. 7 IRDBSETEE
529 :51? ( - ) @ E305 2022% E1H

“AUERMmBRIAERXERNEEF HAEEIEZMN

DOI: 10.16210/j.cnki.1007-7561.2022.01.004

oL, WA, W5, & RE KRR BE AR RN i o O KR A A AT (D], R B SR, 2022, 30(1): 28-38.

XU LR, CHANG J R, MEI X, et al. Analysis of key flavor components in french fries and frying oil at different frying stages[J]. Science and
Technology of Cereals, Oils and Foods, 2022, 30(1): 28-38.

A I B B B 25 2% PR i il v
I UK B 51 93 B

EEE, T, RRIE, KB, K OE, £FY, ZXE

M
[

i S

(THXF BRFR, TH L4 214122)

B E: RARFZF RO R SRR TR, AU d— ik, Wige) T AR me
Rk, (&R K47 (RO) AMEAE P, AUEEL (FF) M9 RAL BRI E AN ZHHE, &
HHFOhBE (B s 4y (TPC) 894F 4 3.0%~8.0% ). AEME (TPC #94-F 4 8.0%~20% ) #=
M (TPC 89424 22% A L), A T Ry &Hgey e faisd, &7 MmHA 3.0%
(FF1). 10.5% (FF2) #= 27% (FF3) #9388 A7) &6 F 52 484 (ROL, RO2, RO3)
HATRE 5T, SR A, FF1 ¥, (EE)24-2 =8 (Gh¥EArk) 285K, X T2 FFl %A T
FoBAKS R, 5 FF1 4= FF2 A8k, FF3 A FH6 TR (F ok ), BB, £8R . R L#Ae L X-4,5-
HA-(B)-2-545 8 (& BArR ), T8 FF3 69k B4, ssh, FF3 P 2,5- =% ihbvade 2-T 3k -6-
R 0 TR T BURB B R, TR RE RS T, B4, RO3 P (B)-2-+—Mmk, T
B, RBRfe TRA RS, LBRMGFS 8, i ER& B0 . % TPC 28t 22%E, wajid &
AR A G| AR MR, B AUE G B0 B e A 42 ), 8 LA R AUE S AE o R B R A 8 B AL, A
FLA %A Rk 84 o Ve R S AR S

KW F&; AUEN; AUENR; BAKRA; BARESAIREN; FAFRASY; ARFERBMA
FESES: TS201.1 XHfERIREG: A XEHS: 1007-7561(2022)01-0028-11
W& B ZRE: 2022-01-07 15:42:56

MK &Mk : https:/kns.cnki.net/kems/detail/11.3863.TS.20220107.1315.012.html

Analysis of Key Flavor Componentsin French Friesand
Frying Oil at Different Frying Stages

XU Li-rong, CHANG lJia-rui, MEI Xue, ZHU Chen-fei, WU Gang-cheng,
ZHANG Hui, JIN Qing-zhe, WANG Xing-guol<

(School of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: The flavor is a decisive sensory characteristic that determines the popularity of French fries (FFs).

YR BEHE: 2021-11-09

E4&TH: BFREMBFEAR 2R (JU FSTR20180202 ); JL.IRE BFFT M98 5 SC B AT R (KYCX20 1852); FEZR H K
Fregdiar (3191728 ); VLR ML RRHITAE G RIBIH (20202297)

Supported by: National First-Class Discipline Program of Food Science and Technology (No.JUFSTR20180202); Postgraduate Research

& Practice Innovation Program of Jiangsu Province (No.KYCX20 1852)” National Natural Science Foundation of China
(N0.31901728); Jiangsu Planned Projects for Postdoctoral Research Funds (N0.2020Z297).

EEEIN: HoLoR, 2o, 1991 FFHAE, 1l BT s ililEin TS E 5% 4. E-mail: 15877484825@163.com.
WS TXE, B, 1962 A, B4, B, IR MIEIN T 5% 3% 4, E-mail: wxgl002@qq.com.




