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Abstract

Abstract

Thermal oxidation of triglycerides in frying process produces a large number of aldehydes,
which can be divided into non-volatile glyceride core aldehydes (GCAs) and volatile low-
molecular aldehydes according to their molecular weight. These aldehydes are widely present
in frying systems and are potentially harmful to humans. High oleic sunflower oil (HOSO) was
used as the frying oil in this paper. From the perspective of the interaction between food
components and lipid oxidation, amino acids that can potentially affect aldehyde production
were selected to explore their effects on the production of volatile aldehydes and non-volatile
GCAs. The main studies were as follows:

First, GCAs and volatile aldehydes were identified in the frying oil samples by GC-MS.
Four GCAs were detected in the frying system, including 8-oxo-acyl triglycerides [GCAs (8-
0x0)], 9-oxo-acyl triglycerides [GCAs (9-0x0)], 8-decenoic-acid acyl triglyceride [GCAs (10-
0x0-8)] and 9-undecylenic-acid acyl triglyceride [GCAs (11-0x0-9)]. The first two were
saturated and the last two were unsaturated. A total of twenty-four volatile aldehydes were
detected. The six saturated volatile aldehydes are butyraldehyde, valeraldehyde, hexanal,
heptanal, octanal and nonanal. The thirteen monounsaturated volatile aldehydes were (E)-2-
butenal, (E)-2-hexenal, (E)-2-pentenal, (Z)-2-heptenal, (E)-2-heptenal, (E)-2-octenal, (Z)-2-
nonenal, (E)-2-nonenal, (Z)-2-decenal, (E)-2-decenal, (E)-2-undecenal, trans-4,5-epoxy-(E)-2-
decenal and 5-ethylcyclopent-1-enecarboxaldehyde. The four polyunsaturated volatile
aldehydes were (E,E)-2,4-heptadienal, (E,E)-2,4-nonadienal, (E,Z)-2,4-decadienal and (E,E)-
2,4-decadienal. A substituent volatile aldehyde is benzaldehyde. The above results showed that
four GCAs and twenty-four volatile aldehydes were identified by frying system.

Next, methionine, histidine or glycine were added to the frying oil at concentrations of 2.5
mM, 5 mM or 10 mM, respectively, to investigate the effects of the three amino acids on the
production of GCAs in the frying oils at different additions. The inhibition effect was stronger
for methionine than for histidine and glycine, and the latter two had similar effects. Compared
with the blank group without added amino acids, 10 mM glycine, histidine and methionine
decreased the average total amount of GCAs in frying oil by 47.76%, 26.86% and 22.74%,
respectively. The inhibitory effect of amino acids on unsaturated GCAs was stronger than that
of saturated ones. Taking methionine as an example, 10 mM methionine decreased the average
content of saturated and unsaturated GCAs by 35.88% and 70.11%, respectively, compared with
the corresponding blank group. In terms of the inhibitory effects of the three amino acids on the
four GCAs, histidine inhibited the production of GCAs (8-0x0) more effectively than the other
two amino acids, with a 33.33% reduction in the 12 h frying oil sample at 10 mM addition
compared to the blank group without addition. However, methionine inhibited the other three
GCAs (9-ox0, 10-0x0-8, and 11-0x0-9) more effectively under the same conditions, with a
reduction of 37.90%, 80.30%, and 78.35%, respectively. PCA and clustering heat map analysis
concluded that GCAs accumulated rapidly in the late frying period (8 h~12 h), when methionine
showed a significant inhibition effect on GCAs, especially on unsaturated GCAs, and this effect
was enhanced with increasing addition amount. These results indicate that methionine has the
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strongest inhibitory effect on GCAs, especially unsaturated GCAs.

Again, the effects of 2.5 mM, 5 mM and 10 mM glycine, histidine and methionine on
volatile aldehyde production during frying were investigated. The inhibitory effects of the three
amino acids were stronger for methionine than for histidine and glycine, and the average total
volatile aldehydes in the frying oil decreased by 38.11%, 20.50% and 14.19%, respectively,
compared with the blank group at 10 mM addition. The inhibitory effect of amino acids on
polyunsaturated volatile aldehydes was stronger than that of monounsaturated volatile
aldehydes and much stronger than that of saturated volatile aldehydes, and the inhibition effect
of methionine was the most significant. 10 mM Methionine resulted in a decrease in the average
content of saturated, monounsaturated and polyunsaturated volatile aldehydes by 24.21%,
52.40% and 54.73%, respectively, compared to the corresponding blank group. Among the
polyunsaturated volatile aldehydes, the high proportion of (E,E)-2,4-decadienal, (E,Z)-2,4-
decadienal and (E,E)-2,4-heptadienal decreased significantly to 60.92%, 62.47% and 29.51%,
respectively, at 12 h of frying. PCA and cluster thermogram analysis concluded that the
accumulation of volatile aldehydes was accelerated in the late frying period (8 h~12 h), and the
inhibitory effect of methionine on volatile aldehydes was enhanced with time, especially for
polyunsaturated volatile aldehydes, and this enhanced effect was more significant. These results
showed that methionine had the strongest inhibitory effect on volatile aldehydes, especially
polyunsaturated volatile aldehydes.

Finally, the correlation relationship between lipid oxidation and aldehyde production was
explored and possible mechanisms by which methionine affects aldehyde production were
speculated. The production of both GCAs and volatile aldehydes were significantly and
strongly positively correlated with the peroxide value (POV), p-anisidine value (p-AnV) and
total oxidation value (TOTOX) at the 0.01 level. Meanwhile, unsaturated aldehydes of both
types of aldehydes were more strongly correlated with oxidation than saturated aldehydes. The
strong antioxidant effect of methionine in inhibiting oxidative deterioration of frying oil was
consistent with that of aldehydes. 10 mM methionine addition reduced POV by 1.30 mmol/kg,
p-AnV by 30.11 and TOTOX by 37.43 in the corresponding oil samples after 12 h of frying.
Next, the characteristic volatile products of methionine in the frying oil were further analyzed.
Twelve characteristic volatiles derived from methionine were found to be abundant in the
methionine-added frying oil, including five sulfur-containing compounds, three ketones, two
aldehydes, one pyridine and one thiazole. Among these, the characteristic product of methionine
Strecker degradation, 3-(methylthio)propionaldehyde, and the corresponding oxidation product
were detected. The pyridine and thiazole were generated by further reaction of the Strecker
product of methionine. And the pyrrolidone, pyridone, furanone and furfural detected were
intermediate products of the Maillard reaction. On the other hand, the addition of methionine
did not enhance the ability of DPPH to scavenge free radicals. Accordingly, combined with
POV data, it was hypothesized that the mechanism of methionine affecting aldehyde production
mainly originated from the Strecker degradation and reduction of lipid hydroperoxides by
methionine in the Maillard reaction.

Keywords: glycerol core aldehyde, volatile aldehyde, frying, amino acid, lipid oxidation

v



HP S g 1) o R

I AERE RN R R

2 s JEILAAHR AR
GCAs Glycerol ester core aldehydes B O

GCAs (8-0x0)

GCAs (9-ox0)
GCAs (10-oxo-
8)
GCAs (11-oxo-
9)
Me-8-0x0
Me-9-o0x0
Me-10-0x0-8
Me-11-0x0-9
Gly
His
Met
PCA
HCA
HOSO
GC-MS
SFA
UFA
MUFA
PUFA
POV
p-AnV
TOTOX
PCC

Glycerol ester core aldehydes (8-
oxooctanoate)

Glycerol ester core aldehydes (9-oxononoate)
Glycerol ester core aldehydes (10-0x0-8-
decenoate)

Glycerol ester core aldehydes (11-0x0-9-
undecylenate)

Methyl 8-oxooctanoate
Methyl 9-oxodecanoate
Methyl 10-oxo-8-decenoate
Methyl 11-0x0-9-undecylenate
Glycine
Histidine
Methionine
Principal component analysis
Hierarchical cluster analysis
High oleic sunflower oil
Gas chromatography mass spectrometry
Saturated fatty acids
Unsaturated fatty acids
Monounsaturated fatty acids
Polyunsaturated fatty acids
Peroxide value
p-Anisidine value

Total oxidation value

Pearson correlation coefficient

8-SV QP BRI 22 H v =B
9- S AU PR IBE 225 H v =T
8-Z M T R0 J2: H o = i

-t T A i R I 2k H e =i

8-S IR FF e
9- SR
10-58K-8- 28 R H i
1158409 — BRI R i
H&EAmR
HAMR
HEMR
ENwini)
BERBZHIRK
e H R A E R
AR S - R IR
VLA I 7 PR
AN R 1712
PR T T R
Z AN TG 7 1R
A
p-1ai N AE
AN
BEIRBRAA AL 2R KL




R 2SSOSR URPRTPPTRTRPRTNS 1
Ll BITEREIE oottt ettt e ettt anen e 1
1.2 B E I R A I BE 2T oo 2
1.2.1 FUEERE P B r= AR R A R BRI oo 2
1.2.2 H T TE AL Lo <ottt en e 5
1.2.3 3B R B A B oo 5
1.3 &R AE T IIPUEEMITTT oo, 6
1.3.1 EEBREAESFEF Z 5 IIRM e 6
1.3.2 @R R IE AR R P IIPTETITT oo 7
1.3.3 @REBRAEAUEHAEAR R IIPTEIITT oo, 7
1.4 S IEREF M S AR B FEIIR oo 8
1.5 VFIES BT T N oottt 9
IR L T S v SRRSO 9

