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Supercritical Fluid Extraction of Volatile Components from Strawberry

Hae-Chang Lee, Hye-Young Seo, Dong-Bin Shin, Yong-Kon Park, Yoon-Sook Kim, Joong-Ryong Ji', and Hee-Don Choi*
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Absract In order to optimize the supercritical fluid extraction (SFE) conditions of volatile components from the strawberry,
we conducted an evaluation of the sample preparation and SFE operating conditions. The analysis of the volatile components
extracted by a variety of sample preparation protocols led to the identification of 30, 26, 30, and 34 volatile components in
fresh, freeze-dried, 30% celite and 70% celite treatments, respectively. The 70% celite treatment was the most effective in
extracting the volatile components from strawberry via SFE. Analysis of the volatile components extracted by a variety of
SFE operating conditions yielded identifications of 34, 35, 34, and 35 volatile components at 3,000 psi (40, 50°C) and 6,000
psi (40, 50°C), respectively. The extraction yield of alcohols and acids, and the total volatile component contents, were
highest under conditions of 3,000 psi and 55°C. Volatile components from the strawberry were extracted via SFE,
simultaneous steam distillation and extraction (SDE), and solvent extraction (SE). The analysis of the volatile components
extracted via different extraction methods resulted in the identification of 56, 34, and 32 volatile components in the SDE,
SFE, and SE extracts, respectively. The total volatile component contents identified in the SDE, SFE, and SE extracts were
20.268+1.144, 21.627+1.215 and 2.476+0.177 mg/kg, respectively. The SFE extract evidenced higher contents of sweet
flavors such as 2-methylbutanoic acid, 2-methylpropanoic acid, and hexanoic acid than the SDE and SE extracts. SFE
proved to be the most appropriate method for the extraction of fresh volatile components from the strawberry.
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Table 1. Sample preparation and extraction condition of
supercritical fluid extraction

Extraction Sample Pressure  Temperature
time (min) p (psi) ("C)
Fresh
Preparation Freeze dried
condition %0 Celite 30% 3,000 40
Celite 70%
40
. 3,000 55
Extraction g0 celite 70%
condition 40
6,000 55
HE W
M=

E AT AR-E B7e A gdelx] 2008 d 3-4900 A4
d §HE AMEEIPeH, TR E AASL B2 AHI F 27
E AAsK 9A7|2 FE3AR tr HEZE 99-X]o 100g
2 gsted —70°Ce] HshEA ARSI

SFEHO 28t 3ed EVIMES =&

AlE AR g 7] I FIEEY FE Z2e&
SFE Zgx7lel e 3 1R & 288 AP
A8l =LA A F=7FA(SFT-100XW, Supercritical fluid tech-
nologies, Inc., Newark, DE, USA)YS AF2-3}o] Table 1] ZAd
A A RS FESATH). A EE ¥ By A
BEE dFstd TdlE FE87]00 Yol AMgalsien, s41x
H NE= ANEE TAAXS AZXES A8 Celite(Celite
545, Samchun Pure Chemical Co., Pyeongtack, Korea)’} X 3H¥
ANEE AAEC sl 22 I B1E30, 70%)E celiteS 4
A= ol SIEE FF EPT & FE8710] ¥ol AR
3hAth ESE celite 70% FA7F AIEE 71ESZ 942 (3,000, 6,000
psi)y¥ &5=(40, 55°C)5 2|3 2] 714 SFE x4 E7]e]
AWy PIIRS FERAT. FEE/1E S00mL vessel A}
59T ABE BF AR 100g0] HFke F AT
(2719 FEIF 90.8%). FHFEAE Haf) Azl WiEE=
= p-butylbenzene 1 pL(851.4 pg, Aldrich, St. Louis, MO, USA)
£ 71k 3 2mL/min®] CO, %22 dynamic modeolA] 3
Za9on, fwd G714Re] TS F2A (Tenax TA 60/80,
Supelco, Inc., Bellefonte, PA, USA)7} ZFZ1¥  column(300x10
mm id)S& ARt FaETh 2HE RS gAY
A8t 250 mL Zef2Tol FEAE Y3 ASFH3E n-pentanes]
diethyl ether EF-81(1:1, v/v) 100 mLE &33te] 107" shak-
ingslHA EFAIZ & f718vi5-2 Vigreux columng A3t
oF 0.5mL7HA 5 F GO/MS BAAEZ ARS-ERlT)