E305 2022F £ 18

- ) °®
BB il
c TR;hEnai:l
SCIENCE AND TECHNOLOGY OF GEREALS,01L8 AND FaoDS

During high-oleic rapeseed oil (RO) frying, the flavor development of FFs showed three noticeable stages
including break-in (3%-8.0% of total polar compounds (TPC)), optimum (8.0%-20% of TPC), and degrading
stages (above 22% of TPC). In order to distinguish the key aroma compounds in each stage, the FFs prepared
in RO at TPC of 3% (FF1), 10.5% (FF2), and 27% (FF3) and their relevant oils (RO1, RO2, RO3) were
selected for sensory-directed analysis. The results revealed that the FF1 had low contents of (E,E)-2,4-
decadienal (deep-fried odor) which could be the reason why FF1 samples were rated with low-sensory score.
The FF3 had higher hexanoic acid (sweaty odor), heptanoic acid, nonanoic acid, benzene acetaldehyde (stale
odor), and trans-4,5-Epoxy-(E)-2-decenal (metallic odor) compared with FF1 and FF2, which resulted in
flavor deterioration in FF3. Moreover, the decrease of 2,5-dimethylpyrazine and 2-ethyl-6-methyl-pyrazine in
FF3 induced the lower roast flavor, which may also lead to the decline of the sensory score. Similarly, the
higher portion of (E)-2-undecenal, hexanoic acid, heptanoic acid, and nonanoic acid in RO3 leads to increase
in its rancid score and thus lower the sensory score. When the TPC content exceeded 22%, the peroxidation
of the oil could cause the rancid taste. Therefore, it should be controlled in the later stage of frying. By
understanding the changes of key flavor substances during the frying process, it can be significantly used as a
reference for the development of fried products with the best flavor.

Key words: French fries; frying oil; frying stages; physicochemical; orerall oroma evaluation; aroma-active
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Table2 Changes of acid value, anisidine value and total polar
components of high rapeseed oil at different frying times

FIKERTE)/h FR{H/(mg/g) Ti] 7 N (E B 5%

0.05 0.25+0.03" 3.00+0.23" 3.00+0.329
1 0.30+0.06° 7.00+0.16™ 3.50+0.14°
2 0.42+0.07° 16.00+0.65" 5.00+0.23°
4 0.60+0.05" 67.24+0.84% 8.00+0.36"
6 1.00+0.05™ 70.00+1.03! 8.90+0.16™
8 1.70+0.03' 111.14+2.03 9.60+0.34'
10 2.00£0.06*  121.00+1.01" 10.50+0.45*
12 2.70+0.03'  123.58+2.01" 11.50+0.33
14 3.00+£0.020  128.00+1.068  14.00+0.37'
16 3.14+0.02"  130.78+1.05" 15.60+0.33"
18 3.30+0.03%  132.00+1.33f 18.50+0.46°
20 3.65£0.08"  136.27+1.13°  20.00+0.25
22 3.90+0.08°  138.00+1.33%  22.00+0.23¢
24 4.1040.03¢  142.00+£1.13°  23.00+0.23¢
26 4.50+0.03°  148.63+£1.33%  24.00+0.25°
28 4.70+0.04°*  150.00£1.05°  26.00+0.14°
29 4.80+0.04°  156.18+1.23°  27.00+0.23"

e A FBEESD Fon s [W—3 B A E 75 0 508
TE P<0.05 B B HEZEF.

Note: Values represent the means + SD; Data within the same
column with different letters are significantly different at P < 0.05.
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FIRO3 K S, i KE AR 17 & A Bk s Z1U %, RO2
5 RO1 F1 RO3 # b B A B = il AE SR . 5 RO
F1RO2 FHLEL , RO3 i & B 58 v 1 T SL AR K
A, MW RECT RO3 BYSEM ., £ FF1, FF2 Ail
H R RO1

—e— RO2
--a-- RO3

@

RIS AR

Rk TRk

iSiS
2 RO1, RO2, RO3(a) # FF1, FF2, FF3 (b) MEZEHBEITNER
Fig.2 Sensory evaluation results of French fries of RO1, RO2, RO3(a) and FF1, FF2, FF3(b)

F3 EBEEFTEPASTHESENTN
Table3 Changesin moisture and oil content during
the production of French fries

MOKERFEI/M A ilEA(g/100 g, d. b) T KZ/(g/100 g, w. b.)

