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Analysis of the Composition of Essential Oils from Four Citrus Peels
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Abstract: This study provides a theoretical basis for comprehensive development and utilization of citrus volatile oils through examining
the volatile oil composition. The volatile oils were extracted via Supercritical Fluid Extraction (SFE)-CO, from satsuma, lemon, navel orange,
ponkan for the analysis by GC-MS. The final oil yields for citrus, lemon, navel orange and ponkan were 0.620%, 0.556%, 0.593% and 0.742%,
respectively. The results showed that 39, 33, 37 and 31 volatile compounds, respectively, were found in four types of volatile oils, and they were
mainly terpenes, alcohols, aldehydes, esters, ketones, and phenolics (among which terpenes, alcohols, aldehydes had higher contents). While the
volatile oils of four citrus peels had their own distinct components, they all contained D-limonene, S-elemene, citronellol, elemol, sunflower
aldehyde, (E.E,E)-2,6,10-trimethyl-2,6,9,11-dodecatetraenal, etc. It was concluded that these common compound and unique components
represent one of the factors influencing the quality of citrus. The use of retention indices to distinguish the isomers could improve the accuracy

of a qualitative compositional analysis for natural fragrance materials.
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Fig.1 Total ion chromatogram of volatile oil components from
four citrus analyzed by GC-MS
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Table 1 GC-MS analysis results of volatile oil of Satsuma

) oy
457 1,3,5- 3 & = Hs C/Hg 74 0.45 772 762
13.76 DA77 M CioHis 97 6.37 1045 1033
22.05 KB C1oHy0 95 0.48 1205 1206
23.11 ¥ B C1oHy0 89 0.28 1231 1231
25.05 WS CioH,,0 87 0.40 1280 1272
27.87 BEA- o AR CisHy 79 0.48 1345 1344
28.66 LEA B C,Hy0, 88 0.47 1356 1354
28.76 T A s CoH,,0, 84 0.32 1359 1357
29.52 Hem CysHy 94 0.73 1378 1376
29.95 BABR Aot Al CpHy0, 91 0.55 1388 1382
30.14 TEB T CysHy, 95 0.82 1393 1389
30.23 B-HEE CisHy 94 0.90 1395 1391
30.98 + s CpH0 96 1.39 1407 1409
31.08 Aot g C1oH,50, 78 0.50 1410 -
31.33 T At CisHy, 86 0.50 1416 1419
33.87 T AR KARA T My CisHy 95 L11 1481 1481
34.36 AL AR CisHy, 91 1.24 1493 1492
35.06 o-ik R CysHy 96 5.12 1509 1508
35.25 2,5- =BT A RE C14Hx0 74 1.29 1514 1514
36.61 HABE Cy5Hy0 96 3.75 1548 1549
38.18 ThARER Cy5Hy0 86 0.32 1583 1587
38.59 A BB C16HasS 79 0.51 1598 -
39.56 Z-0-REALTIE B e Cy5H0 83 0.53 1624 -
40.11 THANEE Cy5Hy0 77 0.32 1639 1642
40.54 R AR C5Hy0 82 0.33 1650 -
41.67 o185 B CysHp0 85 1.81 1681 1681
4220 iErinis CsHp0 94 14.68 1695 1695
44.20 (E,EE)-2,6,10-= % #.-2,6,9,11-+ = va fis-1-B CsHp0 94 27.25 1752 1752
45.87 Rz il CsHp0 95 3.29 1800 1808
48.75 4,6,6- = F -2-F BT A VGR[3,1,1]3- Bt CpH;0 84 1.47 1886 -
49.88 F R BR A B C15Hy0, 80 0.74 1920 1606
51.15 + A T AR C16H2605 81 0.59 1960 1966
51.24 7-9 37+ v ts-1-85 LAY C7H3,0, 78 0.52 1963 -
52.17 +o 84 LB C15H360, 86 0.32 1992 1993
55.13 2,2'- T8 F R (4- T Hh-6-F T KB CyH3,0, 91 4.73 2088 2365

