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Analysis of the Key Aroma-active Compounds in Braised Pork
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Abstract: The headspace-solid phase microextraction (HS-SPME) and the simultaneous distillation and extraction (SDE) methods were
used to extract the compounds of two braised pork samples that were cooked with self-made braised sauce (BS) and sugar (B), respectively. The
volatile aroma components of the two samples were characterized and compared by gas chromatography-mass spectrometry (GC-MS). The
results showed no significant differences between the two types of braised pork samples with respect to the type and composition of the volatile
compounds. Furthermore, aroma extraction dilution-gas chromatography-olfactometry analysis was used to identify the key aroma components
in the braised pork cooked with BS, and 35 types of characteristic flavor compounds were identified. Among them, 22 compounds had a log3FD
of >3, and most of them were aldehydes, terpenoids, and aromatic compounds. The odor activity value (OAV) analysis indicated that 15 key
aroma components had an OAV value of >1, including frans-2,4-decadienal, nonanal, hexanal, pentanal, furfural, limonene, linalool, cinnamic

ELNYs

roast flavor,

9 <

aldehyde, and 2-acetyl furan. The characteristic flavor of the braised pork was categorized as “meat flavor, nut type flavor”,

99 ¢,

“spicy flavor,” “sweet flavor,” and “other characteristic flavor.”
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FEAE L TIUHA R ERAR KR AT AL SR B A
WOHEAELL e R AR B AR TR N, i geer i
W2, Jkeb tH A HELE LLe R SR Ao b Fv e
g REra S, AR KL 2 BRI B AR, K,
K FH [ AL (Solid-Phase Microextraction, SPME)
N [E] B 2% 18 A B Simultaneous  Distillation  and
Extraction, SDE) MFETANEE 7 P4, %ot B il £0eif
Ry AR LD A 5 H BB i 2 B AR S 4L e I 1)
R THREUR GC-MS 43#T: #¢J5 , iid AEDA-
GC-0O RE%5E A LIPS AR LU R R B 2
SETs LA OAV KM e RIS R A

1 MRERE

L1 AR5 A

WA WL, L), ERbpE. 2. 2%
e RN T i BRI ke
T CGEEEEFD. Co~C24 IEM k(a5 [
Sigma AHE]; “EHE (gl Ml 12- &K (s
wal) Bl EZA R TIA R A F .

1.2 (UHE5EH

Agilent 7890N S AH-5975 BRI, ZHE1eR}
FARAF; Agilent 6890N SAHEAL, Z4EERHL
HIR~w]; Gerstal MR[H] I (olfactory detection port
ODP), [ Gerstal & 7]; [EAHZEECL (DVB/
CAR/PDMS) 50/30 um, 3£ [H Supelco A F); Tz #iFE
(15 mL) FEZ AR [FNAEARSEE, K
Kl KNP A s BL25C46 RIFENL, EHIRME
FRAF; MLG3 ZYjieis 25k %%, 18 Heidolph /A F;
JA2003 FH TR, EilgRSPAEMERATR AR .

1.3 RIF =

1.3.1  2oiiflsRit 696 &

W2V DR T /K P BC I BRI, FREEACHE
WTHA, PREARSAFELRELL 1.2 H5RE,
F 7.0 BRI N pH 22 7.0, BT EHifE
SN, [F A RE i EE (100 v/min), #E 5
BT 100 Cilissn =N 80 min J&, SERIVKIAREE IR
N, WHIE=IELLT, -18 CUkKFfitfr&H .

FREL—E B IIARE, HEIR. =R, FENE
& SRR 4021t R 2532 2y in A\ 3] Maillard
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SN, PR R R e 3 AT, N
&5 N: Maillard NI 82.803% AHE 16.561%-
HERIR 0.013%. ZLHIZE 0.066% HEFE 0.099%. =
AN 0331% L FEFFH 0.026% 13 J5 R
0.099%, RPIFLeimkit.