2 BT T T oottt 11
2 A B G A ettt 11
2011 B TERE SR e 11
P B S (I B OO 11
S OO STOR PP SORPP 11
2.2.1 TR VMR LK R T TR LI SE oo 11
222 FIVETZIE oottt en e 11
2.2.3 FEMBELRIIUTE <ot eeas 12
2.2.4 FEIRAEBE N TIEIITE oot 12
2.2.5 JHRELAFFEFRITIIIE oo 13
2.2.6 FHIEIEBRIEPEIIIAE oo 13
22T BB T oo 13

3 G e T ettt 14
3.1 JFURNHIEATR bR S BIVEHAE P EEEERAD) o 14
3.1.1 JEUREH R AR D BR AL B N FE AR FRALFERR oo, 14
3.1.2 BUVE A H I EEAZ OB B PE B B e 15
3.1.3 BRI BRI B T B e 18
3.2 GAEFRXT BUVE I AP AZ oS AR BT EEM e 22
3.2.1 EFERT FE A DU AP AZ OB B AR oo 22
3.2.2 FFEE N RUVE I A AL OB S B AR o 23

3.2.3 IR AULE M TP ANROAIAZ DB S B AR s 24



3.2.4 AN BUEM AL OEREH AT (e, 25

3.2.5 PCA T LA GCAS A TR oo 26
3.2.6 BRME DRI GCAs ZEFHIFEM (oo, 28
3.3 EIEBRNT VR A R AE TR e, 29
3.3.1 IR BUVEH A HE KB ST HITEM s 29
3.3.2 FIEMNT RKE A AN FE R S B BTFZT o 30
3.3.3 FFEE N RUVE I A RN A KB & B 5N e, 32
3.3.4 FIEF N RUVE A 2 AN AE KBS S E 5 e, 34
3.3.5 GRIEFRNT RIVETM AP FE RIS ARSI v, 35
3.3.6 PCA 73 AT & RN IS A2 BT FZ M oo 36
3.3.7 FRINE T B IEBR A HE R A BTFZ (o 39
3.4 RN HIVEIH B R FEFRITELI oo, 40
3.4.1 BUVEM IR 5 BE EAC ARG (o 40
3.4.2 EHREFRXT RIVEM IS BTN e 42
3.4.3 F LT RIVE p-TE B FZAE TR oo 43
3.4.4 IR RIVEM B A RITEI e, 43
3.5 EEIRAEEIEINHI I RTBEALHE] BT oo, 44
3.5.1 BUEM IR T SRR PR EE R YEFZ 0BT e, 44
3.5.2 AN RIYEM DPPH H H2EIERRAETI IR v, 47
3.5.3 BRI IESRAE B FTBENLH oo 47
T R T B oot 49
T B A T oottt 49
B B ettt ettt 49
e | TR 51

B 31 A TR ettt ettt 57



1 it

1 218

1.1 FURERER

RURE AR B IR A F] 150°C~190°CHI Al 1, i1 AN 25 <AL weili N AH 4%
B e AN ) AR R, RTINS R AR R K A i AR LA 3 ) — P e A 3 07 K
Mo BUEME— MR A G AR SO, AN TR R th ok 4 T 1 2 Ao R4
JR AT — B BRGSO o A 1-1 B, BOKERS, BT ROETRE . P A,
il K 7 SE BRI IR, s BONE M A T O B B 2384, AR AEAL. K
. IABEAR. REE

as nBe
| Y\
£ K i BB (120°0~200°C)
7K
SHE B8k K REs
| B [
Emmy  DERE S
Fekanw  HECm [l E REEDE
ZBA it i = BREEE =54k
=8k ISR 2 1)
y J - Y J
Ry we— BIVEB o -

1-1 BOKE LR ORI R rh R AR (0 25 A A e B

Fig. 1-1 Various physicochemical reactions occurring in the frying oil during the frying process

FA P FEOMAR S RN EE RN —, Wi EsEl. AR,
RURERL R T B I A LLE s v . Hl =B & AN AR ITER (UFA) 1 H 35
Wor N=ABr B, BB K. BEMERRAEEZIER. A 12 Pos, BRI B, A
AR (RHD £E5 ARG TR E R B IRt B 3t (Re) 5 EALHRRRTEL
Re 558 NI i S H B4 (ROO«) FHLS—7r T RH RIS AT E AL
(ROOH) , ZX—FrBAtsEI RGN, TEMMEREZH R, E5 =B A hkii A
B SS A AR E AR B 2, BRSO 2 IERY, S N AR T R A ) ROOH
SAEFARAN IR BOME TR A — R A AL BT US55 S ST A% A = ) A
FEIERAE . RGO, WlE A B R W — RN R,
BFENTHIRE . . BRI R R E Y, R RV R ZAE R E R TP B 28R
MBER IR, 32200 B R S PSR RO ARIE R,
NFRHE . TR AN EA S, XA SV OR B AE RO R b, PR TR
)L, FFERE YIRS E N A A i



NN T e A7

-
H

RH <, R &% ROO-

/ RH
FEmetE ik

ROOH
OH-
RO
ESRRAL RN gt 7N bk LRI R
i Xy 12

K 1-2 B s AL i 1
Fig. 1-2 Simplified scheme of automatic oxidation

BEAk, BOKE R A A 2 A AR KA SR Lo 7K iR B B T 5 T B e e
1) N w1 U= i [ =597 O VA 7/ G G I < I & L 1N & I
BENRITRRDL. e B9 AR DT R A A7 AE 2 Sy i 77 2R SR R R AR R, L B B R BONE I
RO i G n T BRAE W IR M M s g R ) & B, R B 2 2 E KR GB
2716-2018 MEEIH<4 mg KOH/g. FE& ML 1 BUE 5 SRR ) — 207 H il =
BN A 7 H i = B 2 XU AR R e R AR R A b, A LR A RS
Fodk. FREE. -C-0-C-. -C-O-O-C-HELNT M —RYMLRY), REREMN ) TE
£ 692 Da-1600 Da Z [P, S G WHITE BT S0 RS FESE N . frmkcifd . Wath & s M1
AR 74, RN B A RAEREED,

1.2 RUEEREH RN R

1.2.1 FUYEIEFE A prre AR BRI R ALY

bRk, BOEEREA A T — RIVE AR B 2 SN, Iz H ik = R R TR
MRS ZAE, (A3 HEAE BN AR R A i 1 S R AS R 1074, D i e ot sy
15 400 ZHf, HrP AR Z) 50 Pl 458 JXH B E BAT AR U O ), X el &
RARRER A E NS B 2/ RANE 27505 Shu N/ S 7N 1/ GNP NS 7S N =Fi LN
PRGN R B AN A K H RIS, B R AR . Hoh, USAMH =RV R E
FE, BRI BN AR AAGRIER — R H = B8, TR H =1 — 45+
P EEBIECRI ), Rk, il 22 M R, BRI R B A S TR 1 S 4%
AT TR H 2

FEE R BUE AR T 2 O B I, X e 32 By 22 AN AN T = 8 B P ™
o BERIRSEZ MR, ARG 7 E KN T DR EESR 73 & AT H Il = BR A s 3o
B CHubEEZ0REN, fFK GCAs) MIANE H M =B 7 LR, HrhASHul
—FEREBLEMIEE, SORTARYESCHE B A S R N A E A SRR B IR RS, L RTARYE

2



1 it

C=C S EH 7T 73 AN . PRI A 22 AN A S0,

YR R R e RS, B, HAE SR N nT AR R &, R A
UG B 7= A P T S Jo ASUASL o5 9o I R o e e i 7o AR T SR I ) — /N 43 o il R
M, SEURERZ, WORIIS TR AT I B i AR R A ) (NN AR
THRRENTER o By y A7 BRI L2 B ) B0l 42 B ROOH, it — 0 3o i
figt LI

ANVRLRT I 7 T8 AE il T AR A2 T 2R o 1) R . PR LB A T E 3
A, ERPEERTAIEA. W 13 s, DOMERH I =F 00, 4iMER 2 35
AR BEER, 5 C=C FARK C8 M1 C11 A H T4 B8 i 4 B R 5 AN I TR
B0, R Bud I A B AR OR s B 1, ARk 4 PR S Rk, 43k 8-A
T EAY) (8-ROOH). 9-A itk (9-ROOH). 10-A ik (10-ROOH) Fl 11-5
A (11-ROOHD, M F=AE PUFP A ISR : (1D il =Fg HimEg i c8 kT —4
H R TGS 0o 854 42— H JE K 8-ROOH, fE&E IR N 0-0 # W% Ef RO, Ffif5
KAV, 15 CT~C8 Z [t A @AW R4 2-+—J@lE, BifE C8~C9 ZIAlEL B i&
Zr 4 GCAs (8-ox0) FIAIFN G 4E, AMA e L aE it — 0 S AL A 28 I . (2) TR
) Cl11 k% H BT, @ TFHEASES C9 1 H H K2, IEE CI0~CI1 Z AT XY
H, PEFAE HES 00 455 IR H— H FEEK 9-ROOH, A & ROt — it 1715
2, 1F C8~C9 [ A AW =4 2-28 45, oifE C9~C10 2 a@ it B &84 ik
GCAs (9-ox0) FIANMFNGERESE, BRI — DA AE /S . (3) VIR C8 B
JeRE—ANHET, @ETFEARE, CI10 M HE TR, FHAE C8~CY Z[AITE AU,
5 02 855 IR E—A H 1 10-ROOH, A% ROFEilt— Bk TI%Y, 7E C9~C10 2 [H]
T A BEWR A TR, BAE C10~C11 2l B &84 i GCAs (10-ox0-8) Fltf
Mg EEsE. (4) W Cl11 Bk EZ HIR TS5 0. 4554528 H, JER 11-ROOH, RO-
RAEBZ, 1£ C10~C11 Z Al A B NFERE, B8E C11~C12 Z (AT B i@fe i
P74 GCAs (11-0x0-9) AR 34



