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Effect of Ultrasound-assisted Extraction on the Hydrodistillation
of Volatile Components from White Pepper Essential Oil

SU Kai, YANG Fan, SUN Shuang, WANG Yanbo, BI Shuang’, LIU Ye'

(School of Food and Health, Beijing Technology and Business University, Beijing 100048, China)

Abstract: To compare the differences in volatile components between white pepper essential oil extracted by ultrasound-
assisted steam distillation and traditional steam distillation, the two methods were used to prepare the essential oil in this
study. Subsequently, combined with LLE, the sample was comprehensively analyzed using GCxGC-O-TOF-MS.
Additionally, aroma extraction dilution analysis (AEDA) was conducted to screen for aroma-active compounds with a
dilution factor (FD) of =32 for precise quantification, and their odor activity values (OAVs) were subsequently calculated.
The results indicated that a total of 109 volatile odor compounds, including 49 terpenoids, 27 alcohols, 12 ketones, 7
aldehydes, 5 esters, and 9 other compounds, were identified in the two white pepper essential oils. By comparing the types
and concentrations of volatile compounds in these oils, it was observed that ultrasound-assisted hydrodistillation exhibited

effective extraction of terpenoids. Olfactory analysis detected odors from 41 aroma-active compounds in the two white
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pepper essential oils. The OAVs of aroma-active compounds, including 3-carene, myrcene, a-terpinene, (+)-limonene, p-

cymene, caryophyllene, linalool, and terpinine-4-ol, in white pepper essential oils obtained through ultrasound-assisted

hydrodistillation were all increased. These findings suggested that ultrasound-assisted hydrodistillation not only improves

the extraction rate of white pepper essential oil but also effectively promotes the generation or release of aroma-active

compounds. This study provides a methodology and insights for enhancing the flavor quality of plant essential oils extracted