SDER{0]| olgt #|ehd &V |dEe F&

gk AlE 100 gl 33} 7 115 E331AL n-butylbenzene
1uLE H7kste] Schultz 5(12)2] #Riell wet MFE A&
71% 55273 (Likens-Nickerson type simultaneous steam distilla-
tion and extraction apparatus, SDE)A A5/ 3F n-pentane}
diethyl ether &3-81(1:1, v/v) 100 mLE AF&-3}od 733t 3lollA]
A7 B AAES FEIA o] FEY 7 NaSOE

rlo

7hete] —4Coll A SRR WXAIA E5A7|aL {7]EvE
Vigreux columng ARE-3le] ¢F 0.5ml7HA] 53 3 GCMS £4
AFEE ARSI

SEH0 ofst UM &I|MEe =&

vl El AlE 100 goll n-butylbenzene 1 uLE 716t ASH-3F
n-pentane?} diethyl ether E3-&vl(1:1, v/v) 100 mLE AF&-3lo]
oA FEBIHNOH, FEL 33 WSl Y o] S
ZHe) £ Na,SO,E 7Iste] —4°CollA] a1t WAAA G4
7|13, 20°CE YZste] AHMES AANAS F7180F2
Vigreux columng ARE-3}d °F 0.5 mL7HA] = 3 GC/MS #4
NEE AFESITHI3).

sy & |NEo| By

Ay F1gEe] AFEHE 98l GCMSE HP 5973 Mass
selective detector(Agilent Technologies Inc., Santa Clara, CA,
USA)’} 924% HP 6890 gas chromatographS ARE-3}th. 3]
71382 25 98] column® DB-WAX(60 mx0.25 mm id.,
0.25 um film thickness, J&W Scientific, Folsom, CA, USA)&
ARSI, oven?] %= 40°ColA 3E7F FA18E TRy 2°C/min
o £L R 200°C7HA] FEAIH L™, carrier gas(He)o 42
I mL/minZ -FA3}AT} £ slgHE9] ©]23}= electron impact
ionization(El) W'H O 2 331391 ionization voltage®} ion source
o] 2&E Z47F 70 eVel 230°CE AAEIAN, #AE EAjake
HAE 40-350m/z= AAG3FATE GC injector®] &&= 250 °C
2 A3l AFE 1 uLE split ratio 1:102.2 FU3A T

P UldEe S ¥ Y

GC/MSell ]3]l total ionization chromatogram(TIC)ell £2]€ 2z}
peak®] JE 41 mass spectrum library(Wiley 275&7N, NBS
75K)9} mass spectral data®] spectrum}e] AX|, A2 reten-
tion index®}e] Y| L EFEHO B datas Y|, 213
ot 219 3 Y] AR WREEEEE A7HE n-
butylbenzene?} 57d%E &71/3%2] peak areas ©]83l AlE 1kg
of T WA IEES FHHLE Ao, A7
Al ARSS WHEETEAS 89 7 sgEe] dE7] HelA
9] response factor 5 L&A LUTE.

Zo g o

AME HX2| =" SFEO| 28t WY SV|MES F&

A8 A =7 SFECl gk &@7)9] I IrdES
GCMSZE EA3 A}, BA RN = F 305 I8l &
oo, FAAZ ANBAAM 265, celite 30% = 70% F7
oAl Ztz} 30 ¥ 34Fo] ERIEUTE AlE HA el mE 3
A IR & T ANE, SEARANE, celite 30% 2
celite 70% 77} Z¥zb 2.224+0.039, 3.179+0.643, 2.486+0.199
2 10.069£0.062 mgkgl 2 celite 70% 7ol Y53 =S
TFS YERNATH(Table 2).