AT 0.11£0.01¢ 80.50+0.70°
0.05 30.58+0.7% 59.50+0.58°
2 30.35+0.34° 58.06+0.64
4 29.17+0.92° 65.26+0.24°
6 31.30+0.34° 56.70+0.51°
8 31.10+0.34° 54.26+0.64"
10 30.90£0.34% 52.72+0.348
12 31.10£0.34° 55.67+0.74¢"
14 32.20+1.01% 52.64+0.24¢
18 32.35+1.34% 52.58+0.64¢
22 32.41+0.43° 52.75+0.34¢
26 32.79+0.30° 50.65+0.44"
29 33.14+0.40° 49.65+0.48

F: (HHTVMELSD Fow, 7 —31 tp BA AS R 2B 1) 2
TE P<0.05 A BEHEER,

Note:Values represent the means = SD. Data within the same
column with different letters are significantly different at P < 0.05.

8
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25 ]
27: 20 s X
S |
3 15 i
= *®
10 K
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N WA

8 1012 14 16 18 20 22 24 26 28 30
RiFERIRl/h

1 FRE#RE FERRITE S 5 SR

HEMZEHX R

Fig.1 Therelationship between the flavor scores of different
batches of French fries and the total polar compoundsin the oil
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FF3 FEfh, BBt HbE . RS
BRBLAR OB 3], FF2 B 8 e &S
5y SR, FF3 KRS & A HREUWARNT . PRIEAI
[ GO SRS TES A5 S = TR 17
B PEUT R IT, Y TR R A R STl AN
BRI T Rk, AMGESIE IR . B
PR LR A, T L 3 3 2o 9 /0 B HE 1 A R
24 RO1, RO2, RO3, FF1l, FF2f1 FF3t¥m
RESEELEUNEE

TE 2 T R SR RN S 2k AR S e ) 26 R
34 FEIEEAAY (K 4), BRAONFILTS
SEHTI— IR ARRL, B TR I T AR i i A
Ay 43 FIERTERS Y, RN, Xk
WRAGE P 0 DT R A R, i o o B
%) FD i, —SCiffn ( /. Bl . FIE ). i
i ((E)-2-FMilE . (B)-2-20& 1 . (B)-2-1 —%
M) F1 I ((E,B)-2,4-BERME | (EE)-2,4-T-—
W . (E,Z)-2,4-% ZUI . (E,E)-2,4-% "8
M R -4,5- 5 -(B)-2- B3 ) 2 5 T R SR AT
W ETEE R BRI . hE RN A IR KUK Y ST Rk
i, 45 RO1 M, RO2 Fl RO3 H [ ixX SEE 2y
i FD {EHAHXT R . — 235 FiGHIb &,
BIETR HAE RO3 BES PR, ancu iR . BRRR A
¥R, LA RO3 ¥ FD fH (64) T ROl
FIRO2, PRI, 338357 A B R A e B0 5L
BRI IRIE , JF S5 RO3 B R E 123 o X
FE&, LRI B IR A D
L R A R s e LA o o 1 XU BTk e A
2,5-HISEMEmE (B ). 3-(H B h)-NEE (& =
JRUBR) A 2,5-— 1 k-4 563 (2 H) - K IR ) ( AR XL
B EEAP EAREN FDE (=64 ), 1A,
5 FF1 Al FF2 Aitt, FF3 YR . BERR . PR
MTRREAR R FD (H, MBIk, it
Hh, TR LTEH FD A A58 I ELAG BRI R,
i 2,5- " F LA A 2- 2 5k -6-F 3L FD {8
14 REARK TT B 3 BUSE 1370 BRI
25 BEREMHEUEYHEEMSKFEENITE

FHANBARME T X GC-0-MS %58 1 i iR
SERFIH AN 2% h i B AR SOE YEAL G EAT TE
BT, AT AR oAV, SHAMELEYIL,
(E.E)-2,4-%% Z R Fl e 20-4,5- 4 -(B)-2-28 )@

