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Aroma Characteristics of Acai Berry

Seung-Hee Lim, Heesop Nam', and Hyung-Hee Baek*

Department of Food Engineering, Dankook University
'Dongwon F&B

Abstract The objective of this study was to identify the volatile compounds and aroma-active compounds from acai
berry (Euterpe oleracea). Volatiles were isolated by high vacuum distillation using solvent-assisted flavor evaporation
(SAFE) and liquid-liquid continuous extraction (LLCE). To identify the characteristic aroma-active compounds of acai
berry, gas chromatography-mass spectrometry-olfactometry was used. Aroma-active compounds were evaluated by aroma
extract dilution analysis (AEDA). A total of 51 and 54 volatile compounds from acai berry were identified from SAFE
and LLCE extracts, respectively. Alcohols were confirmed to be important volatile compounds in acai berry, as the major
volatile compounds were 2-phenylethanol, (Z)-3-hexenol, and benzyl alcohol. B-Damascenone (berry, rose), frans-linalool
oxide (woody), (Z)-3-hexenol (grass), and 2-phenylethanol (rose, honey) were considered the aroma-active compounds in
acai berry. The most intense aroma-active compound of acai berry was B-damascenone.

Keywords: acai berry, volatile compound, aroma-active compound, olfactometry
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Solvent-assisted flavor evaporation (SAFE)

ofrlolw| 2] F=9 150mLE SAFE FX|(ACE Glass Inc.,
Vineland, NJ, USA)°l 23 40°C, 8.6x10° torroll 4] 1417} &<t
ZTHt FE3AH. o] W WEEFZEZEZE 3-heptanol (Sigma-
Aldrich, St. Louis, MO, USA, 99%) 19.5ugS AM&-3tsth
SAFEe] &3] &% FEdL A|S5HS dichloromethane (J. T.
Baker, Phillipsburg, NJ, USA, 99.8%) 50 mL< 15, 15, 20 mLZ
vro] ZHz J'7](DAIHAN Scientific Co., Ltd.,, Wonju, Korea)
ol 250 pme 2 1A17F FoF ABAIZIEA &) FEEAT F
E92 200 12207 BEAA TS AAT § 8 T
3g9l anhydrous sodium sulfate (Duksan Pure Chemicals, Co.,
Ltd., Ansan, Korea)oll 3A1A oAZ9] &5 AASIL F20]
AAE FEA2 24 71EE o835t 100 L7k sFste] &
MARE AHESIAT 2L 28] AAskanh

Liquid-liquid continuous extraction (LLCE)

ofatollE] w59 I WHE FE2 7HE g% <l
320 S HAssH] 938k liquid-liquid continuous extrac-
tiong ©]-&-3IAth WEEFEZE 3-heptanol 97.4 ngs ARE-3ko]
ofrtolHlE] F3< 400 mLE liquid-liquid continuous extraction
] (Corning Inc., Corning, NY, USA)4 €3 250 mLe| dichlo-
romethanes FZEME oA SAIZF FE3I00TE FEHS
=20°CAlA 12417 WEAIA FES AATS & &9 & 3¢
anhydrous sodium sulfateol] FZ}A|A &9 FE-S A AL F=
2ol AAE FENL da 7hAE olg8le] 500 w7 w5s
o BAXNER ARSI F52 23] AT

Gas chromatography-mass spectrometry (GC-MS)

3t FI)AELS Agilent 6890N GC/Agilent 5973 mass
selective detector (MSD) (Agilent Co., Palo Alto, CA, USA)<}
Agilent 7890B GC/Agilent 5977A MSD (Agilent Co)E A}8-3}
o] 543819t 22 DB-wax (60 mx0.25 mm, 0.25 pm F7: J
& W Scientific, Folsom, CA, USA)$} DB-5ms (60 mx0.25 mm,
025 pum F7: J & W Scientific)2 ARSI Q& L& 40°C
oA 5EZF FAF F 200°C7HA] 5°CAEE] HERE S2AA 20
B2 fAEAT FUT 255 2000C, HE7] 255 250°CS,
on AR FS AHEEL 52 LOmLAESE 319

of FYsksiet.