by traditional hydrodistillation.
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hydrodistillation and ultrasound-assisted hydrodistillation
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Table 1 Types, concentrations and FD factors of volatile odor compounds of two white pepper essential oils
CEN e aman A E e S I (mgmL) FORT
e RMA RIE  wpEO-1 WPEO-2  WPEO-1 WPEO-2
1 B-IRNE ARBTBR, HHR 1096 1100 36.23£9.419°  54.149+2.158" 8 2 MS,RI,O
2 = AR, HIAEIR . FRE 1110 1113 3.951£0.905°  0.0340.009° 8 8 MS,RI,0O
3 3-¥ I R, BEZ90R  EFIR 1142 1147 54.741£5.021°  66.070£7.016° 128 128  MS,RL,0,STD
4 o-RM R Ve Lk 1115 1153 0.316£0.254*  0.014+0.007 4 MS,RL,O
5 AR BB, BHRUR. RR 1168 1155 2.783+3.681°  10.501+0.518" 2 MSRLO,STD
6 IR FHAGRR . HHBR . BIME  1157 1158 14.543+4.154°  15.252+3.130° 2 2 MS,RI,0
7 oA RBTBR, FPERR . HARBR 1172 1171 2.745£0.504*  2.754+0.172" 64 32 MS,RLO,STD
8 (+)-Frtalas MG Etk 1185 1195 35.76£12.446" 47.62442.348° 64 128 MS,RLO,STD
9 BRI T 1195 1202  6.803+0.312°  8.357+0.894° 16 2 MS,RI,0O
10 p-1,3,8- = VN EIZSNEES]V S 1200 1207  0.987+0.241"  0.658+0.132° 2 2 MS,RL,O
11 LAkt 3% AR | T ER 1169 1212 0.705£0.132*  0.902+0.082° - - MS,RI
12 oA AT, HHR 1203 1230 - 0.499+0.850 - - MS,RI
13 B g MR, bR 1233 1235  0.682+0.032°  1.241+0.094° - - MS,RI
14 y- AR RBTBR ., PR RBTR 1262 1235 4.177£1.712°  6.877+0.031° 8 32 MS,RLO,STD
15 POERY IR MR ARBTWR ., BRI 1266 1255  8.868+5.384°  15.012+0.267° 64 64  MS,RLO,STD
16 i it T A ARJTBR . R 1274 1272 12.477+2.38°  17.355+0.324° 64 128  MS,RI,0,STD
17 o- R JEE HHIR 1384 1363 - 0.04+0.008 4 2 MS,RI,O
18 iy ENGTUS 1431 1395  0.232+0.030°  0.128+0.004° 8 8 MS,RI,O
19 E-SUALhriE M P EUS 1462 1442 0.302£0.088°  0.351+0.010° - - MS,RI
20 SHIENE il NS 1467 1461 21.129+2.085" 20.439+3.038° 8 2 MS,RI,0
21 o- BN BIA R ABTIR 1486 1471  0.037£0.013*  0.043+0.004° - - MS,RI
22 - I FHHR, ABIR 1438 1474  7.998+0.514*  8.866+0.206" - - MS,RI
23 oy LA ARBIR, SFHOR, IR 1475 1489 3.826+£1.634"  2.7130.058° 2 8 MS,RLO
24 KA R AR | 7 bR 1503 1524  0.184%0.052°  0.202+0.153" - - MS,RI
Wk 25 e itk 1509 1532 1.031£0.123*  0.342+0.026" - - MS,RI
26 (-)-a-THF ENJUSEERUS 1538 1541  2.101£0.445*  0.763+0.037" - - MS,RI
27 (-5 Tk AT | “EHR 1589 1570 51.822+3.087° 20.694+2.432° - - MS,RI
28 PRI 7S 1573 1586 - 0.206+0.120 16 16 MS,RL,O
29 E-A 1T Bk RBIR. FRE 1576 1603 - 0.170+0.016 - 64  MS,RRLO,STD
30 (-)-a-172%) AWK, Bk 1530 1617  1.043£0.023°  1.220+0.571° - - MS,RI
31 (-)-a-EER AT RIZBR | B BTbR 1563 1626 - 0.2160.004 - - MS,RI
32 e ENGTUS 1635 1640  0.707£0.043*  0.347+0.143" - - MS,RI
3 B lg?fé(zlgﬁ%m AT 1672 1643  1.730£0.182°  1.519+0.031° - - MS,RI
34 Bh A W ImRE AU, POREDR . EHK 1626 1611 0.514%0.010°  0.841+0.077° - - MS,RI
35 E-B- 4 &3 MIGWR . 20k, BIER 1672 1646 0.186+0.003*  0.115+0.007* - - MS,RI
36 o~ VT I NS 1646 1663  3.498+0.223"  1.805+0.594° 32 32 MS,RI,0
37 (+)-p-r =4 RBER 1714 1683  0.212+0.124*  0.105+0.008" - - MS,RI
38 e ERHR 1728 1703 - 6.213+0.339 - - MS,RI
39 B-LT BN AT FRM 1715 1709 - 3.325+0.213 8 8 MS,RLO
40 E NS 1646 1711 - 0.811+0.061 8 2 MS,RL,O
41 (+) - R RAR T -5 EE S NUS 1698 1724  0.166£0.054°  0.190+0.012° - - MS,RI
Y} AW MIGWR . 2R, KR 1745 1724 7.055£0.687°  5.742+0.020° 16 4 MS,RIL,O
43 A-FEAMG HERA, A% 1730 1745  1.460+£0.412°  0.642+0.113" 8 2 MS,RL,O
44 BT i Ny ST 1832 1816  0.244+0.034*  0.772+0.213° 4 2 MS,RI,0
45 KARFF 7B AR, PR, R 1802 1819 - 0.450+0.193 - - MS,RI
46 ZE HEF IR 1867 1825  0.702+0.028  0.261+0.023° - - MS,RI
