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Abstract: The volatile compounds in dark chocolate was extracted using the'methods of simultaneous distillation extraction (SDE) and
purge &trap (P&T). Gas chromatograp hy-olfactometry-mass 'spectrometry (GC-O-MS) was used to identify the aroma compounds, fifty-five
compounds were identified Including aldehydes, olefinic aldehydes, pyrazines, alcohols, esters, ketones, furans, acids, ect., among which
pyrazines has the maximum content, followed by aldehydes. Ten key-aroma compounds were identified use of aroma extract dilution analysis
(AEDA) and dynamic headspace ~dilution Analysis  (DHDA), which were 2-methylpropanal, 3-methylbutanal, 2-methylbutanal,
pheny lacetaldehy de, ethy lpyrazine, 2,3-dimethy lpyrazine, trimethylpyrazine, tetramethy lpyrazie, isopenty | benzoate, and 2-acety I-1-pyrroline.

The odor characteristics of chocolate was deep chocolate smell, popcom flavor, roast flavor, coffee flavor, nutty and so on.
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Fig.1 Total iron chromatogram of dark chocolate by P&T
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Table 1 Aroma-active compounds of dark chocolateextracted by P&T

= S Aok i D game
DB-WAX DB-5 Bisx
1 2-% A A 5 5ok 860 <600 125 MS,LRI,O
2 -FATEE? W 935 665 125 MS,LRI,O
3 2-F A THEE? 2557 % 942 673 125 MS,LRI,O
4 P T JEA TR 1341 125 MS,LRI,O
5 23-=F Fhakk? ISR 1355 927 125 MS,LRI,O
6 Z 7 e A | L& 1411 1006 125 MS,LRI,O
7 w9 F Hoekei ke 3 3 1480 1088 125 MS,LRI,O
8 TEs? ok 1093 809 25 MS,LRI,O
9 1-3 ¥-3-8R.° B 3Ek 1302 980 25 LRI,O
10 2-TBb Aok @ HEAR TR 924 25 MS,LRI,O
11 PR = mE ® FABK TR 1379 975 25 MS,LRI,O
12 2-FHR 2 S 1390 25 MS,LRI,O
13 T B vk 1445 25 MS,LRI,O
14 203)-C A& 3(2)5-—F A wE T BRAEME 1467 1079 25 MS,LRI,O
15 FApEE 2 o dok 1546 1102 25 MS,LRI,O
16 KUEE? Bk 1651 25 MS,LRI,O
17 3-FATH 2ok 1668 864 25 MS,LRI,O
18 S EIN #Hok,E % 1820 25 MS,LRI,O
19 R BRSO B #hoR, 7T T R 1844 25 MS,LRI,O
20 Hokeg 2 A& 1277 838 5 MS,LRI,O
21 2,5(6)-=F Atk BRALE%® 1332 921 5 MS,LRI,O
22 2-TH-6-7 otk ? Rk 1397 1008 5 MS,0
23 F 8L B #ok 1431 1195 5 MS,LRI,O
24 M @ EN:E 3 1469 5 MS,LRI,O
TR
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#LEW
25 35- 2T A-2-F Aok ? A Xk 1518 1158 5 MS,0
26 RWEEe E 5% 1530 969 5 MS,LRI,O
27 2-LEt Ak ® JR AL A 1974 5 MS,LRI,O
28 2- R Hkrh ? A& 992 1 MS,LRI,O
29 2-F A RBR 2ok 1567 1 MS,LRI,O
30 R T BE ek 1861 1 MS,LRI,O
31 KA Bk 1931 1 MS,LRI,O
32 1-7%.A3 2 750 MS,LRI
33 =R e 1083 754 MS,LRI
34 o- R M 1104 938 MS,LRI
35 B-J% M 1151 991 MS,LRI
36 D-#7#5H5 ° 1185 1034 MS,LRI
37 3Rk 1858 MS,LRI
* 2 BOR A EREMYR-ERZAIEZERCE
Table 2 Aroma-active compounds of dark chocolate by SDE
5 ] AR P RIC LogsFD° BTk
DB-WAX DB-5
1 FATER? 73 5871 vk 932 654 5 MS,LRI,O
2 2-WHh T 235 3, ok 943 662 5 MS,LRI,O
3 Vg P A ok 2 ook A 1476 1087 5 MS,LRI,O
4 Tk ? HEARTE R 1331 4 MS,LRI,O
5 2-T B -1-vroR ik 2 B AR 925 4 MS,LRI,O
6 =7 kg 2 BRA 1404 1004 4 MS,LRI,O
7 RTEE? HI% 1642 1049 4 MS,LRI,O
8 R BR St % B ¢ 5 7T T 1842 1397 4 MS,LRI,O
9 J; 323 AT 904 3 MS,LRI,O
10 B -2 W B AT BA 1163 3 MS,LRI,O
11 1-3F 5 -3-8A ° JE 3R 1299 979 3 LRI,O
12 2,3- = H ko 2 B W 1345 922 3 MS,LRI,O
13 Sllof SR #Hok,iTek 1378 3 MS,LRI,O
14 23)-T%-3(2)5-= A HEERE 1446 1079 3 MS,LRI,O
15 35- = H-2-9 kg ? BREMSE 1515 1158 3 MS,LRI,O
16 FAsmg e ek, E A 1540 1101 3 MS,LRI,O
17 B B2, 4-F = Wi ik iR S 1114 3 MS,LRI,O
18 B JR-2,6-F = HhEE R 1178 3 MS,LRI,O
19 B, B-2,4-3% Z Bk R B ok 1322 3 MS,LRI,O
20 A Sa @k WEsk 967 2 0
21 Ml B A=k 1459 2 MS,LRI,O
22 REE M R 1503 2 MS,LRI,O
23 R EE? F B4k 1524 967 2 MS,LRI,O
24 CEARTHE® A ek 1812 1258 2 MS,LRI,O
25 B, B-2,4-F —F Mk & oA 1221 2 MS,LRI,O
26 R -2- B ik YA S 1265 2 MS,LRI,O
#TM
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#EER
27 T HE%
28 1-/% 8¢ @ ok
29 2,6(5)- = Hekok? BA&, £ 2%
30 2-T#-6(5)-F Ak ? B3Rk
31 2- L8R @ ZH A
32 Xz Homvk
33 2-T B Ak 2 ¥ m ek
34 4-5K25-=FHA-302H)-kHER  EAER
35 2-r% Ak ? KRA&
36 AL ok 2 &
37 Z ¥k —aEk
38 D-#7 4 @
39 eSS
40 R -2-F Hi ik
41 y-+ A B
42 y-t—HBE

