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S3HT, GC—MS 45 1Y R R PGB W AE B 2R
SRR LE 18 ) AR S BTRR , B TR Y UAH (3 -
MR [F] 15 ( gas chromatography-olfactometry , GC — O ) X
BT S AT AT GC-0 4
FTE & R 35 7 42 BRI 6 B 23 1 ( aroma extract di-
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8 Mgy e S AL P ok T i S (B R (B R
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UKEETR (3 H74h) | LB (550N 95% ) L &
fit (srdral) =@ WL (s al)  mUE B (5 pr
af) BRACERER G (s Hral) AT PEvE R (fhae k) |
PYBR (fh2al) SR ER (fhazal) | B 2545 Ak
S| /A= P e o S T I | A A< i 1] /A1 I
TRMLE(OIELE) C, ~ Cy IEM B (k) H
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(E)2-CEE(95% ) 2-Bilil (95% ) B (95% ) .

2-BREE(95% ) \ (E)-2-BEJTE (95% ) | 1-°F Mi-3- I
(95% ) \2-F T (95% ) \2-J HE WM (95% ) |+ T
(98% ) (E,E)-2,4-FF —J&EE (95% ) | (E)-3-F -
2-F(95% ) \(E)-2-FIHE(95% ) FBE(95% ) \2-
T (95% ) , FHE (95% ) . (E, Z)-2,6-F &
(95% ) . (E)2-T-J M (98% ) . -/ (95%) . (E,
E)-2,4-T "G (95%) . (E)-2-2$ 1T (95% ) .
(E,E)2,4-3% —J&lE (95%) . (E)-2-+ — I
(95%) (E)-2-1 ZJ&WE(95% ) 2-1 =i (95% ) .
(E)-3-TFH-2-H(95% ) , 1 RIBFHTA FRA T,
1.2 (U FE5EE

W Bh 2R R e S B R A IRA R E
il ;XDS5 B A 4> F R FE 2, % [E Edwards 24 A
DF2101S RYAEIRTE IR I @ P ds A 7
AL FA BR /N s D -8403 B HL Bt HEo% , R4
MR 7890A —5975C RIS AH (3% - i BE
FAL(FEA 7 22 5 3 7 U (7890A RIS AH i
(B FID &%) , 5 Agilent 2 7 ; DATU2000
RN EAY , 3€ [ DATU Inc A,
1.3 ZBAH*E
1.3.1 ¥#¥h5e984c

TEREA WS I Pl A IR TR [ e B Y
2000 mLIL BRI 500 g K& H5EAG , inbifili H:
FEAL, TR FTEE] 130 °C, P iR s Sk, 9T
e, 28 S 1.2 L/min, 533 4 450 ~ 500 t/min, 7£
FALBTE R 1.3 4 h BURE , 2 BRSOk 4 105t A0 (e
FIER (A,
1.3.2 #ERXMASSH

T Bh 2R R e WL 1, MR R K I N
50 C,IMAEREE, REETIH 5 x107* Pa, #1.3.1
VTR A IR AR IR AL B 2R IR e e IR T
Y2 B0 10 min(4 °C,12 000 t/min ) , B 2R
P JC 7K B R AT R R /N o0 1 £ i O
0.45 wm it ug . SEBORARFE TR, SR )5 GC -
MS 2 GC-0 Z3#r,
1.3.3 A& - Rk

1. 3.2 TR RO A PIAREE 4R, ARTERE
b R B R M B N 60 pe/mL (I T A W BE S TR
) ,GC = MS 43 # #) {6 3% 4 4 DB - WAX (30 m x
0.25mm x 0.25 pm), F & 7 )7 & i 40 <C, D
2.5 C/minF+Z 180 °C, HLk 10 C/min F+ 2230 C,
230 CizfT 2 min, %S N He, i# 1 mL/min, #EEE
iR 250 °C 3 LR 301 1, A0, 2 pL,
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Fig. 1 Schematic of solvent assistant flavor

evaporation apparatus
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Tab.1 Oxidization degrees and odor characteristics of three oxidized lard samples with different oxidization degrees
i RS []/h i AL AE/ (mmol kg ') 218/ (mg KOH-kg ") SRR
15 1 45.5 % MR P A
2% 3 158.0 2.45 eI AR A
3% 4 271.5 3.10 AR A AR

TENG MR S A i R v B 4R Ak Ao [ 19 228 4 %
AR B TH i, AR R 0 32 AR AR AL R At
H AWM IR - A REARR” . AERARRTTE 1 3
4 h B R ERSRERAEAR LR 3 MRRPERES
FRoA 15 2 5 35 R B AR B e A A A
PRGN, B3 1 a0, 1 SR SRS 75 50, i Bl
HEACRT R ZE A AR BE I T, 2 5 5 U] Dy i
TMARA 3 5 A B Ak
2.2 3INAEENEEBEFRIELERS GC-