NN T e A7

10-ROOH *

h

I

1617,

on

r—Hu
ILE—000R;

1 110

b
Vi il —ocon )
. o " ] "
o
12 13 16 17, A 13 1617,
415, 4_15

) 0
HL =OCOR,
16 17,

GCAs (10-030-8)

HCmOCOR,
18,

1213 16 17,

12 13 16_17,

GCAs (11-0x0-9)

1-3 ViR H-vh = FE R AU k) (8-ROOH. 9-ROOH. 10-ROOH Al 11-ROOH) Fl GCAs (8-
0x0~ 9-0x0. 10-0x0-8+ 11-0x0-9) MIERME (FfE. TWE. ZRME. 2-Z¥IGREAN 2- 1 —IGlE) 7R
I R I g A 20
Fig. 1-3 Formation pathways of hydroperoxide (8-ROOH, 9-ROOH, 10-ROOH and 11-ROOH) and GCAs
(8-ox0, 9-0x0, 10-0x0-8, 11-0x0-9) and volatile aldehydes (octanal, nonanal, decanal, 2-decenal and 2-

undecanal) in oleic acid triglycerides during thermal oxidation?!
4



1 it

UEAh, ERIE S PR ROOE K 7T ROFI—4>F 02, HARM ROKE B-
B2, thn] B AR R R Y . A o VAN T I AN RN R — 2 S B A A T
5[@[22]0
1.2.2 HHE% OB

GCAs IR A I B ) 5 H B A R B, JB T —RAE R Y
S, LG EAL B-ZUR B IR A . RGNS AE BT GCAs 45 K4 2 i ]
1-4 s . SRR, GCAs ¥ Or B ERMNEMAFERYH, Hmd eyt
W, 5 DNA FEATERINEY, B EDEHERPY. thoh, GCAs mIagFEANTE
FRCHI R R, I S A2 5, some L ZE A AN T fe, 7 B P N A R 0L [ALl, GCAs
WA EA BT

JERTIHE AL LA R B GCAs TR AR B2 il I AGEAL SRR 1, JF HOBAE B i 4t
R Sjovalll?7 28 isk vy 25 vAH B R FLIBE 55 B R R, ARG B KT AN S5 10T
M EEW T 113 FiizoiE, P l—JufEhE, FEONT 9-oxo ) GCAs. 2005 4F,
Velasco 2217 180°C X Ui AN ZEALFFIZEAT Shy 10h A1 15 h N b e 5, KI
RO 2 E ZE AR R & F 8-AAF IR G (8-51R-C8:0). 9-5A M TR R (9-5
RK-C9:0), IESINEA AR S TS & A H &5 GCAs. 2012 4F, Berdeaux
ZEBONE I GC-MS M 180°C Ji 4 14 e B AN 3. Jih 2 FF i o s e H ) U 25 T 256 ARV S 28 14 R M
BEHEE, I GCAs FIHERL =Y. EAEEMHRIA GC-MS X EihBR ek (%
TR« REM CE &M AR CE SRR M 12 h 5% ORE =)
BEAT T 0 M, LRGN =R 0, U FE 8-FUR R PG (Me-8-0x0) « 9-FE M TMH
fie (Me-9-ox0) F1 10-58/C-8-ZIFHER I fiE (Me-10-0x0-8) F-ffi FH N briEi AT €&, [FIIN
UEBH T GCAs BIRNSAN S B0 T D0 FART 18] 35 5 R0 S5 4 3ok F i PO R 2L i o 3 22 8 1230
FASE BIEAE AT TR 8 11-FAR-9- T —BRIAG R B (Me-11-0x0-9) FF7ERIIEIR &
TS AT 2 K SRR TR 2 R SRR AL F i GCAs BIAE R
GCAs WA GHE—2an 1%, HMIRIIRBESEA . KARAT GCAs A ikl otk

I
o HC-0-CR
H,C—0—C—(CHy)y- CHO

Kl 1-4 GCAs B4t~ = 23
Fig. 1-4 Schematic diagram of GCAs!?3!

1.2.3 HRERILEY

M AE A EAL S AR T ST A B-13R ) A igde (i 1-3 Pras) PP ARl K %
HAERNE, MW HENEZY), Siflsr RS VIR, B EkE ™
HEAN PRIR) SR IF X AR R AR . AR SCHER 5 5 4, 70 N SCHE S AN S
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NN T e A7

FUAEYEY, s EnE 1-5 fs.

SCHEAN S AN RAN S VAR DU B ] Z B AN R . FRAEAE R . 24
VR R, — RIS IL R, AN U AR AN P RN 3 A 18 R R B K P T R 3 A I 5 1
T2 P S OB P 22 ANV RN R R (R M T A o IR B W OB B P — 2 3 4
~12 MR 18182, B AR SR AR R A PR i o BB o e T B8 7 A ) TR 4
FEAFENEE. TR K. O R, FRE. TR 28, BN S EMMIEEE R
IR & B AR AL S A . B EPIR IR . /. R A SRS UM, R,
O~ S MR UIAHDS, L. AR, TR 45 RS DI <. iR E ML
PR A RIE RIS PR E L2, B 2-TAMGRE . 2- T 1GIE . 2-IRImIE . 2-BRJa s |
- 2- TG 2-SSIGIEAN 2- MRS, SRR, XA K
B SRR AT 4y Hoh 2- 2GRS MR S EA R, 2-INEEE. 2-BRIGIE. 2-F)%
A 2- LA 5 WV IRBE R B %, 2-IRIAEE AN 2- LA U 5 S0 R ER AH OSB3,y iR Atk
A 2 AN AR R R T ELALHE 2,4-PF IAIERD 2,4-5%F TR, 30y R B T RRER Al
MV YHR () 8 A 23 i

TR AL 227 A SCRE BB S AN R AT o B- AR RS, FEH 03 R
FIF -6 RHNZ ARG TR AL A2 . Forh & R R R A4S 4- AR lE I 2,3-2F
AR, o B-ANBAE KBS 4-F-(B)-2-15 88 . 4-F3-(B)-2-1ABE AN 4,5- 38 -(B)-%
B o B-ANHURIE RS BA R Z M, RBMERE. MEIBITHIOR . BN
FIALREME SIIKRPEREAG . B8 FRIp LA S 5 s he 78 26 5 R DR 2= 122

0,

Gk
H

R R s Roo-

/// K
S0 T RN

ROOH

OH-

RO

A Al A BRI 54
S 3

B 1-5 B AT REAEAE M R R S Sl s B

Fig. 1-5 Schematic diagram of the structure of volatile molecule aldehydes that may be present in frying oil

1.3 FERAEM I+ IR
1.3.1 RERERESETSE5KRM

Fr LR MR AL SN, HA B A th A ERUEL TS 58U E R, K T
e BB, BOKEY . mE A, g KRN ek, AR, K
TAER WO BERTE . FEREL A SE R IER AR S . TR S NS W] BE S M R R B
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1 it

B4, BRI — RV R MR T 7 FUERYIE NS TRAE R 1A N\ (10 XU

IR N —RFER WA S, CHIEHSE Z R RN, O AR b
TN SHERBEMISE A PN K Strecrker FERP, FEA KM EMHAET, &
FEIR 5 HOR A RRAE N, I AR B et g i A B — e AmIE R, dE S bl
SRS R P A RN AR i P ) S R 1) T A AN VR AN TR D7 TR (1) S A S BT RIS E
WK E VARG LT, R ERRIE V] 5 15 BB AT AR BRI B R AR SR hi i I B o fE
XA, AR AN S E IR K A Strecker AR, IFr7E =Rk &54: Strecker
M oW . XAV — B S 5 RN, o-fIfRESF N Strecker [EFIEL JF 24
BRI BRI, o i% 0 Strecker BEAIAJE; Strecker M 234 00 AR 1l B8 & 1Y)
B8], GRS PAE R E Strecker PRV 224578 R G| NG AN 28 3 ik . b4,
LIRS 300°Ca FEE LRI N, IR AW KK S RIAFEE, 2k
F& Bk R 2 A N R AR IS, HL R i R B B0, B Rk SE R A B AR
iEYESL, BRI B ATER E R BE&mE UL RAGE e /11, X415
RAARRAE DA TT TR 3558 RIRL S .