Gas chromatography-olfactometry (GC-O)

GC-O% YL6100 (Young Lin Instrument Co. Ltd., Anyang,
Korea)?} Varian3800 (Varian Instrument Group, Walnut Creek,
CA, USA)S A3t 7&7]= FID (flame ionization detec-
ton) g ARSI, AHOZHE EAA|A nose cones ©]-8-514
AR (sniffing)S 2139 Z2HLS DB-wax (30 mx0.25 mm,
025um F7: J & W Scientific)?} DB-5ms (30 mx0.25 mm,
025um F7: T & W Scientificys AF-3IIth 08 &%= 40°C
oM sEZF fFAIZE F 2000C7H] 5°CAE SRR S2AA 108
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Table 1. Volatile compounds identified from acai berry by SAFE and LLCE

RIV Concentration (ppb)”
No Compound name Identification
DB-wax DB-5ms SAFE LLCE
Alcohol
1 1162 <800 1-penten-3-ol 7.0+0.6 3.9+0.1 MS?, RI
2 1209 <800 3-methyl-1-butanol 3.5+0.0 2.4+0.0 MS, RI
3 1253 <800 3-methyl-3-butenol 11.8+0.3 8.7+0.1 MS, RI
4 1324 <800 cis-2-pentenol 11.9£0.4 7.5+0.3 MS, RI
5 1325 <800 3-methyl-2-butenol 7.540.2 8.2+0.7 MS, RI
6 1355 867 1-hexanol 7.4+0.2 4.2+0.2 MS, RI
7 1367 855 (E)-3-hexenol 3.7+0.1 2.6+0.1 MS, RI
8 1390 858 (2)-3-hexenol 201.9+2.1 131.2+4.0 MS, RI
9 1409 885 (Z)-2-hexenol 8.1+£0.0 7.1+0.7 MS, RI
10 1492 1029 2-ethyl-1-hexanol 4.0+0.0 4.3+0.7 MS, RI
11 1560 1070 1-octanol 5.8+0.0 5.2+0.1 MS, RI
12 1671 852 2-furanmethanol 2.7£0.4 12.0+£0.5 MS, RI
13 1863 1184 o,0,4-trimethylbenzyl alcohol 3.2+0.02 4.6+0.2 MS, RI
14 1898 1023 benzyl alcohol 151.4+4.0 104.4+1.7 MS, RI
15 1934 1116 2-phenylethanol 228.7+12.3 189.1+4.1 MS, RI
16 2163 1221 2-phenoxyethanol 5.3+0.2 10.4+2.5 MS, RI
17 >2200 1949 isophytol 5.24+0.8 13.3+1.0 MS, RI
total 669.1+13.1 519.1+6.7
Aldehyde
18 1335 960 2-heptenal 1.4+0.1 2.940.1 MS, RI
19 1402 1089 nonanal 1.7+0.4 1.3+0.0 MS, RI
20 1446 1005 2-octenal 1.4+0.4 2.3+0.3 MS, RI
21 1545 961 benzaldehyde 5.6+0.8 6.240.1 MS, RI
22 1797 1394 vanillin 34.0+1.3 ¥ MS, RI
total 44.1x1.6 12.7+0.3
Ketone
23 1609 1088 6-methyl-3,5-heptadien-2-one 1.4+0.1 1.1£0.1 MS, RI
24 1716 1147 2,6,6-trimethyl-2-cyclohexene-1,4-dione 3.8+0.5 6.2+0.2 MS, RI
25 1845 1384 [-damascenone 2.7+0.0 tr MS, RI
26 1992 1088 maltol nd” 99.4+9.5 MS, RI
27 >2200 1280 3-ethyl-4-methyl-1H-pyrrole-2,5-dione 5.8+0.8 18.3+0.3 MS
total 13.7+0.95 125.0£9.5
Hydrocarbon
28 1135 864 ethylbenzene 6.3£0.4 1.2+0.2 MS, RI
29 1143 883 p-xylene 6.0£0.0 tr MS, RI
30 1149 866 m-xylene 12.2+0.3 0.7+0.06 MS, RI
31 1400 1400 tetradecane 1.4+0.2 1.3+0.0 MS, RI
32 1600 1600 hexadecane nd 6.0+0.2 MS, RI
33 1771 1179 naphthalene 6.9+0.7 nd MS, RI
34 2200 2200 docosane nd 8.0+0.2 MS, RI
35 >2200 1565 9H-fluorene 10.9+1.5 nd MS, RI
total 43.7x1.7 17.2+0.3