MS T4 R

3 A IRRE S 9 R M AT GC - MS 43t
G5 WAR 2, 3 AVEERP RS E T 91 MEA Y,
FEREDE 20 4>, B 9 A B2 12 A4 R 28 17 4,k
2 4 A BRI 1A, BERZ 18 A, 3 M EEf 2

RERA B 2 H A& i, 4000 19,19 .20 4, i
BB 46.23% 54.24% 67. 11% 3 Hok &Rk,
I35 24.32% 13.10% .12.61% . 3 MHREMS &
HEMES NMEG W R O, (E)2-PE
(E) 2-2EWGHE 12605 3- B O iR, S F s ™ R
FARFHAE - GC —MS B 78 5 T KUK B S5, A0 59 5
EEEN O, (E) 2R, WmAKES " RA
SPME - GC - MS £ % A0 Bg D5 HhoAs 0 45 s 5 it 19
(E)2-BHGIE () 2-F I 1-FM-3-FEH O IR .
g 3 AMRESL 1 SRR TP e 84 MR RIS
Y2 SRR MRS BURE , h 87
A3 SRES s R R AU N 76
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R2 3R ENEFE A K SAFE-GC-MS J3Hr4h
Tab.2 SAFE-GC-MS analysis results of three oxidized lard samples

with different oxidization degrees

e IR W) syt
EIER1 1 SR 2 SHE 3SR
JEE25 (20 Fi)
PR 780 0.10 0. 03¢ 0.85 +0.09a 0. 44 0. 10b MS, RI, S
2- N M 832 - - 0.25 £0.09 MS, RI
T 866 0.78 +0.07¢ 3.42+0.13a 1.22 +0.35b MS, RI, S
T 976 5.26 +0.25b 15.45 +0.92a 5.90 = 1. 44b MS, RI, S
2- T HiE 1034 0.17 £0. 04c 1.16 +0. 08a 0.51 £0.13b MS, RI
L 1081 15.50 2. 40¢ 47.60 = 1. 84a 35.15 +2.76b MS, RI, S
(E) 2-I )i 1123 0. 67 £0. 08¢ 5.25 +0. 64a 1.75 £0. 08b MS, RI
B 1180 3.78 +0. 10c¢ 9.76 +1.20a 6.65 £0.95b MS, RI, S
(E)2-C I 1211 2.24 £0. 11c 16.30 £1.27a 4.07 +0.08b MS, RI, S
FRE 1285 2.46 0. 49¢ 8.3320.17a 3.26 0. 14b MS, RI, S
(E)2-PElisls 1320 12.05 0. 64c¢ 62.25 +2. 19a 32.95 £1.77b MS, RI, S
TR 1389 2.60 0. 18¢ 8.07 0. 49a 6.04 £0.37b MS, RI, S
(E) 2 Wi 1421 11.61 +0. 42b 36.551.77a 6.81 £0.41c MS, RI, S
(E,E)-2 4-FF —Jsi 1482 0. 96 0. 06¢ 20.30 +2. 55a 2.33 0. 44b MS, RI, S
(E)2-TJsls 1526 2.20 +0. 04b 9.26 +1.27a 2.14 £0.25b MS, RI, S
(E,E)-2 4-3¢ 15w 1575 0.20 0. 01b 0.65 +0. 18a 0.15 0. 06b MS, RI
(E)2-38IE 1633 3.18 £0.13b 12.96 +0. 62a 2.94 0. 54b MS, RI, S
(E,E)-2 4-FZHsms 1 685 0.16 0. 06b 0.73 +0. 30a 0.13 £0.05b MS, RI, S
(E) 2-1—IaE 1739 1.34 +0.28b 5.62 +0. 56a 1.40 +0.20b MS, RI, S
(E,E)-2,4-%8 s 1793 0.68 0. 05¢ 4.55 +0.40a 1.47 0. 08b MS, RI, S
/it 65. 94 269. 06 115. 56
B2 (9 Fi)
