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Abstract: To understand the formation of gaseous aldehydes from pyrolysis of ethyl linoleate and
the influence of amino acids in food matrix on the formation of these aldehydes, the technology of
online pyrolysis-Cambridge pad filter-gas chromatography/mass spectrometry (Py-Cambridge Pad
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Filter-GC/MS) was utilized to investigate the gaseous compounds generated from the pyrolysis of
ethyl linoleate alone and its co-pyrolysis with different ratios of L-proline or L-glutamic acid, and the
changes in aldehydes were compared and analyzed. The results showed that: The pyrolysis of ethyl
linoleate alone produced a large number of gaseous compounds, with aldehydes accounting for
approximately 29.058% (hexanal 8.271% , (Z£)-2-heptanenal 5.455% , pentanal 2.472% , (E.E)-2,
4-decadienal 2.064%, (F)-2-octenal 1.825%, heptanal 0.969%, 4-oxononanal 0.852%, 2,4-dodecadienal
0.458%, 2-hexenal 0.396%, and (E,E)-2,4-nonadienal 0.098%). When L-proline was co-pyrolyzed
with ethyl linoleate at a ratio of 0.5 mg:1 wL, no aldehydes were detected in the gaseous components,
however, at a ratio of 0.125 mg:1 pL, (Z£)-2-heptanenal was detected (6.862% of that from ethyl
linoleate pyrolyzed alone) could be detected in the gaseous components. When L-glutamic acid and
ethyl linoleate were co-pyrolyzed at ratios of 0.5 mg:1 L and 0.125 mg:1 pL, hexanal and (%)-
2-heptanenal were detected in the pyrolyzed products. Therefore, the online Py-Cambridge Pad
Filter-GC/MS technique could efficiently analyze the gaseous aldehydes formed during the pyrolysis
of ethyl linoleate. The formation of gaseous aldehydes is significantly influenced by the type and ratio
of amino acids when co-pyrolzed with ethyl linoleate.

Keywords: ethyl linoleate, L-proline, L-glutamic acid, co-pyrolysis, gaseous aldehydes

T S Wy o (L A5 10 IR T T — e T R U TR )
BA AR H 4 B R AE A, 7R B 00 B L H A R 55
ol BA SRR A B 2 5F i, VR 273
BT T T T R T A R 0 Y H B
B RE S B A B Bt I, — 2B 5T # A3l
L ik i A T R i A TR 2 A AR A T A R 2
Yy s iR Yy o, o e EE R T BA ™
b REEAG R i B O ST R . TEad 25 T2 4F
VFZ I 583 ) T3S I ik B R X K8 22 A 1 A
J0g F7 PR A 42 T 3 A o) 5 T 28 A R ) B, S )
Hh BT A B S T N I R AT AR A R A A1 0 KUK
Yy I A 8, AT I - £ W0 R AP A 1 TR 9 7
BT VR 25 R = HBE R R 508 1D B2 AT
AW R IR A RS ET 2r n RE R [
TR 2 — g my I ), 22 5804k 73 B 45 3K [6) 45 %
PRI AR 7 e KR 58 5 i, —
SO FE N G180 B K O 2 T R T Y
i I 4 A e e 2 A i ) T AR 9l 5 A IO TR S A
gt AU W) T3, XTI 8 2 ) KUK B e a3l |
T EAT AR T 7 R AR A A B R g
U7 SR A 5 A T S0 ) TEE 215 ) T R B R 4 2 P A I
I XU ) 5, i v B ) PR 7 0 8 A B A
JRUBRI21 A7 — 8622 3% 3R i 7 4R 45 Tl A 25 4
A& W %4 1% [l (hydroperoxide lyase , HPL) X A~ 18 1 ()

TG M I TR R A A AP R A, AT 71 25 TR 2R )
JRIS - {E R T S ATF 5 AT 2 R P B AN T A Y TR
JCH I = eV B 46 1, 2EAT AT g DK - £ o
R AR A T A B AN T AT 0 1 Lk 1 A
A Uy ) ) SR A I A DU e il 53 8 RS R R
it B S Ak I i I T T RS T 2K ) T T A A R
ity B REAE LR, (EJR: £ i 2 — D B AR 9 R I, H
IR T R TR Tl 24 AR 5 8 X TR 288 W T T A B 1Y 4
P KU 19 52 0, A1 /0 UL SCRR A