5 5%, A= acetic acid 5 2%, =R+ phenol 5 2%, =
5 y-butyrolactone 5 4%, = 2-acetylfuran, o ZEF=
isopropyl myristateS1 T}

SAFEZ FZ A 71§ o] &2 33 8L 2-
phenylethanol (no. 15, 228.7 ppb)°l¥:, I U2 Z (Z)-3-hex-
enol (no. 8, 201.9 ppb)3} benzyl alcohol (no. 14, 151.4 ppb) <=
o|tt.

LLCEZ FZ38I9& o 7P &ol =2 I e

8-hydroxy linalool (no. 40, 262.4 ppb), 2-phenylethanol (no. 15,
189.1 ppb), (Z)-3-hexenol (no. 8, 131.2 ppb), benzyl alcohol (no.
14, 104.4 ppb)= maltol (no. 26, 99.4 ppb) s=°]3it}.
oprteldlgl= A IR F dIRESR el M =
o}x SAFEIA 669.1 ppb, LLCEXIA 519.1 ppbe] Steko 2 =)
stlem, mEtd EESFIE okrtelEle] F 540 T83 9
e sl Wy |PESRE AZEL 53] 2-phenylethanol,
(Z2)-3-hexenol?} benzyl alcohol®] ¥F&Fo] =4t} Klesk 5(12)
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Table 1. Continued

RIV Concentration (ppb)”
No Compound name Identification
DB-wax DB-5ms SAFE LLCE
Terpene

36 1458 1091 trans-linalool oxide 81.2+0.2 472402 MS?, RI
37 1485 1076 cis-linalool oxide 30.6+1.3 31.3+3.7 MS, RI
38 1550 1101 linalool 7.3+0.0 4.7+0.3 MS, RI
39 1851 1267 geraniol 6.2+0.0 ¥ MS, RI
40 >2200 1366 8-hydroxy linalool 30.3£5.6 262.4+11.4 MS, RI

total 155.6+5.7 345.6+11.9

Acid

41 1468 <800 acetic acid 2.5+0.2 10.3+0.8 MS, RI
42 1854 1026 hexanoic acid nd® 6.2+0.0 MS, RI
43 1956 1123 2-ethylhexanoic acid 1.7£0.1 3.840.2 MS, RI
44 1965 1021 3-hexenoic acid nd 10.6+0.2 MS, RI
45 2064 1182 octanoic acid nd 5.9+0.8 MS, RI
46 >2200 1162 benzoic acid nd 15.442.8 MS, RI

total 4.2+0.3 52.2+3.0

Phenol

47 1881 1089 guaiacol 5.0£0.6 4.6+0.4 MS, RI
48 2023 979 phenol 6.4+0.9 5.7+0.6 MS, RI
49 >2200 1315 2-methoxy-4-vinylphenol nd 27.3£1.6 MS, RI

total 11.4+1.1 37.6£1.8

Ester

50 2038 1831 isopropyl myristate 6.2+0.0 11.5¢1.2 MS, RI
51 >2200 1466 dimethyl phthalate 12.6+0.0 nd MS, RI

total 18.8+0.0 11.5£1.2

Lactone

52 1644 914 dihydro-4-methyl-2(3H)-furanone 6.1£1.5 4.0+:04 MS
53 1664 915 y-butyrolactone 17.8£1.1 31.2+1.5 MS, RI
54 1697 1041 5-ethenyldihydro-5-methyl-2(3H)-furanone 2.0+0.7 6.1+0.5 MS, RI
55 1732 1047 5-ethyldihydro-2(3H)-furanone 2.1£0.1 34404 MS, RI

total 28.0£2.0 44.7+1.7

Furan

56 1523 904 2-acetylfuran 2.5+0.0 2.6+0.3 MS, RI

total 2.5£0.0 2.6+0.3

DRetention indices were determined on DB-wax and DB-5ms using C,-C,, as external reference.