47 A-ZRAE PGS 1916 1897 16.543+1.951*°  9.689+5.340° - - MS,RI
48 FAKUES FR . AR | B 1953 1971  0.270£0.036*  0.111+0.004° - - MS,RI
49 AR BLZIR 1987 2000 2.101£0.445"  0.763%0.037" - - MS,RI
S 310.861+£22.340° 337.393+2.606°
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g1
{J;féc P bR MBRHEAE fﬁg ;ﬁg WPE(flE(mg/m\I;/)PEO—Z WPEZ)I-)liEO-Z BRI
1 E P R, TR, JELPR 1461 1426 0.073+£0.043"  0.028+0.001° 2 8 MS,RI,0
2 Jy R MR . B e 1525 1519  0.117+0.015*  0.037+£0.001° 64 128  MS,RLO,STD
3 IF 2 BEETER . BHRIR TR 1561 1530 2.194£0.658°  1.631+0.011° - - MS,RI
4 RN LN NS 1569 1541  0.680+£0.019°  0.227+0.012° - - MS,RI
5 E L AT | itk 1597 1559  1.225+0.012°  0.168+0.041° - - MS,RI
6 4- T T BRR . AR BTIR 1635 1573 0.196£0.005°  0.971+0.063" 16 32 MS,RLO,STD
7 TEUTRRRE S 1648 1581  1.179+0.034*  0.659+0.011° 2 2 MS,RIL,O
8 E-WA R AR, FHEEK, HEK 1666 1631  5.743£0.540°  4.862+0.053" - - MS,RI
9 o-FATHEE AR, THAE, AR 1692 1666  0.553+£0.063*  0.290+0.024° 8 4 MS,RL,O
10 2- B AR, FE IR 1692 1677  0.280+£0.013*  0.163+0.025" - - MS,RI
11 2’6':m%3'_1pé’7$3%' TR | AR R A 1703 1709  0.611£0.048°  0.300+0.007" - - MS,RI
12 2-I -1 LK 1742 1718  5.810+£0.454°  4.647+0.231° - - MS,RI
13 L& s TR . HRER . SEHR 1764 1761 0.867+0.132 - 8 2 MS,RI,O
X 14 REAETEE B, AHARR 1826 1767  1.539+0273*  1.125+0.050° 2 2 MS,RI,O
15 E-F s i SR ) 1836 1803  3.440+£0.106"  2.267+0.327° 2 8 MS,RL,O
16 2-(4-F ORI N -2-F% FLNE S IS 1820 1809  3.688+0.428*  1.631+0.337° - - MS,RI
17 BETE AR R, AR 1914 1916  1.550£0.113*  1.042+0.461° - MS,RI
18 R AR A RIBTBR ., FAARBR, #IBR 1967 1916 0.550+0.016 - - - MS,RI
19 E-H 4B A AETFUR, FHHRBR, KRBTSR 2042 2000 - 0.3500.123" - - MS,RI
20 4- S ER R HAUK. Té*% HLEGTR 2090 2060 0.443+0.024*  0.570+0.236 - - MS,RI
21 AL TR EE FITOR SRR | JHfr iR 2093 2060  1.562+0.029° - - - MS,RI
22 PERLIA AW &Rk 2104 2077 0.254+0.151°  0.068+0.005" - - MS,RI
23 BEVE I SRR, REZGIR R 2074 2124 1.132£0.045"  0.748+0.073° - - MS,RI
24 A RIZIR | S IR 2142 2133 1.266+0.013*°  0.481+0.019° 8 4 MS,RL,O
25 o-FERE ENGUS 2221 2151 13.52245.902° 12.329+2.156 - - MS,RI
26 R AR B PR, B RIE 2188 2160  0.461£0.014°  0.790+0.231° - - MS,RI
27 (=) KA L5t UR 2203 2160 - 0.315+0.068 - - MS,RI
JE8 Ty 48.935+2.676"  35.699+1.616"
1 (-)-FF7 Pk ARBIR 1375 1383  0.113£0.006°  0.166+0.018" 2 2 MS,RL,O
2 3 Erﬁﬁ%g_ﬁﬂ@ﬁ%-z-%a HESOLUN 1514 1527  0.153£0.012"  1.186+0.168" - - MS,RI
3 BT IR FUEEILS 1534 1551  0.512£0.012°  0.857+0.051° - - MS,RI
4 Ezmﬁ)}(é%ﬁam IR 1627 1592  0.067£0.011*  0.149+0.005" - - MS,RI
5 4- SRR FUORER. TSEOR, WEZGIR 1645 1651 0.102£0.003*  0.254+0.158° - - MS,RI
[LIES g LT MR L o] Bk 1667 1654  0.649+0.162 - - - MS,RI
7 V.| T 1652 1660 0.334£0.012°  0.612+0.040° - - MS,RI
8 e s il HEATBR 1679 1680  1.347+0.355°  2.020+0.326" 4 2 MS,RL,0
9 HHARER L 25 SR G 1743 1709  1.359£0.331*  2.421%0.035" - - MS,RI
10 L7557 AT | ER 1725 1712 - 0.833+0.304 - - MS,RI
11 A REBR . EATRR . SRR 1699 1730 1.078£0.002°  1.640+0.223° - - MS,RI
12 PO | LRERR PR BRBEER 1791 1748 0.142+£0.004°  0.500+0.046" - - MS,RI
R 5.856+0.184°  10.638+1.822°
1 T s s LU SNWNUS 1485 1471  0.116£0.005*  0.217+0.032° - - MS,RI
2 AR BHWR . R A0k 1529 1497  0.110£0.012°  0.197+0.011° - - MS,RI
3 FrEmE R FreEk 1670 1660  1.985+0.468°  2.996+0.163" - - MS,RI
IS 4 i Sk Akek 1794 1755  0.12+0.007°  0.395+0.034° - - MS,RI
5 E PN TR, BOZGR, WK 1784 1764 0.18£0.149°  0.289+0.200° - - MS,RI
6 IR RHOR MRFOR, BHHR 2225 2145 0.381x0.008°  0.709+0.102° 16 8 MS,RL,O
7 RIWAN S FELZS 2353 2212 0.875+0.066 - - - MS,RI