1.3.2 [ERAEF MR HHEBT

RETRE A, BERBATEIAEN, B, ZEER AT DU a8 R 7E H .
RIS BR U R AT VERIE 78K 22 8 rR AR IR T BIORE R L (R 3t R PR K B L
G IA R, BT AR B HEESERRAE /T Gopala Krishna 58115 H VI 8 5
RS, BERMBEAAAENIIE. BtE . 2R aihi R 5 ] T4 s AR S AR B T
FIFTEA I R Karel SRR TR 28 ¢ p il i i S 32 AN 3R 98— I ik A B ok R PP i
() B sh A2 24 EIR  TE R S ~F IR Z R 55 K720 . Marucuse!™ M F FE 2 B I & 7 1%
R 7 et AL 10 MEIERR BT EAIETE, P S RIS X L R P A o
FIFTEAL T, IEW] T 2R RENE 1E o EEHUEAMH, FN S o FWm I FESEL. BE
2 20 AR ML R AT I ol R PR R R K LR, R R P AV RS pH A
YRR PE R P R, 5, PEIOE, HER. R R E R AR AL
FEFK AL FLH BB OE ), Ahmad Z81O0K 27 T R IR LK VAT 7S i 2 21
AE S ] 2% AR A0 7R 45 e o, e 0 A SR A e ) B B R T R
R IR S R IR R I TR AR, 17 21X S R DL [ A 2O, AR
LA B AL . Filipenko SFYIHEFE 1 NN SEBR AT SEAENT Il 72 7K FLIRE Hh 22 AL 1 72
Iz BLCUESE, RIERR A (RAN) HRAEMER . E D TR
TREIIN, DEROPUEAE IR, I D SRNEVEN L AR, FLIR
W R A R R B . BRI S AR SE (R AR TR S, I gk K
TR & i L AL S R, TR . FIRE, AR IRAE LR T AR I ST

[48]
1.3.3 FEBRAREMAE AR P RIUEMTT R
TR, FFATR LR P EACHT FAE 2 1 iR RO e, I SE DA 448
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NN T e A7

I ERA IR A AR R DU PUE A . Hwang S50 20 A 2L 1L DA
I BRI E] 180°CHIK &, @i HPLC Wl &AL e Al NMR SN E
R LI P e T (R A5 5 A B B 5 A MR I P Uk () S R R AE I 2% T By
BRIt EETE, SRR S Fm A EER . RSB R IR R R
FERR TR TR S o, HL BN R IR PU Ik Bl AR A PR A 586 2. Hwang 2511 2
TR SR 1 R PRAESE AR . AEZE N, Kb Sy AORE I R v i R K S
SEHYh PR DR, JUHAE 5.5 mM ERZEIRRILH T EAE TEE 2T 0.02%0
TBHQ, JFULT [F—2AF T HIRIAE SRR M SR Sy (2 HIRARFLEALTD , BF
FOLUESK B RIR S PR MR A PR, P ARUFEN R . 28 e R A SR+
FISEIRTE . FRIEMEIL . 2 — AL . Fe el M B 1 s LT U i 10l Heng 45
B ESE 7 H R AL FOE M B SR bn S A E M TR I 5 TBHQ A ISt AAL
TR AR, A RO R IR R R AR R A N RIS 1403 [k, A
WETFE T, F290 s SR AL B A6 vl A AR D S8R B9 7

1.4 FEBRFMIBEIY) B A BT SR

BERY A S22 B UIMOG, BERDRAs 2 A, (K, SR A 5 e
FC— ELA B A R U 1 B B R o R D AR AR SR N 5, R B AR
&, R IR BRI RS AL S A RS S SR SR A I BLx
HOR PN IRATER . SR & i A RSV BRI, 2Rl s RR A A &
R VERK A E DGR LK G B A MR ek 22 il i SR A = il g iy 2
BET D BERA AV R H BT TR 2 2 R AL S P, a0 Wu &P 5t
KRB Ry S 2 B AR B D BONE IS AR A i) GCAs FFBEARTHAR 1 p- 181 & A
(B BRI E PE I PR ) 1 FLAE B R R o« SRR — SRR PR, Hoxt
WS 2R ORI 7 T RSB 7E, SRS 11 2 S B I OQTE . W TUREE BN I ML MRS sy
BB, QFRNAEE. N L% . Zou PR IMIEDET s e
MR H R AT A 2R T AR S A SE S 8 AR O F R (HMF) - FLAP B2 At
SRR RE 5y 0 E T A BRI D R B S HMF JEBUINA Y0 HMF )& & . T0AS
He A ST X (A A MBLR 2RI BT ) B U DRI A R IR R RO BRI 24—
BESE/N 1 IR G . BIRBR AL AR MR R P I RER U 1 BRI S R,
Zhou ZEUVEE2H SR AN AR A 7= AR I MRS CUREIR S Nk, R DA e rT v K U,
HAEHER ) IR E R M 2 . Martin-Rubio ZFSO7E KGRI 2% 1
AT DL 2 AR o B- AN ANEE IR FE, I BT LC-MS A6 00 21t 22 I -1 -5 0 B0 Bl o

W ok F I B R PE TAEAE SR IR B G, B C=0 8, i AMAESE BA C=C .
IR A RIS I ik BRI N . B3R, ARSI AT LOsE L e (%)
BRI PR XU AT SR il R AN SO FRE 8 N, 2R R - BRI N A M ERUE A, X
K, DRI AR IR AT R, AR O IR RO A R SR A e
WL, [ (R ESER (PED ) fgakm ks SH72R, R FR. FR%



1 it

NE S ERR, BRI RE P A OUR B N 7. 28 3%, SRR,
S RLFEPEA IS B G, (B RRE R IAT 22 vl R AR R A, & R B thn]
KA, BEMMECRAR T, EEMF R 2 KOV IR MR, X T4
ZRMBE 9 W28 S AR AWK, A 73R WY L U R AR A (18 LIRS P4 4 1 (140 4 3
5 T H Al AT, SR IR A P A P 5 T LA 2, Rl R B o A R
=, KIHER A SRR ST T PRV AR, AR T E AT S AR A
7 5 AT SRAZ NN B R R AR SR 0T, 1 TR B3 o 2N & AN G BN & e, i
RIS BRI & AT BRI B B i 12

1.5 YEERERNX

B 5 Aot 2 AN M R s R B9 iy, ¥ 9 AT T AITKE & il il N R XU
R, ORIV DA S IR B it 22 4 1 1) BRI By o« IESRAL SR Dy — o N\ A fi
FRAFAEIGAE f& 55 B A TR 7, — B [ P 1 Bl 22 A U8 1) B

M IR EAE TR R =PRI B Y, W B S5 BTk A B S K
Hr o dEs 228, MeChrrlEd i, sWa s (aoksr. ek EE. ok
AV ERETE P AEEIESER R NENZ oME s DEREE—ME
W o X EAPUAMNTENE, AW B R R R AE FUEAR R T XM AR Pt A e,
T RS St 22 0 i B A AR (R S A, 1 SCOR FH 2HL 40 AEG) T BRI 22 5%
THREAINEDT ST, R BRI AR EAT BUE SRS, 83 7 A AN [F) L 0] Ve ft b 3R
YER GCAs AR VERERAL G A A sz, DA BIVE A Tetbs G &AL E
p-HFEMSEAED RN, RTINS S S 1T RIE ) e .

TS AR & B S HOSO B Fixt R, 4liVe ¥ 2 0 B 2 A RNE bt , DLk b
BTYE SIS IR . R (168°C) BEE SR E A S (nzE 2455 filiE k)
Pt BT —R (12 h) ANEIHBTE 4 MR R PR L. R, AR
MHZREEFEHEE T N8, DUOICRRIRIEE K H 2 R I, B e B i 2 A
PUEACRRE R SRR & B EE . HIRAEE HREEM RS B, ks 54
QIR BA. FER. FTREINE STEER. REROGINERSE T W6 &5k
Je iR Hwang 55 NSRRI E 5.5 mM ]S 250 % B INE A s in & Hak
R E B G ERITE, DEEBRAN], AT RIS 0] Sk 680 mg/100 g
W, 5 H 456 mmol/100 g . 4& %, REMRAFIMELL SmM NHIEME, 737 E
IR EE 2.5 mM IR E 10 mM.

IR T, TR RIS B R BR . RN H R A 52 0 Ji L v R R
FE RV GCAs FIHE RIS R, IX — TAEXS T BIER R P B S YR i iR
2 BT VT A RIOYE M i) 22 4 oA B B S

1.6 WEMAEEAR

LA HOSO JyRIE R, A& 7 5 il B S A ELAE A A Bt A, adede 1B FERY
M P S AL 5 D AR R — SRR IR A 7 IR, 4 FC H X R AT E % % GCAs ZE FR I
9



TL R KA A AR S

HARBE 70T -

(1) @it GC-MS X} 168°CHIJE 12 h ) HOSO ' GCAs FIE Kk BE AT & 1 2 B 0
BT, B 3 BRI

(2) HFRERAR. HARANH R A MBI EX 168°C HOSO RINEZE K11
H GCAs AN BRI, F456 PCA FIEREAEIAT i, IRAEEEIRZ I GCAs
A AR

(3) WHFRERAR. HARNH R FSEMEINEX 168°C HOSO RINEZE K11
W RIS AN & B, F45 G PCA FURSEIELAT 8T, RAERLIREIIE R
it A R R

(4) sy WriE2tabn SimlE EE LD Habr GBS p-i EF A AR EALE) 2
AN, #— PR AERAR .. AR RPN EXT 168°C HOSO AlfEH
ST AR TR R I 5 AR R BR () R

(5) 3 W AR BRI R IR W RHE AR =9, 456 B HEETERREE T, MR
M) GCAs AN A1 AE ) AT REATL A -
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2 bR ik

2 MRS

2.1 MR 55
2.1.1 ERFER 5K FH

R AR, s Bl e REA IR AR IRAL, WRE R, WETAS,
R A RA R . EERA: [297H]+ b FlsbrdE & OO bR, 4l
99.1%), WH T i EHE MBS R AT 1,2-88 “&K (KRAFR, 205 99.9%),
W E T+ Eigbrsr AR AR AR &R (AU 99% ) HEEAN. JoKE BN
ToK CBE FRARE . SEAARAER E . K. =SS KRR FIVEYETER . TR
PR AN PR AR 2 W AL BT X P B R AL b tral, 29 T Eify
E2GuGARAR,; AUTIEPAEE . k. PR tilal, HlE T a RERAE R

