 1.79 D-AvAE M
57 1.68 n-1FAR B
13 1.41 B
3 1.36 oS
21 127 o-ANhEE
60 1.25 (Z,2)9,12-+ Nt
67 1.20 1,19- =+ =¥
20 1.17 B
4 1.09 M b
19 1.07 4-% B2

3 &g

3.1 KA SPME FlH it #f v 45 & A
(GC-MS) XFAME K3 DL B Ry 4 i
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