132 2B a4 &

HUER 3 em W7 B HAE RIS, BEi, PR
ERMAL F. w R M. B, EmE. #
e Eh ARbRES A SRR, RE A ST
BB, B AZEFIRIPZ) 1 min 5 N RISk S0
3min, JIANFEE. ZHATERPE E SRR RD S,
IO R AN K A8 30 min, ffEhnEk, Kk
o
133 TRZEBEAHKER

HERPRIUZ AT ILTe N 6 g B 2.4 g, 5
B 3.6 ) BT 15 mL TS, 6 pl 1,2-—&
FRHBEA (0.572 pg/uL)SCAPWARIIN, BRI Z
WERRRSE P, TGRSR RN AR P2
fE 60 CFPi 15 min, SAEWEMEFH 5030 pm
DVB/CAR/PDMS #HUCELIFEA T, AH 30 min
J&, K SPME AEHCKEA GC-MS #HFEH, 250 CF
fAEAT 5 min.

13.4 R RAMGEIR

TERFR B AT AT A8 IA 200 ¢ IR 80 g, 5 BZ
NEP 120 g0, TRON[RIN ZIRACHCRE B, IiA 250 mL
MK, DASRH B NARGAT, HEN 80 mL, %
BURE N 60 °C, $EHL 4 ho WARTREGH, IIATC/KH
FRAN, SRIGTONUKFE T-18 C F¥A% 24 h, i385,
TE40 “CHRIE N IR 28 RACKH 22 B0 4 % 2 mL
KA, R THEKE 0.5 mL, IRFEBURNERAR
o, JEME R, BT-18 C R &M
13.5 GC-MS 5#1
1351 (it

B fE: HP-INNOWax A 9 E4H4E(60 mx0.25
mm, 0.25um); %S (He)/iE 1.0 mL/min; HEFE R
%250 C, SPME f##7 5 min; SDE #fFf& 1 pL,
Syt 10:1. FHERET: AiEERGHE 40 C, R
£ 6 min, L3 ‘C/min J+2 100 'C, /5 F+% 230 C;
SPME 1#%F 10 min, SDE {#%F 20 min.

13.52 JFnEstE

BRI BTRER 70 eV (kg
280 C; EFIRIELE 230 C; i EFl m/z 20~350.
13.6 GC-O 4547

X Hl HP-INNOWAX E 41 H (60 mx0.25
mmx0.25 pm), HTNET (N, fHEREN 1
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mL/min; BEFREIRRE N 250 °C, BEFER 1 pLl. AR
FHRARPIE | 1.3.5.1 HFHERE; 2t A 10:1,
THIIEBME AL 1:1 B4 SR NGBS T
A& 28 (flame ionization detector FID) A1 ODP % & .
1.3.7 AEDA 9#7

¥ SDE W4iiids: 1:3. 1:9. 1:27. 1:81. 1:243...
(R RELLIET REFRRE, RUHRE G IHRE, B 1
uL 7512 GC-O 2E E T /04T, H EIWE A RTE ODP
K ARE TR RSk, W EFRRE,  DARERREIR L
E W SRR EUE N EL FD R

AEDA 73T 3 28 L5 HINEEN S 1 TR ,
3R ODP HY [ 2 1 SRR LB T, i &
P R BN ) A2 2 A F P R A4 VAN G I R —
A HE .
1.3.8 OAV &8 LB WAF BB SR

f£ SDE-GC-O H&Efih |, $kik log3FD>3 XUk
VI, THEESIEEE OAV, AXUIF:

OAV=W,/C;

Ko W, ARCAMR AL (nglg), C H Rk K
F oA AL (pg/g).

OAV=1 WA DI e N AR I A S
D7

L4 A oM

141 ALedhey e eorik

KA DR TERBIN AT IR T A% .
GC-MS ) iy KR 5L NISTOS H1 Wiley07 £¢
P PR R A R AT, DURCE N e &R RI
{H5 SCHRFGE ) RUESRE . S RUE 2
C6~C24 IERIBEETEAR ISR AE T [ H et [l

142 Fx &7k
KR EY), L 1,2- S FE NN,

PR T E T
Wiz fx AixWs

KPP W, AeomeriRE (pg/g), FARERFA 1, 4,
AR LETmAR, A, A NAFH SRR, W, A WA R
(ng/g).