NG
2.1.2 SERXB/ESHE

WeighMax XJ-6K116 HIEH# (KA E 0.5 L), WH T WL A A A RA A,
UV-1800 LA WA 6T, WHE T Rtk #s AR A5 ; Eppendort 5810 B>
ML, WE TEEYAMEAT; Agilent 7820A KA i1 . DB-Fast FAME ittt (30
mx0.25mm, 0.25um), W H TR E ZHFERAF]; Trace 1300 1SQ “UHH Tt 5T 1 6 A A

(GC-MS), T H T3 EFL B K H /KRB A 7] s Mega-WAX Plus t8 354 (30 mx0.25 mm,
0.25 um), WH T = AKFKMEBHEERAT (FRI)D); EL204 BT K5, WE T LM
eH 2 A ]

2.2 LA
2.2.1 FVHERZELRT T AR B R 4L R Il e

Z: B8 AN B R B 7 R AT AR S AL EE . S5 SR Agilent 7820A S AH
LM G RR, B2 S KA H S A I 2% A1 DB-Fast FAME Gié At . FHEFLT : #1115 60°C
{%%F 3 min, LA 5°C/min 7+ & 175°C{%%F 15 min, FLPL 2°C/min 7+ 220°C{%%F 10 min.
FAR NS, WEREN | mL/min. SERE DRI 28R 5048 250°C; iRtk
1:100; #EFEEN 1 pl. BX 37 Fi g IR B EEVE S PR vV WOE NSRS, X (0 i 14
irett, DimfRH—kdt T e E.

2.2.2 RS

Z I8 EAEE W RS oA % . BUEIRIGAE WeighMax XJ-6K116 HELXEEH3E1T .
B 4G, ¥ HOSO (300 mL) A MFES T+, K IERR (S INE 2.5 mM. 5SmM 5 10 mM)
VRINE| HOSO, JIF7E 5 min WHIHE 168+5°C. A EZE 4 K /NEFIZE 5 emx1 emx1 cm,
FFHERAE 20 g« 3 min, BE/NETYE 2 R, BUVE 12h 551 EEE. f£0h. 2h. 4h. 6

11



AN e e 2 ATES'S

he 8hy 10h A1 12 h 20 BUELAE 10 mL, {35 H1IS 4 H G g FEAE-4°C, 135,
2.2.3 BOEERW e

AT GCAs W& ATAL IR T2 2% TASE M7 . £E 15 mL B s O AR
0.3 g MEE, VAT 3 mL AT IEHFEREA 2 mL 0.2 M B EEANEWL TN\ 100 uL WARTE
W (1 mg/mL) JitiwE % 1 min, EiE N E 2min; FEEMA 0.1 mL GiER-FH EZH W (0.5
M) UiEEIRY 5s LA AIAR R AR BB PR\ 3 mL B A/KIERIRG 10, TEFEA
3500 r/min K &0 5 min, B EZEHEHUZE | mL T 5mL B35 N30 b, AR (45°C)
TG, B mL AIERIE ORER, MG ETTKRERS RBERIR 2 s,
FI 1 mL — R VRS 2 RCBCRE VR, i 0.22 um AHLIERE, JEN 2 mL KR b Ram, &,
KH GC-MS Wi AT @ e &, A iE 2 R TS BT E, fidan .

g% SRAH GC-MS (Trace 13001SQ, EE) /i Ol%, FL#& Mega-WAX Plus
iR (30 mx0.25 mm, 0.25 pm). FHEFEF: M 90°C (£RFF 2 min) LL 6°C/min 3£
FEFHR 22 240°C (PRFF 10 mindo ZHMERA, VE 1.2 mL/mine BERE FURIAS I #5552
%N 250°C; 43ifitl 1:40; HEFEE 1pl. Bk S&ME: B 08 Bl B & TfeE 70
eV. fEHIZIRSE 250°C, BRI 200°C. 375 m/z 40-240.

X B AR ik 5 3R sr, RAWPRETT RS E, E2A0 (1D W

Ci= o xmyxfxovm (D

18

A

C; —GCAs #KE (mg/g);

A; — R HH I P e T A 5

Ays— R 5T ) T A s

mys—IMAFE NI TS, mg;

m —MWFERIBE, g

fi —IERET, 1;

a —PERRFHFEEXT N, GCAs #5 R %, HA GCAs (8-0x0)+ GCAs (9-0x0)+ GCAs
(10-0x0-8) HI GCAs (11-0x0-9) [ o 735N 442, 4.16. 3.97 f13.77.

2.2.4 ¥ RMERBRRYFE I E

T 2% - [ FE A B -SR03 - B I (HF-SPME-GC-MS) 7715 %44 37 5 SN[ i
Ho

[ AR B 2% 1 FREGMARE 340.02 g T 20 mL TR 23 A, M\ 20 uL AR (1,2-
WA, 1031 pg/mL) , FERIIANEEF, 5380y 500 rpm. THASD0E R 7K I i R
60°C, “FHTiFIA]: 4min, TRZSWLFTAS R : 30 min. AEHUSE o B A6\ GC #ERE D fi#
We 5 min, JFEFECEE 250°C.,

B4t R H GC-MS Fi %% Mega-WAX Plus £ (30 m>0.25mm, 0.25um) 74145
RAERRYI T . 2 FHE: HIiE S0°CHRHFF 2min, DL 5°C/min F+ % 80°C, LA 10°C/min
F+2 230°C, {RFF 12min, HJ5LL 10°C/min T+ 240°CLRFF 2 min. B NELIRA (4

12



2 bR ik

& 99.99%) , iE N 1.2 mL/min, AR 250°C. il acft: fEHZiEE 250°C,
BRI 230°C, BTN El, MIFEEREEN 70 eV %G E m/z 35-600.

XTHERAE AR 5 i35 4T GC-MS iz Ja, A3 FimE, HAH NIST 11 i &
R 3k T e, IF4E A SCRIRIE BT BIRE AT, U R UCHELEE =T 800 HIHIN A%
&Y. K AARZEX R AT E &
2.2.5 WFELSZRIBARKIN 2

HOSO I )3 € 2 I8 GB 5009.229-20164, i S A0 5 1 52 Z % GB 5009.227-
20161931, p-Tei 75 AR AR 5 DU 4218 GB/T 24304-20090000, 48 4b (i FBan ~ Ak (2) if
e

TOTOX=4xPOV+p-AnV (2)
X TOTOX A& AbiE; POV A% fl, mmolkg: p-AnV N p-TH F & -

2.2.6 H HEFERGEERNE

DPPH H HIETERRIGE RN E SR T Cao 220 7%, 20 mg MFAEET 1 mL 4R
LERFERL, eSS, O 4 mL DPPH 7K (40 mg/L () LR ZBRIEWD, LALTR LRV
AU EO I, A 517 nm AARIROGEE (4. ZEIREOLIFE 2h, XA (1
mL 28 ZEEA1 4 mL DPPH W) 7E 517 nm A E WG (Ag). LT AR (3D
TH5 DPPH H H &5 B iE -

DPPH H HAIF R %/ (%)=100x

AO0—Ai
A0

(3)

2.2.7 BB

SLEEE 2 K. KA SPSS 21.0 X EHEHEAT Person M. BRIZRTT Z 0

(ANOVA) A1 Duncan f)ZEHIfELK, p<0.05 MHAAZEREZE. KM Origin 2021 F

GraphPad Prism 8 #1442 ], K H MetaboAnalyst 22| 524K . R Simca 14.1 844X}
BAE AT R A

13



NEEDNE 2 Tl e VA7 9'E

3 &iR5THE

3.1 ERNMELRTE R SRUEmSE S T ERREY
3.1.1 JEURH B B R 4E R S S A E AL FR A

RE R op = AR S AP 2R 5 5 kb O IR T R 2L DA o, SRR AL 14
U T SRR . RS P RR I BR 2 i A & = R AR E . p-THi
A A B A iR 3-1 Ao

F 3-1 fE MR ZETEAT I 1 5 I R 2EL st B BAK M it
Tab. 3-1 Fatty acid composition and physicochemical properties of high oleic sunflower oil

fetbn HOSO
C16:0 4.1940.01
C18:0 3.1040.07
C18:1 82.2840.09
C18:2 8.4140.08
C18:3 0.2940.02
C20:0 0.2640.01
A ERZE % (%) C20:1 0.2320.01
C22:0 0.9940.04
C24:0 0.2740.06
Y'SFA 8.8040.03
YUFA 91.2040.03
YMUFA 82.51+40.08
YPUFA 8.7040.11
24 (mg KOH/g) 0.1520.01
LS A (mmol/kg) 0.6440.06
p- Tl 75 JHZAEL 3.9740.11
SEAE 6.5140.14

TE: SFA, MIMENITL: MUFA, SRAMMIENIR: PUFA, ZAMAIEIIR. &HEEEENT1
EHriEZE, TH.