58y

3.767+0.003°

4.803+0.033"
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g1
LEW e wama SRS o (el R
% RME RIE  WPEO-1 WPEO-2  WPEO-1 WPEO-2

1 LRI ok AT 1536 1565  0.016:0.003 - - - MS,RI
2 (-)-41ED AR, Ak 1676 1614  0.411£0.013*  0.529+0.391° - - MS,RI

2 3 TR INER Rt 1663 1657  0.327+£0.005*  0.469+0.024° - - MS,RI
4 R BEROR , FHRIR KRR 1677 1669 0.160£0.007°  0.392+0.323° - - MS,RI
5 ZRFEALTR AEAFIR, IERIR, KRR 1737 1697 1.893£0.014°  2.145+1.262° 4 2 MS,RL,O

ESty 2.807+0.321°  3.535+1.039"

1 () - fii HETR, REZGBR . ORBIR 1528 1503 1.535£0.029°  2.144+0.133" - - MS,RI
2 X F LS 2057 2033 0.194+0.046°  0.701+0.245" 16 16 MS,RL,O
3 [ FH 2R ARBTIR 2099 2043 0.669+0.032°  1.790+0.545" 16 16 MS,RL,O
4 B AR, 240k 2191 2107  0.033£0.009°  0.100+0.008" 8 2 MS,RI,0

Hbzk s 1-Z5 1 TR | MR 2189 2127  0.203£0.007°  0.670+0.357" - - MS,RI
6 T FRIR . ARBTbR 2189 2131  0.935+0.012°  1.335+0.095" - - MS,RI
7 - IS 2234 2156 0.174+0.035 - - - MS,RI
8 2,4- BT S Py R 2230 2178 - 0.061+0.018 - - MS,RI
9 J5k B NS 2316 2331 - 1.283+0.67 - - MS,RI

B 3.743£0.442°  8.084%0.871°

TE: MSTR R S 45 , IE VUL EER K T750; RURFGE 1 A B HR B, SEBR{E S 3R (B A 22 A5 3 100; Of R 3R8 jat MU) )y 1k 855 ; STDARFE IR
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Fig.5 Heat map of aroma active compounds in two WPEOs
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EHE U RGP FD KT, SRR IR AR
SEYTTEREL ALY, WPEO-1 358 9 fib-&4914 FD
K F =32, Hoih FD N F im0tk & 90 2 3-8 44
(FD=128, Pk ), HUR S G V7 (FD=64, AR,
WBEO-2 #1 /5 10 #i{b.-& ¥ i) FD B+ =32, H
FD EF e b &9 3-8 4% (FD=128, tHAG M) .
it & i M (FD=128, AR BTk ) . 1 (+) -Fr ik (FD=
128, A AG IR ), Forbb S vihdds . () AT AN E-A
M S/ G TR S W Zead BB S P B S 1Y) FD
FEIAEI, MBS HE 7S 5 Tl A5 1 S ARCRE T Y
AR . AR XU 55 . AR Fan ZEBY 95T
P, 3-BEIE . () -FEEAE . a- TSR RS S
HAG S NIRRT . 55 . R FIAI SRR E
o 3- BRI (0) -FPABE I TE T GSH BBOKS T XU Hh 285G
L, JEREHHGI K ARSIl i 2R S