PRI, 35 FH IR 9 P £ 1 1 Sk kS B 0, R 2
TR e i W £ P B 2R BT 8 2R I
A K25 58 AN [ FU B A L — il 22 1 G 1L — A% %8 T X I ik
PR £ T 2 fife T BT 26 00 it 1) 2 0, o8 R I i R &
P ' oA S B ) R FH 280 2 AR i 5 1 26 T B 4 Jo )
WFE LA B AR 28 R WA AR ST . i M A 2 3 1R L A7
I, BN 7 AT R e 0 R R A I B SE R
I AT B — S MR 255

1.1 #RE5iKF

SPAHR £ HR (T 43 EY 99%) . 18 E Dr. Ehrenstorfer
GmbH 2 7] s L-Jifi 2 (38 99%) L1+ A
(J 553 BL 99% ) . 3 [F Sigma 2 Al 5 A1 9Ll (4 5%
9%): 3% CDS Analytical 23,

LRS LA SR 2024 FE 435 E 5



RESEARCH ARTICLE

YIN Qiangian,et al: Influence of Amino Acid on the Formation of Gaseous

Aldehydes from Ethyl Linoleate Pyrolysis

1.2 UE5EE

CDS 2000 % #24f#AX . 55 [5] CDS Analytical 24
) 5 Agilent 6890/5973 B U AH €4 1% — J5t 1% K HI A . 56
[ Agilent 24 F] ;XP603S B! 73 #7 K F- . %1 Mettler
Toledo 2 v ; CIS4 AUFE J3 FH ik #EAF % . C506 AL 4% il
7 2 Gerstel A w5 SUMTUE Fr ok g% . 1 ifg A0 w4
WA BRITAE AW
1.3 #HRA*
1.3.1 A MAatam s oA 2 RE RH CDS
2000 AR fRAL 72 2 Ja BUE R B 1A A i 81
Brug R il ug 4, BF 5 AR AH 7 4 B SRR IR AR
Uik, AH LS 28 48 B R B 5] 3 ] 4 45 A1 ] CIS4
RURR e T 15 R 28 20 R I 20 S0MA €033 — o 33 16 FH Y
(GC/MS ) i 7 A it S A% A B 531
13.2 XA BORMRE  RI 1~2 mg A1 LA,
IFEIEE 2 mm &, € 2058 T, 7E 900 CHE
30 min R HI M L A BIFREC 1 wL WM R £ R |
2 mg L-HZEM 2 mg L-A 2 L} 0.5 mg:1 pL
W L-I iR (8 L-B4MR) AR OB IR &
¥ .0.125 mg:1 pL 19 L 2R (2 L-7 2 1R ) FE
TR TR IR G W) BT 248 b i A e R s
FRAERE S L2 8 1~2 mg A AR IR, T
LA L
133 AGLM S5 RE RS RE S YRR A A
CDS 2000 7 #h 24 fif AL 24 M Jrs oy, A6 & SRR G
T, SN2 AT o B BORR P THE 247, CDS 2000
T PSR AN I 2400 5 . 20RO IR 5 9% 0,
AT $0 91% N, IR&A, AA T i 276 mL/min,
2 E IR 250 °C; FHRH A . 300 CI-RF 55,430 Cls
FHEF] 900 °C, 455 5 s, BEAFEFFA TP
134 #EAMBEHFatAarstisBrmgt ¥
B b IR = ) AR B0l i 5 AR ASGE B2 1 B B
Ve R L UG AR AT L g, kRS 0 SR B 28 B
(W) Al 457 v T 25 1) 2 o ) L [ 4l 4 L CIS4 L R
J7 TR SRR HERE  RR S S EAT UM 3 - 3 I
Ry B R , AOHE o0 4 AR R S5 . R DRI
JE-60 °C, 5% Wt 77 Carbotrap B i W F+ il #2 )%
—-60 CAHEHF 1 min, LA 12 C/s THR F) 250 C, {4 4F
5 min,
135 AARE#EAZ T FM SRS G-
IO FASOE 43 B A 4 1) ASOAH B A A T ARG, AAH £
EAME . A3 S 60 mx0.32 mmx1.8 wm Supelco