SR FHSORE €3 2y TR B4 T 107 BR 2EL Js I FH TR AR A — 35 8 & o 3R 3-1 AT %1, HOSO
HR LR D R o B 8.80%, ANEATAEAGER 7Lk 91.20%, & TS A B i bE v, o
T N R . HOSO JE IR LA R & & dse ey » o L 82.28%, HIRIHIER, Ik 8.41%,
WRRER /D, 7 EGAN 0.29%. =il R Y RUKE W 2 8 ARSI B A R N AA i
o7, SR 7 ER AR IR (1 E Bh AR RO 2R 2 Ay 1:40:100, 2 4 A0 2L AR i 2
BT T e B AN PR AR I8, (R, v Yl R 28 R 2 S JEUAS V0 g 77 1 R B SR A M
e ML 7 B — AR o AN SRS S A B T U, DGR S P i 77 PR 2L e 2 2 i e 256
VIR AR . Guillén S5V Sy I & B A s RO o, BHE S 72 AR 1 10 /N~11 MR
TR e AR I ) s PR S s SRRk, AR RI(E)-2- BRI . (E)-2-F )@
MEFN 2,4-%¢ IR I %, W RRIR 2 & vy B MV JBRAT S U 7 A BE 2 1 (E)-2- N I (E)-2-

=
==X
=
==X
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3 4RSI

TR 2,4-PF Al o BLAM SR AL N P AR 1) GCAS 22 T MR A AN H B AN A Y i
. Xu V@IS /b HOSO. SEbF i FIRRFF I BIVE /5 1K GCAs RIL, TR & =B R0
HOSO FIZFF 772 A2 ] GCASs 25 & I 5 v T MR AR W R &5 B A kP £ BRI HOSO.
KT I RRFF AT J5 R I, HOSO NI o772 242 55 2 (1) GCAS o WM A (B A1
HOSO 1ENRIFER I, A X H S A s 1 T A 7

BRI p-1 A AR S A B 2 PR RIE S o o2 () B B R A FE A, 1T
F R Wi e E S AL B AOREE o MR 3-1 a0, /e i RS AL KT Ik (A R M AN L S8 A 18 2
51249 0.15 mg KOH/g 1 0.64 mmol/kg, ¥k T GB 2716-2018 FE4)iH £ & 2 4% B ZK b
AR E O BR B R (FR1r<4 mg KOH/g, 1A fb{E<9.86 mmol/kg) . p-ii &L {E 4
ISk 3 A 3l 4R 52 (. 10072

3.1.2 FOKE P B OB e e B

DL 168°CHIYEZ 4 12 h /) HOSO M|, *fAidEuhfedesT FlEsfb a3, @il GC-
MS XF B ESAL =t AT 404, & 3-1 Fiam o ihkE FR S 0 a0 B8 TR IR .

R 1529-28.34 _ GCAs (10-0x0-8) ~
070 AR i 662E8
1 ' C MS
o 180-12h-1
i 20.49 2434
0.60- | Y
055 GCAs (11-0x0-9)
0.5031 GCAs (9-0x0) 2147 | 2444
8 045 t | 12448 \
g 1 19.43 \
2 ool Y \ 2562 2794
- IE \ 2465 A
. 0.35 1 ‘\54 78 |
£ 030 S o \ | 21.02 2773
- = i \ o »
T 55t GCAs (8-0x0) [ \ 2139 2166 WUV A A Y
\ \ () 2273 Vi T il

0203 t \ 1998 | | VWllag7s 1
\ \ 2317
11540 1630 'F 1693 1813 WAL e Y s

015 it mttirte st e’

0.107

0.05]

0,00 dprepeeprrpeerereyroe p—— - : S i i I

18 17 18 19 20 21 22 23 24 25 26 27 28
Time (min)

3-1 168°CHINEE 4% J5 1) HOSO 1 4 it GCAs HIBR™ ) 4 25 1At &
Fig. 3-1 Total ion chromatogram of methyl ester products of the four GCAs in HOSO after frying French
fries at 168°C

Bl 3-1 s T AR5 00R GCAs MR I BR AU . KA NIST i A S SCHRARIE 1)
GCAs FFEE T Fr, 5 4 FhEERE FR S =40, 50 il R 8- AR . F i (Me-8-0x0)
9- AR EMR TR (Me-9-0x0). 10-54X-8-Z/M H s (Me-10-0x0-8) il 11-5/X-9-+—
WIG IR S (Me-11-0x0-9), BT 4374 16.86 min. 19.43 min. 26.62 min 1 27.94
min, PUFPYIEAE NIST i e b UL B EE 3R T 800, 3% 3-2 FHH 1 MO FI TR FF /i Me-8-
0x0+ Me-9-oxo FIANL AN L F IS Me-10-0x0-8+ Me-11-0x0-9 [ = B F 58+ M H ARt
FRE, KR RE E L 3-2.
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2R 3-2 DURMRE R R AOTAE F B SN 2 (%)

Tab. 3-2 Fragment ions of four methyl aldehyde acids and their relative abundance (%)

m/z Me-8-0xo0 Me-9-0x0 Me-10-0x0-8 Me-11-0x0-9
M* 172 (ND) 186 (ND) 198 (ND) 212 (ND)
M-31 141 (20) 155 (22) 167 (5) 181 (3)
M-32 140 (2) 154 (5) 166 (7) 180 (3)
M-43 129 (47) 143 (40) - -
M-60 - - 138 (50) 152 (10)
M-75 97 (60) 111 (66) - -
oAt 87 (100) 98 (15) 121 (25) 135 (22)
74 (75) 87 (85) 110 (25) 123 (15)
69 (80) 74 (100) 98 (60) 98 (70)
59 (48) 69 (37) 87 (60) 87 (46)
55 (56) 59 (35) 83 (65) 83 (70)
41 (90) 55 (80) 74 (80) 74 (62)
41 (43) 70 (60) 70 (44)
69 (92) 69 (56)
59 (51 59 (38)
55 (100> 55 (98)
41 (70) 41 (61

T RPES P EUERSH A S TN (%), ND Ror Rk

MK 3-2 #EF, VURMERR MR /e B IS 0L N FLR R, A — 1% ZE [CH30¢]
PR BT IM-31T, B2 AR ER N A B BB [CH3OHe ™ AR v B 1 [M-32]. B S
Me-8-oxo0 Hl Me-9-oxo &G KA B-BIVIMi 2t T 2 [CsHyo 7 A v B 1 [M-43]", 1M
Me-10-0x0-8 1 Me-11-0x0-9 451 —&E =AM F[M-60] *, %M AL H] A B A
AN, Me-8-oxo Fil Me-9-oxo Figum it 2 AL [CH30] /518 K4 T Melafferty B HE™
A A BT [M-75]7, Me-10-0x0-8 A1 Me-11-0x0-9 JUI| B - X008 (1) I i A8 L 48 480/ 45 it 58 5
RAEZR . AER B AL A d, m/z41, 550 59, 69, 74 A1 87 Jy U IR H g 3 A
BF. m/z 41[CsH7+]"s m/z 55[C4H7+] Al m/z 69[CsHo "N [F] I it 2= P 420 35k AN JE 2 R 1)
Fe3EWE A, m/z 59[CH;0C=0"1#1 m/z 74[CH30-C(=OH")-CHa*] -}y F Fi i) W5 FRF AL 82 17
m/z 87 Wk H T A ik B R AR ER H S Me-10-ox0-8 Fll Me-11-0x0-9 H1 17
EERZ IR, m/z70 ATRERIET y-H (1) Melafferty 54 A& J5 4211 B-851); m/z 83 Af
RE KU TRl e T B E/G S5 5 o-C MAGMEH . MICIERE Me-9-oxo. Me-10-oxo-
8 1 Me-11-0x0-9 1 m/z 98 FZ L. Me-8-oxo $FAE TN m/z 141, 129; Me-9-oxo HJ
FHIERS F7& m/z 143, 155; Me-10-0x0-8 F#{EE Ty m/z 138; Me-11-0x0-9 [FRHIE B T
N miz 152, 180. 181,
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Fig. 3-2 Mass spectrum of methyl 8-oxooctanoate (a), methyl 9-oxodecanoate (b), methyl 10-oxo-8-
decenoate (c) and methyl 11-0x0-9-undecenoate (d)

43HT 7 HOSO RIfE 12 h JG FIMFER GCAs W& &AM . N 3-3 afLIEH, 1
AR GCAs SR E, JEit 65.48%, HiA GCAs (8-ox0) &AL, 1M GCAs (9-0x0)
TERE, fif GCAs BEM—F Ll . M GCAs it 34.62%, GCAs (10-oxo-
8) M1 GCAs (11-0x0-9) & &AL,

# 3-3 FIXE 12 h J5 ) HOSO ' GCAs HIFfiE & &
Tab. 3-3 Composition and content of GCAs in HOSO after 12 h of frying

GCAs (mgl/g) HOSO i bt
GCAs (8-ox0) 0.1040.01 7.73%
GCAs (9-ox0) 0.7240.01 57.75%
GCAs (10-ox0-8) 0.2340.00 18.62%
GCAs (11-0x0-9) 0.2040.02 15.90%
GCAs & & 1.2440.01
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3.1.3 R EmP R EERBR EEEE

WH, FEAE ROERIEEAT, IR AN B e BTG N, D T S AT AR A AR S
56 rh i i S BT P AR B R R B s AR [FIRE BLRCHE 12 h )5 1K) HOSO fEJuFE i AT 20
Bro B ERR . DRI B e S5 SCERX LE, AR E 75 MR IR,
TREFRACEY) 24 Fh . BRI S 16 B LS 4 Fh . JESRLE 9 Fh. BERtb &
P11 R BRI S 9 Fhy BESSALEY LA, BARMLEY RS EVE LK 3-4.