B AL AP0k AU 11 BTHR U EE TR, PR i
AR ) 5 AR B (FD=64/128, fE7 1) Fll 4-ii 475 % (FD=
16/32, AR ) W5 AT A . B . ARASFNF 25505
S, AE AR AR T B SR IR Al A . R 1
], 2R G B R A ARk T Rt fh
B FD (BHAEK, 3% r] GBS PR il i A B S 1 2
AR, FESE T WBEO-2 A 5 o 1448 % M i 4y 1 2
B, (415 FD BFAE K. Meng 8P FI| FHAEFS I
S BB R TR W0, RIS TS R D R SR
AR LR T RELH, HARAE XRAS 2B . d5m . A Ul
PR A B T AR BT A L v BT R R
ST =g
2.5 BEREMCEYINEEM OAV S

SR FH A bR v il 2R 1 50 S AURE T R FD
F =32 ARSI PR e i, S5 R 2
R . b, 3-13475(299.181 mg/kg FM1 303.44 mg/kg)
2 P S ARUIRS T AP o B B = AL A, AR
BARRMAREFR . AN, (517824 (227.383 mg/
kg 1 291.704 mg/ke) . & il (214.597 mg/kg Fl
206.141mg /kg) W EATE S AR, o FISHARORS 42

PETAJFIR | IR, Horp () -Fr8a i E- ki 22
AR B S AR B B T . R 2 AR 6
AR, AP AR PEAT L S R e AR I P A
TS PIRIHEE, ] LR P R Bh K 28 OB T A R 2
BERIIE IAHORE , TE4 SoRs ™ 3R aY [RI, AT LS 43l
PEHEBR IS AR H R

é

PRI BEICR
o
AR @

T XU it B A

T B K 78 AR
Bl 6 AR B K 28 SRR T RURT I 52 )
Fig.6 Effect of ultrasound-assisted extraction on the
hydrodistillation on WPEO

FRWE AL G YT IR B ST RN S R A
K, 5 IHEEA L, IHREFWE LG OAV,
DLt — 25 e B O PR G R TARE il B AR XU 11 BT
BRFRFE . ANER 2 BT, AR L SAARORS 1h v e 8
FIGTEIL &Y OAV KT 1, AT 3-8k . H A
s BT . (0 -l . e e | BTk L i
AR TR . AR 4-mkEEE . o, OAV fH AR
) S D5 A I (OAV=1492/1996) . 4-iif 17 i ( OAV=
841/1157) . W i v # (OAV=1062/1020) Fl 3-1& I
(OAV=388/394), EAI I A HHAMOKE 1 BTk T A4 . R
JT . T RFE R . ARPERT A MIIFFERT, OAV £5
KIAEE IR R R B e sk, o p s
NI R A BEOKS T XK 1 BTk an R, L

2 PRSI EIE LG YRR | SUR{EA OAV
Table 2 Concentration, odor threshold and OAV of aroma active compounds of two white pepper essential oils
> 01 e iE . S
B ROEELAY RRIALHNE R I mgm) TR meke) kG _ OAV
WPEO-1 WPEOQ-2 (mg/kg) WPEO-1 WPEO-2
1 3B y=11.662x+4.7251  0.9925 0.095~380.7 209.181+8.172°  303.440+12.155° 0.77 388 394
2 AR y=28.565x+0.9605 0.9984  0.0186~140.887  36.585+1.113°  45.484+2.401° 0.67 54 68
3 o R TI y=34.268x+2.8244 0.9935  0.0019~180.832  59.691+1.219°  61.956+1.985" 1.6 37 39
4 (+)-Frtghss y=9.5284+3.3921  0.9937 0.105~420.1 227.383+10.075° 291.704+11.555° 239 95 122
5 y-FATHI y=39.692x+0.207  0.9982  0.0021~21.25 0.712+0.087* 0.7930.202° 1.86 <1 <1
6 pOE¥id < y=20.524x+6.5052  0.9912  0.135~21.425 11.041£1.058*  12.656%1.662° 0.12 92 105
7 E-A 1 y=6.2085x+4.014  0.9934 1.405~450.05 - 252.11+16.742 18 - 15
8 i At T y=1.5447x+0.6281 0.9912  1.3453~430.05  214.597+3.408" 206.141+0.110° 0.2 1062 1020
9 JF R y=0.6697x+0.2289  0.9908 1.3562~430.4 55.189+1.174°  73.838+0.092° 0.037 1492 1996
10 A-if e y=0.3921x+0.0154 0.9930  0.0291~230.325  79.22143.059"  108.968+0.869" 0.09416 841 1157
TR AR BME Gl , Bk B (Compilations of Odour Threshold Values in Air, Water and Other Media ) (201 14ER) .
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