g71e] AlAs & AATFE YEHE esterre B7130
vl Fa 3k A4S drhal BalEo] 1om(14,15), £ AT
+ ethyl butanoate, methyl hexanoate®} hexyl acetate 5°| HZ
AT} Ethyl butanoate2] 749~ celite 70% H7FrollAE AEF
A FUAIRE celite 30% P77 = SRS YERR)
O, methyl hexanoate= TZ7ZE Hz|TollA HEHA 42 1t
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Table 2. Comparison of volatile flavor compounds identified in strawberries by the sample preparation conditions for supercritical fluid

extraction (mg/kg)
RI" Compound name MF? MW? AY B C D
794 Ethyl formate C,HH, 74 0.027+0.007> 0.020+0.006 0.028+0.001 0.100+0.009
880 Ethyl acetate C,H,0, 88 0.160+0.061 0.164+0.024 0.169+0.012 0.470+0.120
889 Diethylacetal CH,,0, 118 0.055+0.001 0.059+0.017 0.064+0.005 0.061+0.010
938 Ethanol C,HO 46 1.074+0.026 1.265+0.126 1.148+0.032 3.174+0.298
974 2,3-Butanedione CHO, 86 0.0144+0.001 0.013+0.001 0.01440.002 0.037+0.004
983 Methyl butanoate CH,,0, 102 0.054+0.019 0.003+0.001 0.04440.001 0.191+0.071
1005  4-Methyl-2-pentanone CH,,0 100 - - 0.003+0.001
1008  Methyl 2-methylbutanoate CH,0, 116 - - 0.003+0.001
1035  Ethyl butanoate CH,0, 116 0.015+0.002 0.012+0.002 0.08440.005 -
1079  Hexanal CH,,0 100 0.004+0.000 0.008+0.002 0.005+0.000 0.040+0.027
1122 3-Penten-2-one C,H,0 84 0.005+0.004 0.001+0.000 0.028+0.000 0.062+0.013
1124 2-Pentanol CH,,0 88 0.008+0.000 0.006+0.002 0.010+0.001 0.093+0.147
1180  Heptanone 2- CH,,0 114 - - 0.024+0.004
1185  Methyl hexanoate CH,0, 130 0.015+0.001 - 0.013+0.000 0.011+0.006
1212 (E)-2-Hexenal CH,0 98 0.009+0.004 0.016+0.012 0.006+0.001 0.064+0.033
1234 Ethyl hexanoate CH,O0, 144 0.011+0.006 0.010+0.001 0.009+0.001 0.275+0.033
1272 Hexyl acetate CH,O0, 144 0.003+0.002 0.004+0.000 0.007+0.001 0.018+0.003
1279  Hydroxy-2-butanone 3- C,H,0, 144 0.008+0.001 0.129+0.075 0.011+0.001 0.030+0.014
1305  Butylbenzene C,Hy, 134 - - -
1333 (E)-2-Hexenyl acetate CH,,0, 142 0.010+0.006 0.011£0.001 0.017+0.001 -
1357  Hexanol CH, 0 102 0.021+0.002 - 0.023+0.001 0.115+0.038
1385 (Z)-3-Hexen-1-ol CH,,0 100 - - 0.144+0.016
1407  (E)-2-Hexen-1-ol CH,,0 100 0.046+0.001 - 0.049+0.004 0.027+0.005
1450  Acetic acid C,H,0, 60 0.077+0.028 0.082+0.023 0.096+0.036 0.335+0.044
1479  Methyl 3-hydroxybutanoate CH,,0, 118 0.012+0.000 0.006+0.003 0.01440.002 0.339+0.051
1493 2-Ethyl hexanol C.H,,0 130 0.029+0.015 0.016+0.004 0.038+0.010 0.097+0.017
1511  Benzaldehyde CHO 106 0.005+0.001 - 0.005+0.000 0.070+0.030
1550  Linalool CH;O 154 0.033+0.006 0.015+0.001 0.029+0.001 0.034+0.034
1569  2-Methylpropanoic acid C,H,0, 88 0.011£0.001 0.008+0.004 0.011+0.016 0.227+0.020
1670  2-Methylbutanoic acid CH,,0, 102 0.083+0.011 0.020+0.013 0.101+0.021 0.133+0.017
1766  Methyl nicotinate C,H,NO, 137 0.023+0.009 0.041+0.025 0.024+0.002 0.884+0.153
1844  Hexanoic acid CH,0, 116 0.170+0.021 0.057+0.022 0.101+0.007 0.2344+0.011
2029  Furaneol CH,0, 128 0.022+0.008 0.312+0.264 0.033+0.013 1.1344+0.154
2037  (Z)-Nerolidol CH O 222 0.141+0.120 0.729+0.008 0.223+0.069 0.093+0.091
2357  y-Dodecalactone C,H,0, 198 0.082+0.038 0.172+0.012 0.086+0.024 1.207+0.242
Total 2.224+0.039 3.179+0.643 2.486+0.199 10.069+0.062