TR

267



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.4

BELER
57.19 I 5th B LB CyoH360, 89 1.38 2158 2162
58.61 +N\HEER C5H3,0, 86 3.38 2164 2141
59.81 +NBL 2- A b s CyHy0, 72 1.22 2305 2251
60.90 P8 B CaoH50 94 9.46 2958 3321
7E: RIAMFEAL, RI*H NIST 14 94 RAE, & T At h SAKTHRIR,
= 2 ITIRIEL MRS GC-MS LR
Table 2 GC-MS analysis results of volatile oil of lemon
13.76 D-#74 M CioHyg 97 3.69 1045 1033
21.30 o-ANhEE C1oH,50 97 0.58 1186 1189
22.05 R C1oHy0 97 0.56 1205 1206
23.08 5 C1oHy0 91 1.07 1231 1231
24.98 ATALBE CoH,c0 93 0.68 1279 1276
29.14 CEAEIEES C1,Hy0, 97 2.82 1368 1364
30.24 B-HAEM CisHy 96 2.02 1395 1391
30.98 + ks CpH0 98 1.90 1407 1409
31.74 o-F B CisHy 95 0.62 1431 1432
32.06 B X-a-FHh M CsHyy 94 0.83 1435 1435
33.87 PR £ He CysHyy 92 0.60 1481 1477
33.98 P FH CisHyy 97 0.82 1483 1465
34.40 B BAGS CsHoy 98 20.03 1494 1492
35.05 P-LTiX M ORH,, 95 3.54 1510 1509
35.22 ZTHAAEAFTR CisHxO 90 3.02 1514 1513
35.32 7-Fk-oAetibBE C1sHy0 91 1.90 1517 -
36.61 MABE CisHy0 97 3.02 1549 1549
37.86 T At Ak C,5H0 93 2.19 1580 1581
40.58 +AFRETF AR C,5Hy0 91 1.37 1651 1660
4220 RS C5H0 88 6.92 1695 1695
43.05 B R -6 R BE CisHy0 89 1.87 1719 1722
44.18 (E,E,E)-2,6,10-= F %.-2,6,9,1 1-+ = ra - 1-8 C5H0 91 7.50 1751 1752
45.01 A S REE C16Hz4S 79 0.44 1775 -
45.55 1-Heptatriacotanol iE =+-BF C3;H760 86 0.96 1790 -
45.90 il C5H0 96 8.94 1800 1808
46.12 7-% A7 9t - 1-85 LA BS C7H3,0, 83 0.69 1807 -
46.33 Z.E-2,13-+ N\ )-1-B5 CsH3,0 86 0.77 1813 -
47.90 Z-(13,14- 3R 8+ w sk -1 1- K- 1-B5 84 g C16H2505 85 0.84 1860 1849
49.72 E,E,Z-1,3,12-F JUBK = }-5,14-—B% CoH3,0, 86 0.63 1915 -
49.88 7-9F 37+ v b-1-85 LAY C7H3,0, 85 1.38 1920 -
51.16 + ot AT BT C16H2605 78 1.18 1960 -
52.33 7-9F 7+ v b-1-85 TR S C7H3,0, 82 2.53 1997 -
55.16 2,2'- 30 P H AR (4-F 26 T AR Cy3H3,0, 81 12.16 2096 2365
60.49 E,E,Z-1,3,12-F JUBK = }-5,14-—B% CoH3,0, 82 1.91 2338 2289

7E: RIAMZAE, RI*H NIST 14 49858, “" k7 At RAKTFHMIIR,
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3 BHEIE &AM GC-MS HTEER

Table 3 GC-MS analysis results of essential oil components of navel orange

; oy

o e R
13.77 D-ATAE CioHyg 97 3.71 1044 1033
2131 o-ANhEE C1oH,0 97 0.69 1186 1189
22.06 23S C1oHy0 98 0.58 1205 1206
23.08 FF C1oH,0 91 1.22 1231 1231
2429 Aot is CoH,0 93 0.57 1261 1255
24.99 ATAR L CyoH;60 94 1.04 1279 1276
27.88 BEA- o AR CsHyy 82 0.54 1345 1344
28.77 T A hEy CoH,,0, 92 0.39 1359 1357
29.15 CEAEIEBS C1,Hy0, 97 3.68 1368 1364
30.25 BB CysHas 95 1.84 1396 1391
30.99 + C,H,0 97 1.94 1407 1409
31.35 T At CisHy 96 1.37 1416 1419
31.76 o-F B CisHys 90 0.68 1432 1432
32.08 R A -a- A M CysHpy 91 1.23 1435 1435
32.99 (B)-B-&4 M CysH,0 85 0.73 1458 1457
33.89 RSN CisHy 83 0.82 1481 -
34.42 AL AR CisHyy 97 19.60 1495 1492
35.06 S-4TE b CisHas 92 5.23 1507 1509
35.24 ZTHRAELAFTR CisHx0 88 4.06 1512 1513
35.34 7-&k-o-vt b B CysH,sO 86 1.86 1514 -
36.34 FRER AT BE C15Hy60, 80 0.68 1546 1606
36.63 WA C1sHy0 96 2.97 1547 1549
37.81 T b B Akdh Cy5H,0 89 1.74 1580 1581
37.98 A HEE C16H34S 82 0.36 1582 -
39.68 Longifolenaldehyde =t }#% C;5H,0 85 0.43 1627 1631
41.14 Patchouli alcohol & Ak 2% C15Hy0 87 0.95 1666 1660
43.06 12-F 2B, E-2,13-4 B —¥h-1-B% C1oH30 84 2.06 1720 -
4420 (B,E,E)-2,6,10-= % 2.-2,6,9,1 1-+ = ra - 1-8 C,5H,0 85 8.23 1752 1752
4451 E,E,Z-1,3,12-F JUBK = H5-5,14-—B% C1oH340, 81 1.16 1760 -
45.35 1-Heptatriacotanol iE =+t B C3H;60 83 0.73 1784 -
4591 #-F C5H0 92 8.45 1800 1808
46.26 L E C15H,0, 81 1.15 1866 1899
47.92 Z-(13,14-FR 8 L)+ va 88 -11-Hi- 1 -BE L BR g C16H250; 85 1.25 1861 1849
49.15 7-F -7 v b-1-B5 LAY C7H3,0, 80 1.68 1897 -
49.89 E,E,Z-1,3,12-F JUBK = }-5,14-—B% CoH340, 85 0.89 1921 -
54.66 Z-5-F H-6- =+ —H-11-F) C,H4,,0 84 10.97 2073 -
57.56 N HE C5H340, 83 453 2170 2141