1077 806 1 MS,LRI,O
1199 1 MS,LRI,O
1321 917 1 MS,LRI,O
1384 1000 1 MS,LRI,O
1390 1 MS,LRI,O
1905 1 MS,LRI,O
1961 1 MS,LRI,O
2024 1 MS,LRI,O
1232 990 <1 MS,LRI,O
1262 <1 MS,LRI,O
1067 748 MS,LRI
1207 MS,LRI
1395 1106 MS,LRI
1061 MS,LRI
1476 MS,LRI
2389 MS,LRI

E: aP&T #= SDE £ AN BI04/ : b5 RARN oI 2|6y Aok c AR 4540, ARIEIL Sdh by di vend I & R S\ 22
AR AT 69 et it S g d AR TR O R AR B A AR 89 R S AR A(SDE)/fE 4L (P&T): e MS A5 ik AR M 2], LRI 454%

Y& L ARARIE SATAENY RIALH €, O 454272 [F o Abog [ 2],

® 1. R 2 WL ARRE R s ENEHES,
SATEER VTR T30 MBS . W]
AT RN . . R BRI, JhARRR, B
BREE. SFP A PRRR TGN, MRS S DA
FD BHF#oR, LRI ZERAEHUH LA logsFD EREY)
JRAMRSEE, — R FD R F8X logsFD K, 28
TE AU ik FERR KB SR SRR, 8 T o0 B UM
&,

F 1 FD (R¥>125 MR ELE A 7 805 5390 2-
HETARE (3550 Ji) . 3-FJE T S (SBIG 58 k).
2-HIBL TS (3550 i), ZFEMEEE BRAERR). 2,3-
IR (T SR Ay ) S H BRI IR (A L AL
VU FAJEIERE (B, MR o & AT TRT B OB 2E 15
TR ERYIT . %K 2 Hy- logsFD>4 KIYIFR 35 8
Filt, 23 5N B-FH TS . 2- P T, 2,3- R BRI
= SR U SRR, 2- 2B - 1R (BRK
TR, ROEE (BORMO). KH IR R B, AT
AT HUOLA RZ Rk T R BmE . nHbne | s
SV, XY IERI R R S R RHIEAS . Utk
AT T 50 ) MR UK R F— el — 8 & A s i
PRI, TR T SR A P2 A TR A

SATEFRERATLLE N, I3RS e
FRIESE,. MEERR, B, g2, MRIE. gk, &
A AV HA LU RO AR OIS IR SR,
TP T IS . B &, BEA

2315

RIS CEE . 55 JIH) R TR S
HRIRE AN S w R BRI K, I8 52nT rI G
T LZRIRomT, WUkme. KiRs. IREHEHE. TRk it
FRAFW R B R 57 XUV BT PIR) S
B RGN T 5 S R SRR, I HLAE BB B
SRR ZHFERMERFIK Ty . AT, ZEAGE] X
Wk LA T 58 J07 s AR SATGES, AT AT
INLLZREG =L, S BN SH R
] HE A RS A (4 B XUV o