YRetention index, ?Molecular formula, *Molecular weight, YA, fresh; B, freeze dried; C, added Celite 30%(w/w); D, added Celite 70%(w/w),

YMean+SD (n=3)

H A Agelre= Hlsgk TS JERASITE. Hexyl acetate
= celite 70% Z7F*l4 0.018+0.003 mgkgS 2 HX] 2]+
o vlal sl =2 TS WAL AleoholF Foll 2719
2148 o7 I EE furaneol(d-hydroxy-2,5-dimethyl-3(2H)-
furanone)?} (Z)-nerolidol®] 73-%- A& A7 24 wel 582
Zpol7b F ASZ YEEO ™, furaneok- celite 70% H7H-(1.134
+0.154 mg/kg)ol A, (Z)-nerolidol> FAAZ 2] 7-0.729+0.008
mgkgelX 7 w2 FEE YERATE (Z)-Nerolidol®] 735
A7) Hoh 4% B70A o B o] AEEHe Y
gk slgtEolgtal Bargh Schreiere] A¥(15)9F ARt 2]
gk7)1d% SOl linalool, furaneols} nerolidol>- %23k7]9} 7+-& gk
718 e sIEEA B7] P15 T3 988 3
3] furaneol®] T B7|9 TH& A= P A=l B
S TS vAE oz BiEo] A(16). AcidF Fol 2-

[

methylpropanoic acid, butanoic acid, hexanoic acid 5°¢] &7] &
7138 Fo] AS T BAl(14,17)F0] dom E AFor=
2-methylpropanoic acid®} 2-methylbutanoic acid, hexanoic acid
5ol AZEEHAY. U O Z acidF+ esterT, alcoholi % alde-
hydeR 55 A3k ATARZA F83 ATE = =HoH
£3] 2-methylpropanoic acid7} @7] 7]l G20 G+ 7
e Aoz BIEoe] rK16). 2-Methylpropanoic acid celite
70% A7FFOlA 0227+0.020 mgkgl & 7HPE =& RS e
WAL} Lactone™ =3t @7]9] 7R Fo] 523 o3kg 3}
™ 53] y-dodecalactone®] ZS FES XA 3HH(16). LactoneT
9] EAAQ = Heol e AMS ZAY Priet Aol
A AR deA AUTH(18). & AFAA = y-dodecalactone©]
celite 70% FH7HrAIA 1.207£0.242 mgkg® & Th2 A 2]+ B}
4538 =2 FFE e
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Table 3. Comparison of volatile flavor compounds identified in strawberries by operating conditions for supercritical fluid extraction