3-JEf 1149 0.08 +0. 03b 0.44 +0.05a - MS, RI
2B 1179 2.30 £0.22b 9.11 £0.63a 1.25 £0. 09¢ MS, RI, S
2-Z SEIR I 1276 0.17 0. 04a 0.33 +0.08a - MS, RI
13453 -1 1294 0.56 0. 07b 3.81 0.41a 0.52 0. 20b MS, RI
2-F 1279 0.98 +0.29b 3.06 £0.22a 0.57 0. 08b MS, RI, S
(E)-3-2F)f-2-H 1398 0. 87 0. 06¢ 3.97 £0. 10a 1.41 +0.28b MS, RI, S
2-T- 1383 0.67 +0. 13b 1.18 £0. 05a 0.07 £0. 03¢ MS, RI, S
(E)-3-T-H5-2-F 1 500 0. 80 +0. 08b 3.67 £0.57a 0.27 0. 14¢ MS, RI, S
2l 1592 0.02 +0.01b 0.16 0. 06a - MS, RI
/N 6. 45 25.73 4.09
W2 (12 Fh)
LFE 945 - - 0.52+0.13 MS, RI
TEE 1146 0.52 0. 08b 2.12 0.28a 0.70 0. 08b MS, RI, S
-89 -3 -1 1160 0.51 £0. 05¢ 5.21 £0.98a 1.97 0. 30b MS, RI, S
3 1108 0. 15 +0. 06¢ 1.52 +0.08a 0.50 0. 12b MS, RI
2-CL B 1223 0.05 0. 04b 0.46 +0. 19a 0.03 0. 02b MS
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LR 2
et I v ) s st
EiEE1 1 SR 2 SHE 3SR
3-BEE 1296 0.23 0. 06 - - MS, RI
2-H LA 1 340 0.12 £0.03b 1.48 0. 40a 0.07 +0. 02¢ MS
1- B4 -3 -1 1353 0.37 0. 04b 0.90 +0. 08a 0.11 £0. 03¢ MS, RI
P 1 460 3.04 +0.21b 9.65 £0. 80a 1.45 0. 09¢ MS, RI
1 -3 -1 1456 5.95 +0.23¢ 25.66 =1.90a 9.63 +1.23b MS, RI, S
F 1559 1. 64 +0. 88h 7.70 £0.61a 1.18 0. 16b MS, RI, S
(E) 251 -1 1611 0.17 0. 04b 1.12 £0. 15a 0. 13 +0. 06b MS, RI
/N 12.75 55. 82 16.29
BRZE (17 Fift)
LR 1441 1.87 +0. 08b 10. 80 +0. 57a 1.35+0.17¢ MS, RI
iR 1 485 3.25 0. 64b 5.27 £0.37a 3.90 £0.21b MS, RI
5] .73 1529 0. 82 0. 06b 1.56 £0.31a 0.74 0. 10b MS, RI
T 1618 0.83 +0.07b 2.29 %0.39a 0.40 0. 13¢ MS, RI
2- NI R 1622 0.10 0. 03b 0. 66 +0. 08a 0.13 0. 05b MS, RI
R 1728 3.19 £0.47b 7.55 £0.52a 1.36 0. 10c MS, RI
CLR 1838 14.90 £1.70b 25.85 +0.92a 8.92 £0.57¢ MS, RI
2- IR 1 860 0.46 +0. 16a 0. 14 £0. 06b 0.12 +0.03b MS
PifR 1942 1.58 £0.21b 2.19 +0.45a 0.89 +0.25¢ MS, RI
(E)2-C IR 1954 0.81+0.11b 1.29 +0.23a 0.39 £0. 15¢ MS, RI
FR 2050 1.39 +0.21a 1.79 20. 16a 0. 68 0. 26b MS, RI
(E) 2-BHIisig 2 066 2.25 £0. 14b 3.52 +0.25a 1.51 £0. 43¢ MS, RI
T 2156 0.93 +0. 06a 0.73 0. 20ab 0.63 0. 15b MS, RI
(E) 2-2FISR 2170 1.46 +0. 19a 0.49 0. 11b 0.24 0. 06¢ MS, RI