JE: RIAMFAL, RI*A NIST 14 98 &8, “kamk4bd AKTHARIR,
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R4 FHIEL MRS GC-MS TR
Table 4 GC-MS analysis results of volatile oil from ponkan

12.19 B- P AEHs CyoHyg 96 1.85 990 991
14.05 D-Ar# M CioHis 97 46.66 1054 1032
1527 AN My CioHyg 97 12.42 1058 1060
16.56 a-FeAN T M CioHyg 97 1.66 1086 1088
17.18 AR (RGBT CoH 50 98 2.56 1100 1099
19.64 A B CoH 50 97 1.14 1152 1153
21.32 o-ANhEE CoH 50 97 0.49 1186 1189
22.09 R CoHy0 99 2.53 1206 1206
23.14 FF C1oH,0 97 1.35 1232 1231
23.40 F-FERAAFHE2-(1-FLTH) CyH;0 95 1.69 1239 1235
25.08 NS CyoH1,0 87 0.43 1281 1272
26.05 A E By CioH,0 95 1.49 1305 1291
26.64 +— () B8 C;Hp0 95 0.41 1306 1307
28.68 LA B C,H0, 97 0.91 1356 1354
29.04 2,6-= W A2,7-F ZHi-1,6-—B% CoH;50, 96 0.38 1366 1361
29.17 CEARTEES C1,Hy00, 97 1.07 1369 1364
29.55 + B CysHay 95 0.39 1378 1376
29.98 B, LEABS C,7Hy50, 93 0.59 1389 -

30.28 P-HA CsHyy 97 2.34 1397 1391
31.03 RS C;,H,0 99 2.36 1408 1409
31.12 LB A BS C,H0, 83 0.27 1411 1408
32.77 At CisHy, 89 0.77 1453 1440
34.94 o-B MBS Cy5Hy0 68 0.48 1504 -

35.09 o-ik Rbe CisHas 87 1.45 1508 1508
36.65 WA S C15Hy0 94 0.98 1548 1549
37.23 3,7,11- =% 3£-1,6,10-+ =kt = H-3-B3 CsHy0 90 0.39 1563 1564
41.61 S IR A B C15Hy60, 82 0.78 1634 1606
4223 p-Eams CysHp0 89 2.18 1696 1695
4424 (E,EE)-2,6,10-= % 3-2,6,9,11-+ =kt va k- 1-B% C5H,0 89 4.89 1753 1752
46.36 E,E,Z-1,3,12-+ JUBK = %-5,14- —B% C1oH3,0, 88 0.35 1814 -

55.41 2,2'- T2 F A - (4- F Fh-6-d T KB CyH;,0, 79 475 2107 2365

7E: RIAMFAL, RI*A NIST 14 694 R A8, “ & TRt KT M,
=5 4 HAEHBEEL BRI MESE

Table 5 Content of components in four different citrus volatile oils

n A R W 7t

? SR A B SR M SRV A
M % 19.72 12 32.17 8 36.18 11 67.54 8
RS 17.28 9 13.17 10 13.46 11 6.98 8
ik 44.20 5 17.58 5 11.64 4 13.94 7
fig & 5.2 7 8.29 4 7.29 4 3.62 5

BT
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BER
RS 3.29 1 8.89 1 20.57 3
Bk 6.34 3 13.52 2 0.38 1 6.24 2
e 3.38 1 453 1
HA 0.59 1 6.39 3 5.8 2 1.69 1
4eit 100 39 100 33 100 37 100 31

2.5 VAR R AT K e B AR R AT

AR st PR AR B R S5 R R R IR A
TRMER B HIREA O 15 i, DL oy-2 S BRI X 5
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IR A 5 B WG SREE p-i T p-
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RO, X AT RE RIS T T T R
HA [ p-r e AR A S, e
G SRR R AL B IREAT T 6 Tl
WA I Y KMHIRIESE, A S e 5%
PAR s POARFA B 14 i, DL y-Faihids 10 ey,
Hrr )& A B L E R R, TE
F T B ARG S R ) X EURHE 7 AR B /D,
B O EANTIE A G A [ S R A A 2
AR, RIS WM AR T 5T o

3 Z5ip
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