(mg/kg)
3,000 psi 6,000 psi
RIV Compound name MF?  MW?
40°C 55°C 40°C 55°C

794 Ethyl formate C,HH, 74 0.100+0.009" 0.194+0.061 0.045+0.003 0.038+0.001
860 Ethyl acetate CH;0, 88 0.470+0.120 0.817+0.218 0.236+0.005 0.208+0.009
867 Diethylacetal CH,,0, 118 0.061+0.010 0.144+0.008 0.071+0.008 0.075+0.006
928 Ethanol C,HO 46 3.174+0.298 4.183+1.470 1.249+0.431 0.876+0.022
969 2,3-Butanedione CHO, 86 0.037+0.004 0.075+0.007 0.027+0.006 0.022+0.005
980 Methyl butanoate CH,, 0, 102 0.191+0.071 0.640+0.033 0.234+0.049 0.124+0.090
1005  4-Methyl-2-pentanone CH,,0 100 0.003+0.001 0.008+0.002 0.004+0.001 0.003+0.000
1008  Methyl 2-methylbutanoate CH,0, 116 0.003+0.001 0.006+0.001 0.003+0.000 0.002+0.000
1013 3-Methyl-2-pentanone CH,,0 100 0.008+0.008 0.001+0.000 0.001+0.000
1036 Ethyl butanoate CH,0, 116 0.040+0.027 0.070+0.007 0.037+0.010 0.030+0.003
1079  Hexanal CH,,0 100 0.062+0.013 0.191+0.008 0.057+0.042 0.046+0.007
1122 3-Penten-2-one CH,O 84 0.093+0.147 0.027+0.001 0.008+0.002 0.007+0.001
1124 2-Pentanol CH,,0 88 0.024+0.004 0.054+0.014 0.017+0.003 0.014+0.001
1180  2-Heptanone CH,0 114 0.011+0.006 0.026+0.001 0.010+0.001 0.007+0.001
1186 Methyl hexanoate CH,O, 130 0.064+0.033 0.235+0.017 0.082+0.016 0.066+0.006
1213 (E)-2-Hexenal CH,,0 98 0.275+0.033 0.669+0.027 0.178+0.187 0.179+0.029
1234 Ethyl hexanoate CH,O, 144 0.018+0.003 0.071+0.003 0.022+0.005 0.020:0.000
1273 Hexyl acetate CH,O, 144 0.030+0.014 0.140+0.002 0.047+0.009 0.035+0.004
1279 3-Hydroxy-2-butanone CHO, 144 0.044+0.006 0.122+0.003 0.054+0.012 0.034+0.008
1307  Butylbenzene CH, 134 - - -
1334 (E)-2-Hexeny! acetate CH,0, 142 0.115+0.038 0.457+0.010 0.165+0.051 0.129+0.014
1358  Hexanol CH,,0 102 0.144+0.016 0.356+0.008 0.158+0.033 0.096+0.008
1385  (£)-3-Hexen-1-ol CH,,0 100 0.027+0.005 0.044+0.005 0.019+0.003 0.011+0.002
1408  (E)-2-Hexen-1-ol CH,,0 100 0.335+0.044 0.854+0.036 0.422+0.074 0.255+0.036
1448  Acetic acid C,H,0, 60 0.339+0.051 0.673+0.233 0.165+0.025 0.133+0.009
1480  Methyl 3-hydroxy butanoate CH, 0, 118 0.097+0.017 0.224+0.003 0.110+0.030 0.068+0.011
1496  2-Ethyl hexanol CH,;0 130 0.070+0.030 0.167+0.059 - -
1511 Benzaldehyde CH.0 106 0.034+0.034 0.064+0.011 0.020+0.004 0.013+0.001
1551  Linalool CH O 154 0.227+0.020 0.628+0.019 0.295+0.060 0.178+0.034
1567  2-Methylpropanoic acid CH;0, 88 0.133+0.017 0.321+0.025 0.190+0.074 0.104+0.019
1668  2-Methylbutanoic acid CH,0, 102 0.884+0.153 2.264+0.108 1.178+0.322 0.658+0.105
1766~ Methyl nicotinate CHNO, 137 0.234+0.011 0.421+0.020 0.182+0.021 0.116+0.024
1843  Hexanoic acid CH,0, 116 1.134+0.154 2.767+0.199 1.492+0.389 0.839+0.160
2029  Furaneol CH;0; 128 0.093+0.091 0.044+0.019 0.032+0.005 0.054+0.028
2038  (Z)-Nerolidol CH,O 222 1.207+0.242 3.770+0.537 1.819+0.166 1.145+0.137
2358  y-Dodecalactone C,Hy,0, 198 0.297+0.062 0.893+0.070 0.348+0.024 0.270+0.031

Total 10.069+0.805 21.627+1.215 8.976+1.142 5.857+0.586

YRetention index, ?Molecular Formula, ®Molecular Weight, “Mean+SD (n=3)