L5 B

GC-MS # # ¥ 17 Tukey’s test J7 % 7 #r

(ANOVA), ZRIEINZ HELE (least significant

difference LSD), p<0.05 YCNAFIEREMEZER. KH
SAS 9.1.3 AT RSt T b o

2 RG5O

2.1 TR R R A B GC-MS 447

LRI RS — MR E IR AR,
BRI A A LWE R R R T AR
Rk, WECRY, HRENS 5N NRRT, K
FAMIEHCRE T Maillard N JEITEA R g
7SR A A ) 5 Maillard S SEHH EAE I = AN 7T
LLIE PR ) S R A A e BB R AN 45 b Er 28
YIS AN INIIAE B MG RE . LTS E
TR AT AT B AR (DR 2 AR B G4 B A P b
¥Edit, FH HS-SPME A1 SDE Py FIAS [ i Ak 3 7 2
GC-MS FlEh 5, F8 SR AN R 75 L 4y
o
2.1.1  BEWF BACIERETS s a4

=1 LRATERAENE R RERIR L EY (Le/e)
Table 1 Volatile compounds (ng/g) in braised pork formed by lipid oxidation and degradation

Wodh ID RI SPME SbE
B BS B
LB RM 959 2.16+£0.01 3.17+0.01
2-T Ik RM 979 0.2120.01 0.09+0.01
E79) ¥4 M 1004 0.54+0.02
TR T By RM 1011 0.27+0.01
TEE RM 1076 1.07+0.06 2.510.16 1.47+0.03 0.21+0.02
M R B RM 1105 0.23+0.01 1.66+0.12
ETHE RM 1169 0.24+0.01
2% B RM 1172 0.0120.01
1- % B RM 1234 0.33£0.02 0.40+£0.01 0.40£0.02
2-RIkrk v RM 1243 0.410.02 0.47+0.02

BT
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28 RM 1267 0.21+0.01
FEE RM 1303 0.18+0.01 0.17+0.00
F-2- e g RM 1344 0.46£0.01 0.20+0.02
IR B BR RM 1357 0.24+0.01
i RM 1373 0.13+0.01
E 23 RM 1385 0.50+0.02 0.60+0.01 0.57+0.03 0.56:0.02
AL RM 1579 0.17+0.00
T RM 1610 0.18+0.01 0.23+0.01 0.04+0.01
AL T 1 B RM 1630 0.13+0.01 0.50+0.08
2-+ =R RM 1804 0.03+0.01
2 AR HmE RM 1854 0.17+0.00 0.08:£0.00 0.02+0.01
T RM 1892 0.14+0.01 0.14+0.01
)33 RM 1935 0.03+0.01
SR BB M 1938 0.11+0.01
2-+ AR RM 2020 0.28+0.02 1.38+0.01
E3i RM 2153 0.05+0.01
BB RM 2333 0.62+0.03 0.14+0.02
AR ERES M 2350 0.26£0.01
E-2-+ w9 kB M 2356 1.03+0.08
A7 M 0.22+0.02
55 9.6 5.61 32

E: BRMMRARELE R R T AT HEARERE (n=2); ID: MR HEFX; M: ZFIREM %% Nist05 and Wiley 538
Btk R: RFRIBEXGKFIRE 5408 M, Rl R ARIEid T €548 HP-INNOWax 3691k B 454k BS: A AHle94miferit 2

LR, B: A G TR,

NERTEA PR F =N . T, IR B TR,
PG 2 RIS A o DU PRE i R A T2 30 IR
AL, RRY, EARMEILS T, F
KE R RIS T N b mt™ . 823k 1, %} kb HS-SPME
A1 SDE fIRG4E S m %0, HS-SPME 2EEUAI 2 Mkt
HRI BURAIHINR, 110 SDE 2 N KAER R &= HIES
Vil WERREUTSE S AR &SR, K mRT
REEAHER, AT XL A & U o 1) 4
7.