VOCOL B4 A @A, Ay maia < (4l
J£=99.999% ), it 1.2 mL /min, 2 H AR 50:1; T+
A .35 CHAEFF 10 min, L) 3.5 °C/min A3 B T
% 180 °C, L4 10 C/min {3 & T+ % 250 °C, {4 4F
5 min, BTG A A B2 (ED B 738, 2 1R E
230 °C, MU ATIRE 150 °C, &5k E260 °C, H B
AEEE 70 eV, FHTER m/z 10~300, & FI4ER 5 min,
1.3.6 #EMMAMm oy EnFf st KA RTE
T3 77 208 2R 45 0 0[] 3% R A7 40 B, W T UK T i
RIUGEIETH AR 0.1% T LIRS, JF I Wiley7n.l 1
NIST 08.L JiT it 1% 2 E A7 K R e M o 7 ) AF X & 4
SR U T AR — AR AT TSR DA U4 T 00 A 1 S
I Ry I 45 5
AL

| D EREHH

21 THBZEARBERNEESERS (S
HHEERY R )

H 2% 1 0] A1, IR £ 6 AE TR ik 3o 7 v O B
TREMSHAEEY, FEA R B B
RIS WIS LM IR AL S ) R R
PR R R ESE ) BT (LA e B — R S
P2 ot ), 0 T AR o 2R SORE B A3 s T FRL IR
29.058%, Hi ol b b 8.271% (Z)-2-BEdis s o
kb 5.455% . IR 5 2.472% (E,E)-2,4-% "4
I 7t 2.064% | (E)-2-"FJ 1 5 L 1.825%  BEfE 5
It 0.969% 4—% T- 1 7 kb 0.852% .2 ,4—1+ —Hk — ¥
I 5 L 0.458% 2 J i 5 L 0.396% UL M (E L E) -
2,4-T- IR A7 L 0.098%, 55 41, I R £ T 7F 24
fiff 3o 72 R IR TE W — 2/ F R EER Y S, A
B LW 2-NIREE S T I 22— T IR T 4
A DAE S Ho At o i i A 3 — 20 2 5 RON, 2
5 RPN Y BLA A A Y T, BE
R IR A AL A WA T Y,

T R £, TR 24 i i JE B 19 SAH A6 & 4 7T B 2
P JE T 1% ST TR T R ik s BT, 33X e AT A DAV T i B
A LA B BT 7 AR A AR BMACIE . BB SR AR
FER I, TR B LA T B0 SRR T
2 s T AR A 30.795% , He v O AT (E) -2—
BT 7 e, 0 30k 8.780% 1 7.327% , Hik iy
BERE 2.989% % 2.810% 1 (E ) -2 - ¥
2.135% , WANEBIE L T (EE)-2,4-28 &Gk (E)-
2-CIIER (K E) -2, 4— B 0 1 45 13 i 11 i s

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 43 Issue 5 2024



P 25

#

JE L RL R T Tk BR T ES ALY R AL ARES K R 0 %R

ES7/)oig U2 7 DDiG M iU R T W
Bt T R £ Wi 5k 2R 5 A Y TR 2 W) SR
& ANE il R B SR A T, LS RS AT AN I
P £ T 2 i 55 B 0 MU TR ) B 14 e = 1 e L 4
P Rty U3 — 20, Chiang S5 7E A7 AN [F] 1 iR R
JEE it K P A B, O Sk R I e g 0 UM R
Yy b 45 DY VT R A (E)-2-C M
P AFIT BT 0 SO R 2R W o B AR S TR P Y -
JRRTRR LEAH O, TR i Y L B I () —2— B T 5 i
WAMBR B IEAR G, F34h, Hi3 1 Al AL, S h AR £ P e
PR I 3 AR T KR I TR LB N U R LR L N

M2 £ T (10.743% ) \6-PHGIR LT (5.432%) . IR &
BiE (1.921% ) 2—TN 45 IR £ Tk (1.919% ) Al 2 FR £ T
(1.165%) % . 2 L Frak 46 D0 S 30 1% £ 19 76 Z4Fd 1)
VAT HEAT PR Ak, TR A B T T R i
[ Co Coo DEFN C o Cop O AN AR FDBUREE | 48 177 75 55
T T 20 AR A A A T TR R A R M A R AL
AW, W FER AR, Wl AR 2 K C—C S
W TV R B I M R e | 2 % A A 0,
M AR A SARYI BT, M 2460 7 s ol L
Ay HT IS MR £ TR B 24 LR A 1 TR

F1 THBZEELNBIEANEIEZSERD (SBEDR)

Table 1 Main gaseous compounds formed in the online pyrolysis process of ethyl linoleate (including aldehydes)
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Table 3 Main gaseous compounds formed in the online pyrolysis process of L—glutamic acid
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