SFER 23 A7 FEA] AFUe] FEE FAEH &
9 FaEdRe] A H2g Bolsk e TS AR A
Bol| =3k o] FE Aeole FaEAY] FE55 A
THEHIE B doju FEFE0] IA WolA €rk(19). o
Wz o2 Alg Yo $ES 2L ANEE s e
7] 913k Celite 54591 2> FREE A5 s F SFES
AAETH20). SFEHS o83t ©7]9] 9 334 Ir|4ee
FE37] S5 AR AAE WHoRE AR celites 70% 7t
sh= WhRol 7P @ el Ao ® Yl Celite 70% H7H-
3 IR T FEoM T 7IE Mot & Akelrt 2l
o™ esterf(hexyl acetate), alcoholF-(furaneol), acidF-(2-methyl-

= QI

propanoic acid), lactoneT-(y-dodecalactone) oM = ¥53] =& &

o

32

29 LERIL ol celies] H717} AN B va) ABe] &
WAS Z7PA 22 58S B 7] WEoz AzE

SFE =0 Mg ey &V|M¥Ee F&

SFE #ZFez7d] weh 358 97]9] 3 s £4%
ZAF= Table 33 Z2t) S 3,000 psiz ZATIAL 40 2 55°C
N FES AE2ZNE 7 F 34 B 35T sigEo] ER1E]
0™, 6,000 psiollA] 40 L 55°CollA 53 A BoME 247} 34
F9] 7)Aol FAEAG. L7k F71ste] Wt 3,000 psiolA]
7R FF 80 F7IsH W 6,000 psiolHe FAask
Aoz YeRY 3,000 psi, 55°C Z700A @7]9] 3uA 714
F2880] 21.627+1.215 mgkgl 2 7P¢ E3L 6,000 psi, 55°C

Meore e
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Table 4. Volatile compounds identified in strawberries by different extraction methods

9719 $4 @

EEEESEEE RS
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(Unit: mg/kg)

RI" Compound name MF? MW? SDE SFE SE
794 Ethyl formate C,HH, 74 0.215+0.074" 0.194+0.061 0.005+0.001
847 Butanal CH,O 72 0.012+0.003 -

860 Ethyl acetate C,H;0, 88 0.687+0.220 0.817+0.218 0.671+0.068
866 Diethylacetal CH,,0, 118 0.155+0.026 0.144+0.008 0.051+0.002
882 Methyl propanoate C,H;0, 88 0.008+0.001 - -

896 3-Methyl butanal CH,,0 86 0.017+0.001 - -

926 Ethanol C,H,O 46 1.592+0.551 4.183+1.470 0.423+0.075
968 2,3-Butanedione CH0, 86 0.230+0.004 0.075+0.007 0.020+0.004
980 Methy! butanoate CH,,0, 102 1.13240.069 0.640+0.033 0.221+0.014
1004  4-Methyl-2-pentanone CH,,0 100 0.013+0.001 0.008+0.002 0.002+0.001
1007  Methyl 2-methylbutanoate CH,,0, 116 0.013+0.002 0.006+0.001 0.002+0.000
1013 3-Methyl-2-pentanone CH,,0 100 0.005+0.001 0.008+0.008 -

1035  Ethyl butanoate CH,,0, 116 0.058+0.012 0.070+0.007 0.009+0.000
1040  Isopropyl butanoate C,H,,0, 130 0.010+0.001 - -

1057  2,3-Pentanedione CH;0, 100 0.012+0.002 - -

1079  Hexanal CH,,0 100 0.334+0.018 0.191£0.008 0.007+0.002
1122 3-Penten-2-one C,H,O 84 0.093+0.021 0.027+0.001 0.003+0.000
1124 2-Pentanol CH,,0 88 0.073+0.012 0.054+0.014 0.004+0.002
1180  2-Heptanone CH,0 114 0.051+0.007 0.026+0.001 -

1185  Methyl hexanoate CH,,0, 130 0.360+0.017 0.235+0.017 0.026+0.005
1213 (E)-2-Hexenal CH,,0 98 1.732+0.102 0.669+0.027 0.008+0.002
1234 Ethyl hexanoate CH,0, 144 0.061+0.016 0.071£0.003 0.005+0.002
1255  Pentanol CH,,0 88 0.028+0.006 - -