% 3-4 HUNE 12 h J5 HOSO H R LI M2 I &5 &
Tab. 3-4 Composition and content of volatile substances in HOSO after 12 h of frying

FE R MR RI FE (ug/100 g)
MERAEY)
T 852 3.5740.60
TR % 964 54.0442.33
(E)-2- T )& 1036 8.7240.41
Ll 1072 284.25420.42
(E)-2-C\ 4l 1214 47.0343.85
(E)-2- 1M 1125 9.9140.75
R 1176 92.3042.79
i 1281 161.5149.19
(2)-2-Ffs s 1295 10.01+1.42
(E)-2-F s 1319 280.86+10.25
T g 1385 1154.45+16.17
5- IR -1-IG R T 1412 14.5040.46
(E)-2-2F ¥l 1424 100.234.73
(E,E)-2,4-F¢ —JiE 1490 80.560.63
(2)-2-T- ¥l 1499 1.0140.14
oK g 1521 11.5440.95
(E)-2-T- ¥l 1530 56.32+1.85
(2)-2-Z Wl 1603 4.17+1.46
(E)-2-Z 4l 1636 345.0048.52
(E,E)-2,4-T —Jds 1696 10.8940.19
(E)-2-+—Milig 1743 211.5243.56
(E,2)-2,4-%% —Jsiis 1757 82.86+0.27
(E,E)-2,4-%& —)fls 1803 263.80+11.93
S K-4,5-F - (E)-2- 2 Hilie 1994 8.7140.40
MR E )
P 793 6.66+1.16
2-CL i 1070 1.1640.24
2- P i 1174 15.1040.15
3-F i 1247 3.4540.02
2- i 1278 6.99+40.16
3- LHEI Seb-1-F 1326 8.9540.75
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# 3-4 FUAE 12 h J5 HOSO B R MM SR K& & (423

Tab. 3-4 Composition and content of volatile substances in HOSO after 12 h of frying (continued)

FE R M R RI FE (ug/100 g)
2-T-ifd 1380 5.6440.05
2-+—id 1588 10.1740.28
A -5-TA -2(3H) - P i 1797 0.400.04
2- IR T 1850 0.5840.02
LHEIA A7 1 1878 1.2740.25
5-T &(-2(3H)-FR IR PR 1910 10.7940.12
2- s Joz il 2023 3.3940.35
-5 3 -2(3H) - i 2025 4.97+.14
3- 1 H-2- 52 H-2-FR IR -1 2066 1.2840.29
7-.F-4-T- i 2243 3.2940.96
RIENAEY)
2- ] BV SRR 1152 6.96+40.43
2- ] FE IR R 1221 65.74+10.98
3- L FEMEE 1373 6.93+1.49
2- IR FEnE g 1562 0.5840.06
BRWEY)
1EEhE 760 447.00+.85
2-PEf 938 3.6240.10
TR 959 36.9542.54
NS 1027 5.750.32
(E)-1,3-& % 1042 4.6510.47
ki 1085 3.2440.51
+ 1186 2.1540.40
1-Z - OV ) 1714 1.7840.26
4-5 -2 ¥ 1753 0.6240.11
RERALEH)
1- )% I 1233 60.0143.53
5-FJE-3-CL 1280 0.6720.07
1E 1337 7.7940.24
4-3E i 1366 4.24425 86
3-F R 1378 25.86+44.21
1-3F 45-3-i 1434 54.61+46.00
1-BEfE 1439 45.3142.34
1-TFE 1641 9.36+1.79
3 -2- — M- 1- T 1729 2.6540.46
1,4-18Jt — I 1860 3.5840.57
7 1895 6.2840.57
RENEY)
IR 1445 24.5745.81
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# 3-4 FUAE 12 h J5 HOSO B R MM SR K& & (423

Tab. 3-4 Composition and content of volatile substances in HOSO after 12 h of frying (continued)

FE R M R 5 RI T8 (ug/100 g)
R 1551 0.6740.13
TR 1617 3.2140.41
TR 1724 6.3640.38
o 1830 51.55+10.06
BRIR 1937 21.1940.99
FIR 2044 115.60+14.68
TR 2143 293.27+416.88
ZEIR 2249 43.6643.61
R ARy
R 2 ik 1540 61.9344.31

7E: Rl ANTE DB-WAX #_Lit B HRBE .

N T BRI TR 3-4 A SRR IV S R b b, R AR AT U AR 2%

FHERDIR) S L, 4R W& 3-5.

% 3-5 HOSO BIKEJE T M5 A NMEAL S0 35 L  LE

Tab. 3-5 Percentage of each composition of volatile compounds formed after HOSO frying

BEREAED & (ug/100 g) e
MR G 3297.76+17.87 68.38%
A A D) 96.631.16 2.00%
FIED) 80.22+12.96 1.66%
KRG 505.750.10 10.49%
EERAED) 220.37413.57 4.57%
IRENED) 560.0849.16 11.61%

BRI EY) 61.9344.31 1.28%

0 E3% 3-5 fi, BESRAL S WAE BUKE 3 A W i o EL oK, I8 68.38%. Hith T
W, FERAERESD AN FE NEE VR T IR 1) 22 A1 A LI Mo 5 BT 5, AR R AR HE

RN — R

BUATHE FCUE SERESRY o (RO VAN B EL IR OQ AR B AR PRREE, AR HAT 19y S B

ENUARS TP AR 7 RIS 4 &

U4, T SEIEAE I T R R T 5 rh 2R 5

oL, HE— DR T 2SR B 7y A Cel) o SRR CREMGIED 2 AMBAn (5%
TR ATHUAHE DU HEAT LEAL T, SR ILER 3-6.
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#* 3-6 HOSO RUXE o LU R4 S & A kb b
Tab. 3-6 Percentage of each composition of aldehydes formed after HOSO frying

R NAEY) & (ug/100 g) H SNl
PRI R s
THE 3.5740.06 0.11%
TR 54.0442.33 1.64%
L% 284.25420.42 8.62%
53.07%
B 92.3042.79 2.80%
i 161.5149.19 4.90%
T1% 1154.45+16.17 35.01%
BNV i T
(E)-2- T Mg 8.7240.41 0.26%
(E)-2-7 ) s 9.9140.75 0.30%
(E)-2-CLME 47.0343.85 1.43%
(2)-2-FH)d s 10.01+1.42 0.30%
(E)-2-FH)dms 280.86+10.25 8.52%
(E)-2- ¥ Jil 100.23+.73 3.04%
(2)-2- T )ls 1.01490.14 0.03% 33.30%
(E)-2- L)k 56.3241.85 1.71%
(2)-2-5% )% 4.17+1.46 0.13%
(E)-2-Z )ik 345.0048.52 10.46%
(E)-2-+—)dlt& 211.5243.56 6.41%
5- LI R -1-Id R 14.5640.46 0.44%
S 2-4,5- 4 -(E)-2- 2 S i 8.7140.40 0.26%
2 AR K
(E,E)-2,4-F¢ —JifE 80.5640.63 2.44%
(E,E)-2,4-T ¥l 10.8940.19 0.33% 13.28%
(E,2)-2,4-%% — W5l 82.860.27 2.51%
(E,E)-2,4-%% — W5l 263.80411.93 8.00%
BRI K
R H g 11.5440.95 0.35% 0.35%

M 3-6 WLAEH, RIVEM AT IR 24 PRSP, WAREREES 6 Fl,
BT, REE. QB B, FRE. TR RABAEREES 13, GF5E)-2-T4
M. (E)-2-C)AlE. (BE)-2-)@lE. (2)-2-Pe)iiE . (E)-2-PildlE. (E)-2-F¢)AlE. (2)-2- )&
W, (BE)-2- LMl (2)-2-% Ml (E)-2-Z Ml (E)-2- T —JdmlE. [eal-45- 7% -(E)-2-%
IEBEAN 5- L EIF-1-M RIS . 2 AW K IES 4 B, BH5(EE)-2,4-BR —JilE . (E,E)-
2,4-F HiWE . (E,2)-2,4-2% “IGRIERI(E,E)-2,4-28 I, BURIEIE R 1 MO TR RS .

* 3-6 [AI 45 T HOSO RIXEJE T U SR G M B LR L o MASTRIZE RS ERIT
LB RE, VAN R R R I o s o bde s, 3k 53.07%, S BAFE RS ENE
FMRAK N, ERE. OB, SFlE. RS, Hh ERER) Stiims, 4 35.01%, XAlRes
RN E IR = E AR H 9-ROOH 244 FIAN AN e L 65 i it — 2P Afk, kBT 10-
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ROOH H#24R10, BAMIFE RIS (HELEE —, o 33.30%, &S ANEAIEREEN & &
MR BURAKIRRN: (B)-2-%8)@ME . (E)-2-PililE. (BE)-2-+—MlEss, Hr, (B)-2-2)hlE
F(E)-2-+— Wil 53 )& 8-ROOH i1 9-ROOH () BLEE R MREAL =Y, AR A 3= F IR
Y, H AR 2 0 RS R B 20, 2 AN R R S 1) 15 EE Dl 13.28%, LA 2,4-
& IRBE IS R AR, IR R S BIA ) 10.51%. 2,4-28 RN R T4 LR LR
A ML) R AL I 77 TR 1) B2 8 Ak 7, Warner 25051 (B E)-2,4-2% — J#51% /& 9-ROOH
Ir A 3- T m I Rk A, S B E R AR AR 3- IR IR C5 A, it gy T
P LT B ) 2- T -4- 0t EA ), Bl S E0d AR O 7 AR (B E)-2,4- 28 A T
WAL, (E)-2-28 Jalie i S A AR I 2,4-%8 IR, 76 il & S8 25 A T 2 20 il A B — 51K
TR, WK, 2-FIEE . 2- TSRS, XA A BT NE I R S AR R
ISR 2R BURERFE K & EUAR /IS, XY 0.35%.