1 Je H OAVs & s 8m (£ 5), 5 AEDA 1Y
G5 —F, SR, HIKESHA X (EE)-2,4-%%
TR A R R AR RO2, [AIRE,  fE KE R A
MIE, LS RREAR, FEORERR TR, Wt
H—TF SR T sy, @it 2 aldol 466 L, 2,4-
B IREE TR 2-FREAI O Y AN, Bk
A LIZ 5 Mallard S, 3X A g 5L 2,4-%8 I
(R K o (B)-2-28 M | (E,E)-2,4- 58 M 1 (E)-2-
T R SRR I AL A Y, BENTR
A7 B e A AR AR AEDA (S5 SR R
Y FD (H, H T3 SRR I P A AR I
(ECRH XA 1R, DRI O G S g v A AR A T R Y
OAV., THFIfGIIEE, B, COEE. “FREA TR
RIR AR B AL =1, BEAE RUKERTRIAIE R, AT
TE RS AT b 2 TS, P RO3 1Y & &
FI OAV f (5 o 3% SEH00 FI Y I 2 AE 5 & FE T 2 &
HORWRPY, IR TR, AR, R O,
FATDAN 2,4-%8 ZIGm e A, DA BUX SO 1)
BN, pUR S E I RS Y (TR . B
FRRAIT-MR ) (MR OAV 7E RO3 Wy FH:
P AL S, HrP TR OAV fii (34), M,
T =R IR B B AN TR] X DU AR T LA
TR J2 150 YT TR SR AT v 77 £ AR R D 174 G
HFENEY.

BT E TGRS Y B B ARG PR
mEk 6 s, —EFIEEAEY, Fa, 3-H
WALV, 2-238-3,5- " HIJEmE g, 2,5- 1 Jk-4-
FRIL-3(2H)-MEMRER , R 2R 2-F L TR R O
PIAER N =Y, E = A AR TP A R R
Hl OAV fH ., XEALE Y = & &5 e s m)
g 322231 Hoh | 5 FF1 M1 FF2 AL, FF3
TR MR BE AL OAV e o 7K LS EARVR
HA —EWNHE AR, (BAER SR T 4 T RRIH/
AEHRES, XTI T FF3 PRYBRIE Sk .
Zamora ZEPTHEAT BORFSEHGE T AR (2,4-2%
TURIE . A5- ISR IEIE ) B AR AR TR R
N AR AN Y Strecker [, BEIZK 2,
U, FRATATRAED, XS A T e 5 5 00
LR CEE A . AL, YT EER AR AL, FF2
H BLAT BRAEI AR SR Y (ELE)-2,4-58 R IR
MITARAS T 85 P IRE P . M (Ol ¢

34
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BEAILRE ) MR OAV Fi

FOERS R A BN S AR DT IR . BkSh, FF3 Ay feat-4,5-

WA, FF3 5 FF1 1 FE2 AH L, 15 S0if S 1 e
BEF OAV i . BT TR vk BE v RE 330 FF3 B

WA -(B)-2- 2 I R LI B e, 320 FF3
FHAEZ RN AL, 1E FF3 F Ol

® 4 BEMAUERIERELSWHSKTEK
Table4 Odor contribution of volatile compounds of French fries and frying oil