Co~C10 I R MERESS A A P 1 2 B M)
i, AEBMERACR— IR =, X —RRiE
AL T AR R, EREER AL L IR 1R
8, WREFIRAT AR Xk, Horp, CikE
-6 ANMPENTE, AHHES, £ SPME 44,
HAERES B & 22 E T BS 1, Wi7E SDE
ST, EEGRMR FEER 24-2 IRRERR T H
AR, AT SR, AR R B &
ZHIAKR, T BS FEaH 24-28 A S RE ST
FEdh B K, TREAAT Rk, HAEPIARER A

SRR ER.
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MR RSP BB R, RIS PRI SR XU P DT kA
e JURR BT PR M= . BRAL AT IR
KRA DTk = B IR &, IR &2
JE 7 At A B S R FR 22 E Sh B AL I TR, AT LA
W T B SR Sy, A UK SN, B e
B, BS R IIE] T FRIEBANE, B o]
SETRHARE, Wi oA
212 JRrTERE =45 Maillard R = #48 &
Y R S me B0 a4

B RS AT A RS . B IS R YEYDR
A] R 5 2 IR BV S A s B 1 FR ) PR A AT e AR
N, AERRRICE YD, X R AR S B SR P AR
TR, PERRLIBSIN) GC-MS 25 S R E g i
BfA =45 Maillard [ B> 90AH BAF FHFE RO &S0k
g7, 4R, BN SRR .

IEY AL A 3 B Maillard 2N =640 &R
PRIENA YN A I, Hodr 2-f FEWEN) T g 2 F it
A G A EARRE SN . Zhang F1 Ho FURFARLIE
AU, 2 4-2% — RIS FIBR AL S0 7K IR & I A £
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U 2-e ey Al 2-fedik-5- FRRIGEWy o 2- 2 BEIgEmy
AL 2- FEMRI BT AYI(E, E)-2.,4- O )i
HIEAERRRIN, JEE B R, 456 2-2.3
BRI GC-MS 4551, B 1) 2- £ 5wk & B WAL BS

Ve R, TTRERET B I 2- 2Rk
T ETER T 2- 2 ey .

2-IRFEMENE, R FAAAE T HE ATAE£ i
FORRGEAE R 2,4-%8 TR S I EIR ) 2R A B
SIS ZERER B BRI E 2- Ttk BS
HEA. ATREHT BS fEZAEHEIN 1 B HIEMI T,
H RN TR, R RS R,
25 7 WRRIRI ) SR SN o

2 DRATEHAEAIEREMai | lard REABE(ERFBBIRIAILES (Le/e)
Table 2 Volatile compounds (pg/g) in braised pork formed by the interaction between lipid degradation and Maillard reaction

SPME SDE
ez ID RI
BS B BS B
2-F gy RM 1110 0.2540.01
2-THhvgmy RM 1223 0.080.02
2-THrEy RM 1435 0.1440.01
2- K Atz RM 1581 0.22+0.01
pS2 0.36 0.25 0 0.08

E: BREMMRGRELERET AT HEATERE (n=2); ID: HRESTEFK; M: FTRIEREE Nist05 and Wiley k4%
Bk R RRESIR AR B IEE0TH,; Rl RFRIERL &84 HP-INNOWax #H - 69R G464 BS: A A #l494TbEfeRT X
AL R B R AR TATAG LI,