3 &g

16 75 58 77 R B AH OB 50, Misanwil*21F1]
SPME-GC-O 25X} m i Y HH B SIS HE VI 1R 4T 1 43
Hr. Counet C B1Z52 F GC-O 224 B I 78 F71 XU
JRIEATAHT, FEESTEH T IR A8 EERT 5 R R AR o
Afoakwa E O 121 H GC-O Al GC-MSHF 5% 1 J:4A 2%
N Chifz A Mg e ) KB IS 5T S K Sk
JFRRETBUI SN . Afoakwa E - OMIZES AJ m] 13, 50 17 )
AR R S BOS AT T SRR PR T bR TR
GPERE . BRI AT v KU T R R B A

A S2HE ] P&T-DHDA Fll SDE-AEDA 7%, 454
GC-O-MS T FHEE AN B FE T 5a ) RFAE 1 SO
PEAL AT et T . GE IR, TG TR
AR HOCEMEER L &) T BRI, MRk, IR
B2, BRREMR. EENFRIGHENES YA 2-H 5



M EmBHL

Modern Food Science and Technology

2013, Vol.29, No.9

R 3-FE TR, 2-HIETHE. LR, LIEmERE.
2,3- IPBLE IR, =B L DY R | 2- ZE A
- 1AM R R S, e AT T R TR A
PR BN TS T AR o SEEIGII FENS T e R
A ERU A R RS, I S0
B, MRS FFR AR A A

E Lk

[1] R 2R 5 e B S O] A R RS Atk i, 2007,
2:36-39
Liu H, Ji D W. Compound of Choolate Flavor [J]. Flavor
Fragrance Cosmetics, 2007, 2: 36-39

[2]1 SDET B IR AR TAACA A [3). o fR A i,
2005,7:39
Dou G Y. Dakk Chowlate Have the Effeat of Increasing
Antioxidant [J]. China Health Food, 2005, 7: 39

i

W

[8]  ARMetat frdh R HTEOARBT FEt (3] AL s TR A4

H AR, 2006,24(1):14

Song H L. Development in Food Flavor Analytical
Techniques [J]. Journal of Beijing Technology and Business
University(Natural Science Edition), 2006, 24(1): 1-4

[4]  VRAE ARSE T ) T 8, 55 2008 A T RE SR RIS MEAL S 1)
[R5 BT [J]. B fivk#,2012,33(12):238-241
XuQ Q, Lin ML, Liu X N, et al. Analysis of Aroma-Active
Compounds in Canned Stewed Beef [J]. Food Science, 2012,
33(12): 238-241

[5] Fuller G H, Sellencamp R, Tisserand G A. The gas
chromatograph with human sensor : perffumemodek [J]. Acad
Sic, 1964, 116: 711-724

[6] Ulrich D, Hoberg E, Neugebauer W, et al. Investigation of the
boiled potato. flavor by ‘human sensory and instrumental

methods [J]. American joumal of potato research, 2000, 77(2):

111-117

[7] o 5kig I, %.GC-O GC-MS B4 E BFAT1T
R S B S R R[] P19V T1,2009,28(4):40-45
Yang C, Zhang H J, Yang X, e al. The Identification of

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Aroma-active Compounds of Chimonocalamus delicatus
Hsuehet Yi by the Cooperation of GC-O and GC-M S Method
[J]. Journal of Bamboo Research, 2009, 28(4): 40-45
TLHN, Rtk Z I GC-OGC-MS k% 5 b 5uks g e
(AR AL S 0] [ B 741, 2008,8(4):160-164
Jiang X Y, Song H L, Xia L J. Identification of Aroma-active
Compounds of Beijing Grilled Ducks by GC-O/GC-MS [J].
Joumal of Chinese Institute of Food Science and Technology,
2008, 8(4): 160-164

TR AR etk SRR, 55 RS NS PRI f i 26 b LS
RGP A I SE5E 0] £ R 4,2008,8:221-226

Chen G Q, SongH L, Zhang Z B, et al. Preparation.of Pork
Flavor via Thermal Reaction and. ldentification of Its
Aroma-active Compounds [J]. Food Science, 2008, 8: 221-
226

Song H; Cadwallader K'R./Aroma components of American
country ham [J]-Journal of food science, 2008, 73(1): C29-
C35

Afoakwa E O, Paterson A, Fowler M, et al. Flavor formation
and character in cocoa and chocolate: a critical review [J].
Critical reviews in food science and nutrition, 2008, 48(9):
840-857

Misnawi, Ariza B T S. Use of Ga Chromatography-
Olfactometry in combinaion with Solid Phase Micro
Extraction for cocoa liquor aroma analysis [J]. International
Food Research Journal, 2001, 18(3): 829-835

Counet C, Callemien D, Ouwerx C, et al. Use of gas
chromatography -olfactometry to identify key odorant
compounds in dark chocolate. Comparison of samples before
and after conching [J]. Joumal of agricultural and food
chemistry, 2002, 50(8): 2385-2391

Afoakwa E O, Paterson A, Fowler M, et al. Matrix effects on
flavor volatiles release in dark chocolates varying in particle
size distribution and fa content using GC-mass spectrometry
and GC-olfacometry [J]. Food Chemistry, 2009, 113(1):
208-21

2316