No. i IR D ok ik gk
8 RO1 RO2 RO3 FFl FF2 FF3

1 2-FEETRE 831 ND ND ND 16 16 16 ZFEHm) MS, RI, odor, S
2 O 1087 4 16 64 0 4 4 BERE MS, RI, odor, S
3 B 1182 4 16 64 4 4 4 MG, BF MS, RI, odor, S
4 2-JRHEIE 1235 16 16 16 0 4 4 HEh, ORBR. &E MS, RI, odor, S
5 R 1291 16 64 64 4 16 16 ik MS, RI, odor, S
6 1-FHE-3-m 1304 ND 4 4 0 0 0 BEEIK MS, RI, odor, S
7 (E)-2-BiliE 1323 4 16 16 4 4 4 bk, ek, Rk MS, RI, odor, S
8 2,5- I HLnp 1340 ND ND ND 64 64 16 7&K, #, MS, RI, odor, S
9 2-Z.F:-6-H LNtk 1372 ND ND ND 4 4 0 ZEKWR, K&, G MS, RI, odor, S
10 TR 1395 4 4 4 4 4 MHE. R EE MS, RI, odor, S
11 2-2.3k-3-H I np s 1402 ND ND ND 4 4 4 B, fite MS, RI, odor, S
12 (E)-2-F I 1426 16 64 64 4 16 4 g, g MS, RI, odor, S
13 3-23-2,5- " H E-n s 1430 ND ND ND 16 16 16 WRREH, #F MS, odor, S
14 2-2.3E-3,5- " HI3E-nip gk 1436 ND ND ND 4 4 4 IR, BE MS, RI, odor, S
15 3-(HHikL)- i 1454 ND ND ND 256 256 256 #-14 MS, RI, odor, S
16  (E, E)-2,4-5F — 1R 1490 4 64 64 4 4 0 fRME, WA, WK, R  MS,RI odor, S
17 S 1497 0 4 4 0 0 0 JEWi, H#E, a6 MS, RI, odor, S
18 3-T-Hi-2-El 1508 4 4 4 0 0 0 Hf, Rk MS, RI, odor, S
19 ZRPEE 1518 4 4 4 4 16 16 & RE. AFKF MS, RI, odor, S
20 (BE)-2-T-4iE 1531 16 64 64 0 0 4 Jetwk MS, RI, odor, S
21 1R 1559 64 64 64 4 16 16 JfgWi, &, &6 MS, RI, odor, S
22 ROEE 1643 16 64 64 64 256 256 MEhE BRIBMET MS, RI, odor, S
23 (E)-2-Z$JifE 1654 16 64 64 0 4 4 JIBWE, R, deimek MS, RI, odor, S
24 (E, E)-2,4-T- /s 1778 4 64 64 64 64 64 JIgWH, LR, WEBK MS, R, odor, S
25 (B)-2-t— /i 1861 4 64 64 64 64 64 JEW, o, MS, RI, odor, S
26 (E, Z)-2,4-%% "Wl 182 4 256 64 64 64 64 A, MR MS, RI, odor, S
27 (E, E)-2,4-%% " Ji 2001 256 256 256 64 64 64 MM MS, RI, odor, S
28 R 2050 0 0 4 0 0 16 FEIE MS, RI, odor, S
29 BRI 2130 0 0 4 0 0 16 R MS, RI, odor, S
30 i -4,5-FF 4 -(E)-2- 28 i 2182 4 16 16 64 64 64 HEK MS, R, odor, S
31 JRX-4,5-3 5 -(B)-2-2 Sk 2197 256 256 256 256 256 256 4@ MS, RI, odor, S
32 25-THI R4 B 32H)-WEMEEY 2214 ND O ND  ND 256 256 256 fEAEBR MS, RI, odor, S
33 ¥R 2264 0 0 4 0 0 4 TFRR, BERT, WP, R MS,RI, odor, S
34 T 2370 4 4 64 0 4 16 K. R, & MS, RI, odor, S

FD [N FJ&i# i3 AEDA (L7E B4 DB-WAX @ilfh: LR ¢AWR TR EE GC-0 /&, °MS, m NIST 14 ik s 4 % 25 RI,

e NoARMEARZAEBANE DB-WAX LR BIREGELH S . 1] DB-WAX B EH: L 19— R 5 IEA Be kil 52 £R B4R 4L

c

HSCERT A IR B R AR, SR A B URRHIE— 2 S, f4% MS, RIARRHETE AR 430 S8 SR e I S 80— B

ND:

characteristics agreed with those of the injected authentic chemicals. ND: not detected.