YMeansstandard deviation
Mass spectrometry.

tr: trace.

“nd: not detected.

gtzmgle] & 84 39ES SAFER FE31] GC-MS9t GC-
02 EAg A3 E(green)FS YEPN= (2)-3-hexenolZ 2F=2H|
2)&F 549& ZH= benzyl alcoholo] B=2H2]e] & 5o F23)
Al 714 gttar ST

I g2 HAlFe] dige] ==l SAFECIA 155.6 ppb,
LLCESA 345.6 ppb7} £A319.2™ SAFESIA = trans-linalool
oxide, LLCE|A & 8-hydroxy linalool®] &&Fo] 7F =tt) o1
2] %= cis-linalool oxide, linalool¥} geraniol®] &g % AT}
Hydroxy linaloolZ} linalool> ™27 X%=3*(Muscat wine)ol|A]
vk 7RO T FAHEOH, linalooks WA EEF9
AR el 7|dsl= setEeletal BarE HE JIk(13).

g slo] =/ ko] SAFECIA 44.1 ppb, LLCESIA 12.7
ppb$l- 2™ vanillin?} benzaldehyde®] o] =9t AlERFE= o
o] SAFESA] 13.7 ppb, LLCESIA] 125.0 ppbXi2-

ot o0

, 53] mal-

tol®] Fo] o=l LLCEANARE AT BE=FolA= v-
butyrolactone®] ¥#o] 7Hd E9ko™, dihydro-4-methyl-2(3H)-
furanone 5°| 5 ESTh y-ButyrolactoneS o}t FFEEAE
o] 2-oxoglutarate® AFS}HEl ¥ Strecker w3NFS-S T3l EEHAt
HAA A== SgElh Selli 5(14y> 23X EE=F(orange
wine)e] & A IFFES EA317] 918ke] liquid-liquid extraction
Ho T FE3)3 B350+l y-butyrolactone®] QMR E=Fo
cheesy burnt sugardt 5738 yERATIA. HI7EIGIT

ehslg e $EFo] SAFESIA] 43.7 ppb, LLCESIA 17.2 ppb
o™ m-xylene®] o] FkO ethylbenzene?} tetradecane®]
A=A SAFEAM T 58 E S}3EZ+= naphthalene} 9H-
fluorene®] A2, hexadecane’} docosane> LLCES|A % 54 5
At

AHRE FEZHOE acetic acid®} 2-ethylhexanoic acid’} 574 %
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Table 2. Aroma-active compounds in acai berry by SAFE and LLCE

NG . Log,FD”
No" Compound name Aroma description
DB-wax DB-5ms SAFE LLCE
Alcohol
6 1355 867 1-hexanol sweet, floral 1 1
8 1390 858 (£)-3-hexenol grass 5 3
14 1898 1023 benzyl alcohol woody 2 2
15 1934 1116 2-phenylethanol rose, honey 4 4
Aldehyde
19 1402 1089 nonanal citrus 1 1
21 1545 961 benzaldehyde aromatic, sweet 1 1
22 1797 1394 vanillin vanilla 0 -
Ketone
25 1845 1384 [-damascenone rose, berry 4 1
26 1992 1088 maltol caramel - 2
Terpene
36 1458 1091 trans-linalool oxide woody 5 5
37 1485 1076 cis-linalool oxide floral
38 1550 1101 linalool sweet, floral 3 0

YNumbers correspond to those in Table 1.

?Retention indices were determined on DB-wax and DB-5ms using C,-C,, as external reference.

YFD: flavor dilution.