(E)2-THR 2278 0.35 0. 11b 0.74 +0. 14a 0.08 0. 02¢ MS, RI
(E)2-Z44TR 2388 0.33 0. 06a - 0.26 0. 06a MS, RI
(E)2-+—Iim 2494 0.17 0. 04a 0.13 0. 05a 0.11 £0.02a MS, RI
/N 34. 69 65.00 21.71
WIS (4 i)
2-2, K IR 947 - 0.53 0. 11 - MS, RI
2-P K g 1026 - 0.31 £0. 11 - MS, RI
2-T IR 1130 0.04 0. 01b 0.44 +0.09a - MS, RI
2- PR FE Ik MR 1227 0. 84 0. 03b 5.38 20.61a 0.10 0. 04c MS, RI, S
/it 0.88 6. 66 0.10
g2 (11 F)
FH R T g 1016 0. 14 £0. 09b 1.29 £0.22a - MS, RI
R I T 1118 2.16 0. 28b 9.18 +0. 85a 0.82 =0. 16¢ MS, RI
N DA 1170 0.04 +0.01b 0.50 +0. 14a 0.02 0. 01b MS, RI
R P i 1220 1.48 +0.39a 1.81 £0.22a 0.11 0. 04b MS, RI
PR IR 1415 0.22 +0.03b 1.72 0. 09a - MS, RI
LR I i 1508 0. 68 +0. 03b 2.25 +0.20a 0.17 0. 09¢ MS, RI
v-& N R 1677 1.08 0. 08b 2.84 +0.28a - MS, RI
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2R 2
feam IR W) s
R 1 SR 2 SHE 3SR
y-BEN iR 1778 0. 28 +0. 06b 0.45 £0.17a 0.15 0. 06b MS, RI
C R g 1805 0.19 +0. 04a 0.13 +0. 08a - MS, RI
y-F N R 1891 0.27 0. 04a 0.04 £0.01b 0.04 £0.01b MS, RI
y-T- Nk 2002 0.08 0. 04b 0.56 +0. 08a 0.04 £0.01b MS, RI
/N 6.62 20.77 1.35
JEJ (18 Ff)
e - 1.41 £0. 08¢ 4.20 0. 11a 2.88 £0.47b MS, RI
1-C 4 615 0.35 0. 04b 0.63 +0. 14a 0.11 0. 04c MS, RI
bt 618 0. 12 £0. 0dc 1.41 £0.13a 0.62 0. 13b MS, RI
IR b 664 0.03 0. 02b 0.20 £0. 04a 0.15 0. 04a MS
Bt 692 1.47 £0.28b 7.96 +0.23a 1.12 0. 08b MS, RI
1-Piks 726 0.31 0. 05b 1.37 £0.22a 0. 17 0. 06¢ MS, RI
Fhe 795 3.93 £0.95b 14.49 £0.73a 1.87 +0. 40¢ MS, RI
(Z)2-F1 829 0.43 +0. 09b 0.85+0. 16a 0.17 £0. 03¢ MS, RI
4-HEE b 850 0.15 0. 06b 0.41 £0. 06a 0.19 0. 06b MS, RI
Tk 889 0.54 0. 08¢ 3.50 £0.25a 0.95 0. 09b MS, RI
1-TH 938 2.24 £0.20b 4.13 £0. 16a 0.21 0. 05¢ MS, RI
Eh 996 0.85 0. 09b 2.74 +0. 13a 2.78 £0.21a MS, RI
1-28435 1037 2.84 +0.52b 4.43 +1.21a 0.58 0. 04c MS, RI
% 1100 0.36 0. 14c 3.74 £0.49a 1.30 +0. 18b MS, RI
+ 1203 0.29 0. 08b 1.20 £0. 11a - MS, RI
+ =k 1306 - 1.42 +0.06 - MS, RI
ERAYSA 1599 - 0.24 +0. 06 - MS, RI
ke 1698 - 0.13 +0. 04 - MS, RI
/Nt 15.32 53.05 13.10
Bt 142. 65 496. 09 172. 20