2.1.3  Maillard B = # 5 H7
3 LIIRAPHMai | lard REZFZAEINIRILESD (ue/e)
Table 3 Volatile compounds (ng/g) in braised pork formed from Maillard reaction

o4 ID RI < SDE
BS B BS B
2-F A RE RM 834 0.36+0.02 0.28+0.01
3-FARTE RM 935 2.0120.10 3.17+£0.06 0.03+0.01 0.02:0.01
# A AR M 1286 0.35+0.02
R RM 1271 0.08+0.00
3-FRRA Al RM 1484 0.66+0.01
HREE RM 1461 0.93+0.01 0.15+0.01 0.30+0.05
2- Ttk RM 1511 0.04+0.01 0.04+0.01
KPP EE RM 1522 2.0120.01 2.24+0.01 0.300.02 0.12+0.05
5-F Jh ppEs RM 1570 0.24+0.01 0.19+0.04
5-9 H 2wk ok P BE RM 1700 0.13+0.01
2-F A9 Arkm-3-81  RM 2393 0.50+0.02 0.09+0.02
5-F2 ¥ JmREs RM 2512 0.53+0.02
¥ B RM 1605 0.08+0.01
2-Fk-6-F KT 8L M 1781 0.77+0.05
2- LBt Akotkrk RM 2037 0.10+0.01 0.09+0.02
= RM 2232 0.05+0.01 0.44+0.01
35 7.55 7.05 0.98 0.72

E BE MR IRELERET AT HEATERE (n=2); ID ATHRGEMAF X; M EATIRIERIEE Nist05 and Wiley k4%
JeRM; R ATRBL R PIRGISHENM; RI A TR &84 HP-INNOWax a9k B 4540 BS A7 A #e9L0piflskit £
LR B AT AR TR A,

SR IS S A XIR T B B Bk AT, A
FEH H Maillard SR A2 AR BT 3 B 2830 2K 4k

GV, DRI, TERE, MR ESRSE, BRAh, b
ARSI, G0 Strecker B, FREERERAN SR
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Hemiietb Y. GC-MS LB % 5E ) 16 Rhsehifs
SN ARETAREE D70, #EED BS A SR
FREANE EAEHE M B PR . — B2 i B Rl T RELE
T B AR SR S R R A RIACHE . 2R
JEMEHE R IR R S 52 RS . ABEE Maillard
SRS ) S A B REARE =, PR P R

BASCHEEEE, a0 2-FERNmE, 2-HET %, 3-
FHRS T I RN 2K R I8 5 A2 |R T Bl S8 AT 2 20 ) E

AR AR RAMRFEILIRIN Strecker FEfgE™
Ao 3-HEETRENIETE, TN RS,
ERES B RIS B . 1 3-FRIE RS, RRZEK
R S E AR, T8 BS Y N R
s FIPNEE IR 45 R — 3. XA A £
SRS A IR R IR Strecker PR,

214 Hewrizr

®4 IRATFHENRKUEMNEE (Le/e)

Table 4 Volatile compounds (ng/g) in braised pork formed by other miscellaneous processes

adh D RI
BS B BS B
A R AR M 981 0.3020.01 0.39+0.01
A5 SR RM 1036 1.17+0.04 1.57+0.16 0.13+0.01 0.11+0.03
b3 RM 1078 3.64+0.09 4.20+0.16
TAER RM 1135 0.17+0.01 0.260.02 0.66+0.02
W 79 A AR RM 1165 0.44+0.01
TAx A AEb RM 1171 0.47+0.01 0.34+0.06 0.34+0.03
A5 KW RM 1176 0.19+0.02
o BRAT I R.M 1204 1.30+0.01 0.86+0.13 1.710.02 1.18£0.07
LAz K RM 1214 1.51£0.02 1.53+0.10
KB W M 1217 0.22+0.02
Ageet i BE R.M 1218 0.40£0.04 0.51£0.02
ARARAE )R RM 1280 0.14+0.01 0.25+0.02 0.05+0.01
Mo R TR B M 1298 0.26+0.01
FAEEZ R.M 1530 1.310.02 1.714+0.04
4-FEHEE RM 1589 0.07+0.01 0.13£0.01 0.31+0.03
EdS RM 1639 0.25+0.00 0.32+0.01 1.88+0.02 1.46+0.02
& % RM 1656 0.17+0.01 3.08+0.01 3.83+0.12
IR S RM 1669 0.46:0.04 0.14+0.02
W {5 ik B3 RM 1681 0.07+0.01 0.07+0.01 1.06£0.04 0.32+0.04
AL B RM 1701 0.21+0.02
RAX @& M 1704 0.09+0.01 0.20+0.01
LB oA B M 1737 0.11£0.01 0.19+0.01 0.02+0.01
Aot B RM 1769 0.12+0.01 0.10£0.01
KA B RM 1775 1.110.02 1.8240.11
P M 1821 5.40+0.01 5.20:£0.02 8.38+0.04 4.56+0.42
2,6- =T ARt F A KB M 1896 0.02+0.01
(E)- W AEE: M 1903 1.08+0.07 0.42+0.03
2-FRAKTE RM 1977 1.10£0.04
" &R M 2028 1.28+0.07 6.25+0.11
PCE S RM 2042 0.150.01 0.13+0.01 1.22+0.01 1.35+0.03
PR RM 2053 2.83+0.01 1.12:0.02 3.47+0.11 3.27+0.04
EX M 2072 0.08+0.01 0.12+0.01 3.66£0.20 3.11+0.06
TR
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A ALER L RM 2158 0.070.01
X A B RM 2170 0.04+0.01