1273 Hexyl acetate CH,0, 144 0.160+0.021 0.140+0.002 0.010+0.004
1279  3-Hydroxy-2-butanone C,H;0, 144 0.030+0.005 0.122+0.003 0.006+0.001
1308  Butylbenzene C,H, 134 - - -

1322 (Z)-2-Penten-1-ol CH,,0 86 0.029+0.002 - -

1334 (E)-2-Hexenyl acetate CH,,0, 142 0.516+0.066 0.457+0.010 0.032+0.009
1359  Hexanol CH,,0 102 0.422+0.018 0.356+0.008 0.026+0.006
1386 (Z)-3-Hexen-1-ol CH,,0 100 0.048+0.009 0.044+0.005 -

1408  (E)-2-Hexen-1-ol CH,,0 100 0.946+0.080 0.854+0.036 0.063+0.013
1445  (Z)-Linalool oxide C,H,0, 170 0.032+0.011 - -

1446 Acetic acid C,H,0, 60 0.596+0.175 0.673+0.233 0.083+0.008
1457  Furtural CH,0, 96 0.194+0.039 - -

1474 (E)-Linalool oxide C,H,0, 170 0.045+0.017 - -

1478  2-Hexenyl butanoate C,H,;50, 170 0.045+0.013 - -

1481  Methyl 3-hydroxybutanoate CH, 0, 118 - 0.224+0.003 0.007+0.001
1497  2-Ethyl hexanol CH,;O 130 - 0.167+0.059 -

1511  Benzaldehyde CHO 106 0.049+0.020 0.064+0.011 0.004:0.000
1551  Linalool C,H,;O 154 0.788+0.076 0.628+0.019 0.038+0.012
1567  2-Methylpropanoic acid C,H;0, 88 0.126+0.061 0.321+0.025 0.045+0.009
1575  Dimethyl sulfoxide C,H,0S 78 0.059+0.032 - -

1579  2,3-Butandiol CH,,0, 90 0.021+0.008 - -

1607  Hexyl hexanoate C,H,,0, 200 0.097+0.017 - -

1629  Butanoic acid C,H;0, 88 - - 0.015+0.002
1667  2-Methylbutanoic acid CH,,0, 102 1.442+0.411 2.264+0.108 0.184+0.061
1693 orTerpineol C,H,;O 154 0.120+0.049 - -

1766 ~ Methyl nicotinate C.HNO, 137 0.098+0.016 0.421+0.020 0.023+0.008
1810  (E)-B-damascone C,H,;O 190 0.015+0.001 - -

1842  Hexanoic acid CH,,0, 116 1.684+0.412 2.767+0.199 0.173+0.072
1847  Geraniol C,H,;O 154 0.164+0.041 - -

1885  Dimethyl sulfone C,H,O,S 94 0.015+0.006 - -
2029  Furaneol CH;0, 128 - 0.044+0.019 0.027+0.011
2039  (Z)-Nerolidol C,H,,0 222 4.162+0.800 3.770+0.537 0.225+0.102
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Table 4. Continued (Unit: mg/kg)
INE Compound name MF? MW? SDE SFE SE
2059  Octanoic acid CH,,0, 144 0.035+0.010" - -
2210  a-Bisabolol C,;H,,O 222 0.059+0.009 - -
2213 Methyl hexadecanoate C,;-H,,0, 270 0.064+0.018 - -
2311  (ZZ)-Farnesol C,;H,,O 222 0.045+0.012 - -
2351  (E,E)-Farnesol C,;H,,O 222 0.119+0.048 - -
2358  y-Dodecalactone C,,H,,0, 198 1.043+0.033 0.893+0.070 0.059+0.022
2606  Phytol C,H,,0 296 0.110+0.041 - -
Total 20.268+1.144 21.627£1.215 2.476+0.177

YRetention index, ?Molecular Formula, ®Molecular Weight, “Mean+SD (n=3)
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Fig. 1. GC/MS chromatograms of volatile flavor components in strawberries by different extraction methods.
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