# MS FR K AR NIST2010 Fiil R, RI K FR RIS E , S Fom HIbRiE i %52,

FEL R (P<0.05),

o i PR, A L 2 S R B e VA A W Y o
Pefeim, 3 SHEah LR B T 2 SRRl LS
SE H A EAL & 1 S RO b X R] e S AL
I S R AR BE i, (R R AT 24 ML B 1
KRR RN (INBEZRAL & W 2 0] R AR R
A5G L) B R A SO R AN R e & A
T MRITEA R h 2 AL R 2R A AR R
V7 T8 H R IR T R RS R AR TR S T AR
6200, HTRFTE R - Sh W I i1 18 42 SR AL A A
S, TN P B R I3 1R A S A
Py S A R A I A RS K
BIRERE  TWE 2-28 I E , n] b ol R S AL R i 7 2
RIS S L L (E) 2l | (E) 2- T |

“ = TFRIRARKE Y AT R R R B

(E,E)2,4-28 IRME (E,Z)-2,4-58 "I 1-¢
W5-3-B  SGBE AT R ST 9H R S R A 7 2 5 R 3] 1Y
N TR (E)2- Tl (E)-2-Iu 1 (E)-2-C
I7HEE , AT P RRIRR AL R == L B k=
s — A S T 7= A R RS W P A
A SN Y E R B BT TR A A DRI A G
SCHRE Z e T8 T 4 G RIS (40 190 °C)
AR R Y & s, ARSI Ak A
PIAE R Le Sk LT A A A, (HAS S0 5008 Y
R S L £ T Song %1 Ramirez %1% %
FRTOZS (AR o 2 B S - BTRBIL 43 AT B i S84k ™= 9
SCRIARMT A EE 2R . X BR T SHE A R SE A0 AR AT
Aeik 5AHIGY 26 R ] SAFE & B 5 B28 21815 3] 44
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RAERE S SRS HEAT 20T, NI B 25 T GC - MS A
REEA LK,
2.3 3INAEEUREREEERESHS GC-0
SHTEER

3 A NERE S AU 1) AEDA/GC -0 43
Mras i, W23, Young 254 B R FHIK A4/ GC -
O Z341 100 °C AL B D7 A o3, %8 1 16 4>
A, AT 7, SCHRHRE (09 3¢ T A 55 i K
R 3BT , 28R A - TR AL A B 1 4% & 1 B
I3 AR GC-0 /b F M sy, A5
55 GC-0 ZrHr v, K 21 i PR R 16 75 A L T

NEH B A U OKORESE, P U E R
“HRWi A GBS ) " M BLA I 5, GC -0 it
Y e 39 AMEEW, U FE 22 MK 7 AR 6 B 2
AR, DA S 2- IR A (E) -6-+ M, RIS SE H i)
ZHAE Y R R DT T | 2% BH R I 1 A A 17 0 4% S Ak
FEAE R KR Y B, (ERE R, GC - MS K
MR R EM (R 2) ,GC -0 BARK
F, X 5K BB AW RARE KR EEA
Ko GC-MS Kol 2 ¥ Ee2R b &9, A0F 2 # GC-0
RrOA SRS R X BR T 5K EEA A, b 5%
BRI AR G,

B33 AR ENEFE ALY SAFE-GC -0 73 #r 4
Tab.3 SAFE-GC-0 analysis results of three oxidized lard samples with different oxidization degrees
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Fig.2 Comparison of detected aroma compounds by GC—-0O and flavor dilution values in

three oxidized lard samples with different oxidization degrees
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Analysis of Aroma Compounds in Lard Oxidized in Control
ZHEN Dawei', XU Yuxia', ZHANG Chenping'*, ZHANG Ling',
XIE Jianchun"*, SUN Baoguo'

(1. School of Light Industry, Beijing Technology and Business University, Betjing 100048, China ;
2. Xinzhou Teachers University, Xinzhou 034000, China)

Abstract: The oxidation of lard was obtained by heating and passing air in control, and three odor
representative samples ( peroxide values were 45.5, 158. 0, 271. 5 mmol/kg fat respectively) were taken
at the oxidation time of 1 h, 3 h and 4 h. Due to the generally strong lipophicity, aroma compounds in fat
are not suitable for solvent extraction. In this study, aroma compounds from the oxidized lard were
directly extracted at 50 °C by high vacuum distillation and liquid nitrogen condensation using solvent
assistant flavor evaporation (SAFE) apparatus, which has advantages with simpleness and mildness and
without use of organic solvents. The aroma compound composition of extracts were analyzed by GC—MS
and AEDA/GC-0. The results indicated that GC-MS identified 91 compounds among which aldehydes
ranked the highest amount followed by acids. In comparision, the sample in a moderate oxidation degree
( peroxide value was 158. 0 mmol/kg) with characteristic fatty odors had the most number and amount of
compounds identified by GC-MS, whereas that in a lower oxidation degree (45.5 mmol/kg) with green
odors or higher oxidation degree (271.5 mmol/kg) with pungent odors had fewer number and amount of
compounds identified. And in all the three samples, hexanal, ( E)-2-heptaneal, ( E)-2-octenal, 1-
octen-3-ol and hexanoic acid belonged to the top 5 compounds with higher content. AEDA/GC - 0O
detected 39 aroma compounds, most of which were aldehydes. Sample in a moderate oxidation degree
also had the highest number of odorants. In common, 1-octen-3-ol, hexanal, (E)-2-octenal, (E)-2-
nonenal, (E,E)-2,4-decadienal, and pentanal exhibited higher dilution factors in all the three samples
and they were considered to contribute highly to overall aroma of the oxidized lard with different oxidation
degrees. The results might help understand the mechanism of fat oxidization in control and provide
guidance for optimal preparation of thermal reaction meat flavors using “fat oxidization in control-thermal

reaction” process.

Keywords: lard; oxidization in control; high vacuum distillation; aroma compounds; peroxide value;

meat flavor
(LS. T°)