24- = AT A KEy M 2292 0.06+0.01 0.71+0.03
AEEE RM 2334 0.72:+0.04

EOA RM 2465 0.16+0.02 0.24+0.03

—AKE A M 3.73+0.07 3.78+0.13

2-F R AAERS M 1.00+:0.02 1.34+0.07

82 17.87 18.261 36.42 3841

E: BRMMRAREERERT AT HEARERE (n=2); ID: MR HEFX; M: ZTIREM %4 Nist05 and Wiley 538
Btk R: RFRIBELSKFIRE 5408 M, Rl R RiRidid &84 HP-INNOWax 691k B 454k BS: A A Hlegamif-rit 2

AL, B: A G TR,

K 4 ) 39 FESRSAE T R =Mk, £
HERAE) B TT B IRAED . W EERRR T A3 7 5
) GC-MS 55 n] L, F1HS-SPME FI45 B AL, SDE
SERMCEYIMRE L, FEE T X LR R
FHXI T o IREEF S 3 BRI T S A R
FrE R E TR IO o T, RAERE . o-TR
i MR O EFRE S R R A A .
TN B SN 7N L S St SN N B S i i =
Fho WM. PUEERR 2Bk 30, X E S YT ik

AR BHEWIRG CEHABERNE) FrHiE Ry
IS ARG BS M B, H TR
AR IS P R S R AT R i B AR SR — 2, P
PAAERZETIANK o Tl A R B A S ) 5 Bl
i, ATREAE SR AN AT 5 e AR B X
BERA K.

22 BS 25 FAFAE MR R M R AT

#< 5 SDE-GC-0 %3] BS LT KRN BIRIEMER 5>
Table 5 Aroma-active compounds detected in the braised pork by SDE-GC-O

RI At 4 AR HAafhit 2= /(ug/g) Log3FD BE/(ng/g) OAV
935 3-FA-THE BE, BA 0.0335 1
942 33 Bl FE 3.0012 4 0.02 150.06
1036 B 45 SR b BAE, F& 0.1321 3 6 0.02
1076 i HE&, hpgE 1.4725 3 0.0045 327.22
1169 3-%He Arde, MREE 0.1547 3 0.77 0.20
1171 A3 A A ied, HHE 0.3447 3 0.099 3.48
1184 147K A, AR A 0.7133 4 0.01 71.33
1218 HevtihBE A, A 0.4129 3 0.012 34.41
1251 2-WA-3 (Z&rkhid) B 0.0937 1
1280 ARTENE B, MAEE 0.0518 1
1385 EirS HE 0.5744 3 0.001 574.40
1461 i A, A4 0.3468 4 0.003 116
1511 2- LBk ok WE, AF 0.0429 3 0.01 429
1522 KRB A=, BHE 0.3224 3 0.35 0.92
1530 B A, BERES 0.3115 3 0.006 51.92
1630 AL T A B BAE, 5 0.5128 4 nd
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