3.2 EEBORUIEM A LB A BRI RS
3.2.1 FEEEBRUKERH DU R LB B R

TEBNE R FBEM L bRRE S, PH R EEWRERY), KERNEREERF—
KREFNE TR B BA PRSI, X R 2 BE S 8 A IR o (8,
KATIEEE T AW BAMFRPEANAER . HERAEZER, DEAREEAT
W E HR A 2 B 225 HwangPOx T BRI B E I AL 45 1, %€ 2.5 mM.5 mM,
10 mM 23 B AR Py R EE, IIE 12 h BIYEI RS, HOSO Wi e AR IR LR 1
OUF, WA GCAs KB &8, WMAREREAFRBINET GCAs B&Z M4k, 4R
K 3-3,

(a) ™= control O Gly-2.5mM (b) . control 3 Gly-5mM ) . control 3 Gly-10mM
Iis-2.5mM 3 Met-2.5 mM 22 His-5 mM B3 Met-5 mM His-10 mM =3 Met-10 mM

15

-
=]

GCAsE & (ng/g)
o
Ll

G CAsHE(mg/g)

e
=

78] (h) w1 (h) M [ ()

] 3-3 FUXEIE AR AN RIS I B A R R A HOSO o GCAs &L IS
Fig. 3-3 Effect of different amounts of amino acids added during frying on the total content of GCAs in
HOSO

M 3-3 R LAE Y, DULLRE S o GCAs s B HSBEE BRI 18] (38 hn i 3, 2
P I RO . BOHKE 12 h 5, RIS IR 7 4 HOSO ' GCAs SE R K, 15
3] 1.24 mglg, =MEIERIHINES GCAs & B T EM T2 F4(p<0.05), FH =Fha
LRI 2] GCAs B, 45 R IR, (R SRR s B af 4 Wil GCASs i)
FERG AN 2.5 mM R AT DU FRE GCAs B, BT 12h BIFEREA DAL (RER

HIFRH ORI TR H &R D, HoRI ]l b =R SR A/ E AR . (HA2,
22
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Bt 5 2 LRSI = R 38,
#= N5 mM F1 10 mM K,

AT GCAS IR A (22 B BT L, M N
BT GCAs FMEI/E I B BT 5 4 fl, ARIEHT S A
® A1, 10 mM FIEZEENG GCAs P BRAK T 47.76%, 1M A8 i H 2 e i 2H 2 R )
TR T 22.74%H1 26.86%. IXLELIREH], BN =R SRR AT W 1] GCAs M
AR (p<0.05) , HAEHMMWIIMRREE. FE, 25mM. 5mM 1 10 mM HZA R
81453 GCAs T3 & L ARSI ZERR )2 450 ) T B 1 27.16%. 30.92%71 47.76%,
2 BR BRI P A 1 T 5 A o 384 T 18 5

3.2.2 [ERN R F R LB S BERRW

IRYE 3.1.2 455, ARSI H T DA GCAs, H gAML, HR AR
B, N TR R BRI S5 8 GCAs F=A M . HiiHE GCAs IXUEEH, GCAs (8-
ox0) Fl GCAs (9-0x0) ¥ J& T 1% GCAs, AR iFi8 =M LR X P Fl GCAs
sz, 255 3-4 fs .

(a) = control 3 Gly-2.5mM (b) Em control = Gly-5mM (c) Em control 3 Gly-10 mM
@22 [lis25mM I Met-2.5 mM Za HissmM 3 MelS mM Z2 His-10mM 3 Met-10 mM
_0.157 0157 _ 015
] = 2
&b g 50
£ . £ E
a
%om i 0.10 i ﬂgom
.2 o aa 30abe - b
- f - u . ab a | - 4 cbc
E 5 a bt ’ 2 . HIN I" 2 RS i L
a ’ 2 a A I ¥
% 0.05- Lkt e DA BH| < 005 s aad B0 i 1| 1A « 0.05- - B i 4
& a, a / / z A i z a / /
< LTI e A Al = d| 1U| A 1 ¢
S WKl MIENE ¢ EiEEEEEE ¢ kLl E L
o Al BRI BUI A B BH(BAl < 10 1710 1218 1710 1200 1210 17 ]I 210 1710 1210 1710 1710 120 )

0.8+ 0.8+
St a ] e a 0
o 5 = S
E 0.6 A E s bl E 06 bt
.61 Ly an .6 b .6 i
ﬂi a o : ﬂi a bbn 5 m as - ’
L owe HEL Y toe: I & L IC | |
< 0. b, b ’ bb /’ S [4 b
<04 . 1 M| P 0.4 L e ; / g 04 ‘ A A
: ~F MU A - = A 1|
7 0.2+ ’ = 0.2+ B /’ ’ = /
o= A A M HAI A1 BA] = 1=K RAL QM AL RA L B = °2 N 19 1
4 ,l 5 a1 14| U BA ; < ' :l ‘Nl 1l BA| 1A 4 ’ ’ /
c Ia / " 4 ‘ / ‘ c 'I / 4 ’ A / ‘ © 0.0 / d / ’
0 0o 12 0 2 4 6 8 10 12

W1 (h)

W1 (h)

B 1 (h)

K 3-4 FUAE AR AN RS N ) BB HOSO il GCAs & & IR

(a-c) : GCAs (8-ox0) ; (d-f) : GCAs (9-o0x0)
Fig. 3-4 Effect of different amounts of amino acids added during frying on the content of saturated GCAs
in HOSO (a-c): GCAs (8-0x0); (d-f): GCAs (9-0x0)

H1 P 3-4 T 51, GCAs (8-0x0) 1 GCAs (9-0x0) KA BN 3.2.1 ' GCAs & &
HIAR GBS IR —F. FUERT (<4h) , JhEEr D0 U R AN 5E 2 2 5 1 p A 1 A
GCAs AR, RUEEH (56 h) IR A B Eos 2 AL MmO . JRE 12 h
JGi, REISINE BRI 2 AT GCAs (8-0x0) Al GCAs (9-0x0) & 43k %] 0.10
mg/g 1 0.72 mglg, JE&EAREN 7 5%, XZKEN GCAs (9-oxo) A MR WiHER
A BRER = F g T ER 24 A% P~ 4=, {H GCAs (8-ox0) {UCRIETIHMEREY. M 3-4 WA, &
FER I AT BRI GCAs )& & . X T GCAs (8-0x0) , fRIFINER (2.5mM)
IR GCAs(8-0x0) F Il R A fie ik, H 4k 248 s in & U AH e ) ORI T SR =R
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L0 RS A I R K G, ERUE 12 h s A4, 10 mM BHERR . HE R
SR AR IS INEAE T GCAs (8-0x0) 7> T 11.46%. 33.33%. 22.92%. %I T
GCAs (9-0x0) , 2R WA FIVE FE 3y 2 I SR I H R, AidE 12h Ja Xttt
THA, ZHRMEIERIMAE TS T 20.42% (CHZERR) « 21.26% (ZHZFER) AN
37.90% (RER) , BIAMT, =MEEMRNT GCAs (9-ox0) MHIHIEH BT 28 H I
BN EMAEY GCAs B &L —F. 4L, BMHIRERME, X GCAs (8-oxo) #liii]
MR AR RHEIR, X GCAs (9-oxo) FMHI AR R NEEIR, HRINERK, #
| 2 1 1

3.2.3 FERRNFUNEM BN OB & BRI

GCAs (10-0x0-8) F1 GCAs (11-0x0-9) NP FI A GCAs, ZIEFL N IX P Fh AT
1 GCAs A sz i 3-5 Fros o

(il) . control 3 Gly-2.5mM (b) W control =3 Gly-5mM (¢) Em control 3 Gly-10 mM

[is-2.5mM 3 Met-2.5 mM His-5 mM =3 Met-5 mM 22 His-10 mM = Met-10 mM
2 0.25 50025 ¢ 0.25+ a
E; & E
= 0.20] £ 0.20 E
i £ :
5015 z 015 =
2 0.10- g 0.104 g
s 2 =
7 0.05 7 0.05 7
- - <
&) o o
< 0.00- < 0.00- <

~
[
~

W1 (h)
% 0.25 5 0.257

0.20+4

o :
-
o

-
o
1
-
=)
1

GCAs(11-0x0-9)ZE(mg
R
o
GCAs(11-0x0-9) ZE(my/,
%
o
1

e 8 9 ¢
o
a

2 89 &
o
a

o
o
I
o
E=1
I

I 1] (h) B E (h) I 1] (h)
3-5 FIMEIE AR AR I & I SR A HOSO AL AT GCAS &5 i I
(a-c) : GCAs (10-ox0-8) ; (d-f) : GCAs (11-o0x0-9)
Fig. 3-5 Effect of different amounts of amino acids added during frying on the content of unsaturated
GCAs in HOSO (a-c): GCAs (10-0x0-8); (d-f): GCAs (11-0x0-9)
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Fig. 3-6 Effect of different amounts of amino acids added during frying on the average percentage of the
four GCAs in HOSO
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