13, benzoic acid, 3-hexenoic acid, hexanoic acid®} octanoic
acid’} LLCEAWF FH =AUt BlsFolAE phenol®] &H8F0]
=X, ©22F  2-methoxyphenol®] =UTh  2-Methoxy-4-
vinylphenol2 LLCEIA 9t 54 =)

o] ~E]F+= isopropyl myristate”} SHEH LW FEF= 2-
acetylfuran®| &7 = AT}

OtAlolHIZ|S| & B SlEHE

oprtellge] ol Fadt 4TS e F B F¥=ES &
o] #l3] GC-OF AEDAS HAIEH3ITE. Table 2014 H3%0]
shtollzle] o B4 SRS SAFER 2EAL © & 11%0]
BAE AT (Table 2). ©] & (Z2)-3-hexenol (no. 8, grass, log,FD=5),
trans-linalool oxide (no. 36, woody, log,FD=5), B-damascenone
(no. 25, rose, berry, log,FD=4) % 2-phenylethanol (no. 15, rose,
log,FD=4)°] &< log FD#E HEfo] ofrtelwE]e] Fasg &
Al gr|gEo g AZE S} o] £]of linalool (no. 38, sweet,
floral, log,FD=3), benzyl alcohol (no. 14, woody, log,FD=2), 1-
hexanol (no. 6, sweet, floral, log,FD=1), nonanal (no. 19, citrus,
log,FD=1), cis-linalool oxide (no. 37, floral, log,FD=1)¢} vanil-
lin (no. 22, vanilla, log,FD=0) 5-°] olAlelw|]e] 3F &4 3}t
=2 AL

LLCEZ FZ&3 opitoldEle] & &4 sta® & 1150°] &
A H A=H(Table 2), ©] 5 ofrtelu]e] SAA] ol 7148}
= 3FEZE trans-linalool oxide (no. 36, woody, log,FD=>5),
2-phenylethanol (no. 15, rose, honey, log,FD=4), (Z)-3-hexenol
(no. 8, grass, log,FD=3)7} B-damascenone (no. 25, rose, berry,
log,FD=1)°] &A= AT} HE& benzyl alcohol (no. 14, woody,
log,FD=2), 1-hexanol (no. 6, sweet, floral, log,FD=1), nonanal
(no. 19, citrus, log,FD=1), cis-linalool oxide (no. 37, floral,
log,FD=1), benzaldehyde (no. 21, aromatic, sweet, log,FD=1)%}
linalool (no. 38, sweet, floral, log,FD=0)°] & &4 sFPE=Z &

A= STh 2 5ol maltol (no. 26, caramel, log,FD=2)°] AJEA|
585%™, LLCEAA vanillin® 7HA=]2] ¢k9keh.
FEHoE FAHE B WNEE 5 B-damascenone noriso-

prenoidZA] B-carotene, lutein, neoxanthin@} violaxanthin®] %] %]

=]
¢l Fallol ols BAEE SAFER 0.00075 pgkge] W FEG)
(threshold)S ZHal Qo™ AT Fox Eoide A VA

=

Fo|t}(15,16). Klesk®} Qian(17ye Ewg]e] EF w2 3
3 IS SAFEHS o]&38ted A8 A3 £ (floral), M
21, =& S s 542 2= B-damascenoneS 5795}
Aew Ong 5(18)2 HH-Eh(rambutan fiuit)e] S22 3|uHA
71735 F B-damascenoneo] HAaF 3kl EAS VeI
=2 3 S8 VERIIT AL RsiSlt). o] ¥l B-damascenone
S A, 25, ErfES) oRIAME 54AQ] 3 24 ER
FAEATH19-21). oFAtolH[2]] B-damascenone TEFLO] W
E2 GC-0 A3 LA =P ofatolu|g]e] n]gk) g
& 542 Yeple 5349 drigielsa AztE 3 =
2 log,FD#S ZHE trans-linalool oxide= oFAlolW|E]olA] EA)
< YERSH, log,FD#- AR frans-linalool
gk EAS ZH= benzyl alcohold}t Z3Fe] EAS zb
= (2)-3-hexenol= oprtolw2]e] & EAdo +83t 988 & A
o2 AAEA 2 gro] 7ZXE 3FHE Foll A linalool, cis-
linalool oxide®} 1-hexanol> £&e] 548 Yepllo] AAHQ] o}
Atelw|g]e] 3 572 B-damascenone®] “gv] = W2 Ed=
A EASG) o] ofAlolrz]e] SRR oAl A
2},
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