AR H

Note: *Odorants were consecutively numbered according to their retention indices on capillary DB-WAX. *RIs were determined using a
homologous series of n-alkanes on DB-WAX capillary columns; °FD factor was determined by AEDA on a capillary DB-WAX column; ‘Odor
quality was detected by GC-O; °MS, identified by NIST 14 mass spectral database; RI, agreed with the retention indices published in
literature; odor, agreed with the odor characteristics published in literature; S, the analytical parameters including MS, RI, and odor
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Table5 Concentrationsand odor activity values of aroma-active compoundsin frying oil samples
a N Sot fde &5 R
AU @f "*[(‘Ljiﬂg%/ ROIE i/éig/kim R01JXLT?@R03 ETmz)  ERE R
CL 1087 120 1864 4390 5768 16 37 48  44,56,41 y=2.279 5x+0.017 00.996 9
BRI 1182 250 987 3682 4509 4 15 18 70,5544 y=1.5847x+0.01080.999 6
2-J36 B 1k il 1235 100 1016 3843 4045 10 38 40 81,53,82 y=2.5242x+0.02040.992 4
F 1291 56 4663 11864 14420 83 212 257  41,57,84 y=0.916 9x+0.009 8 0.999 0
(E)-2- B4t 1323 50 1289 2022 1827 26 40 37 41,55,83 y=2.878 6x-0.008 7 0.996 9
R 1395 150 16097 24191 25249 107 161 168  41,57,70 y=1.520 9x+0.142 8 0.996 1
(E)-2-F I Tt 1426 120 3650 9329 9764 30 78 81  41,55,70 y=1.5842x-0.0055 0.995 1
(E,E)-2,4-B¢ )i is 1490 360 6573 9837 7146 18 27 20 81,110,53 y=6.269 0x+0.046 0 0.992 1
B 1497 650 3106 3487 3685 5 5 6 41,43,57 y=1.4268x-0.002 6 0.992 3
3-J i -2- il 1508 250 4 505 547 <l 2 2 55,43, 125 y=7.5102x+0.097 50.999 4
o 1518 60 10 84 91 <1 1 2 77,106,510 y=24.889x+0.044 6 0.9953
(B)-2-T- It 1531 150 1901 10111 10184 13 67 68  41,55,70 y=1.6518x+0.07570.993 3
-9 1559 27 848 1267 1326 31 47 49 56,41,69 y=3.449 5x+0.01200.998 1
KT 1643 22 77 448 77 4 20 4 91,120, 65 y=1.672 8x+0.012 6 0.996 1
(B)-2-B& I s 1654 1610 43170 62 826 65441 27 39 41 41,70,55 y=1.1368x-0.03120.9919
(E,E)-2,4-T )it 1778 30 24 895 1232 1 30 41 81,41,67 y=>56.601x+0.3420 0.997 1
(E)-2-+—Ji s 1861 3200 5902 66981 56609 2 21 18 41,70,55 y=2.4514x-0.03500.990 6
(E,E)-2,4-%% s 2001 66 15359 40 868 32206 233 619 488  81,41,67 y=2.5257x-0.1092 0.994 2
LR 2050 460 85 1426 3471 <I 3 8 60,73,41 y=1.6959x+0.642 3 0.991 2
BRIR 2130 100 113 797 1449 1 8 14 60,73,87 y=4.6576x+0.148 60.976 4
2 3X-4,5- 748 ~(E)-2-3 I 2 197 25 620 5180 3394 25 207 136 68,41,55 y=1.014 1x+0.088 6 0.978 8
FIR 2264 3000 373 665 979 <l <1 <1  60,73,43 y=2.848 1x+0.311 6 0.999 4
T 2370 50 403 1618 1692 8 32 34 60,73,41 y=2.968 5x+0.343 6 0.999 6

e “ffiH DB-WAX BN EH— R F0IE A ek E M B 1850 il P SR (pe/kg) R HZ% Xk van Gemert!', ©
E PSS e BE ¢ 3 S e BE IR DASUR R T3 OAV, TR WA B 7, T8t y EAHR TR 1,2- Z&URMIEE R, x
SEAHXS T AR 1,2- ORI BRI AL B P vk B . e BV RS RN R, ND . SRAGI R

Note: “RIs were determined using a homologous series of n-alkanes on DB-WAX capillary columns. "Odor thresholds were from
reference (van Gemert, 2011). “The average concentration of sample. ‘OAVs were calculated by dividing the concentrations by the odor

thresholds. “Monitored ions used for quantitation. ‘Variables: y is the peak area relative to that of the internal standard, 1,2-dichlorobenzene,
and x is the concentration (ug/g) in the frying oil sample relative to that of the internal standard, 1,2-dichlorobenzene. *R* of Calibration

equations for frying oil. ND: not detected.

Bz (¥4 R ER O ) W L FF1 A1 FF2 &,
1M FE3 Wi LR R B0 H i = 19 OAV ( OAV=124 ),
X5 AEDA (25 R E—3y, Wik, X k-
F-FET FF3 BRI . #8110, AEDA Fl OAV %5
RAE(B)-2-+—H Al 2,5- — H Kk ki JLFh ) o
A2, BRI ESE R FD K FE(64),
B OAV #A% ., MeAoh, 2-2.3E-3,5- " HIEnkms | O
T FRAEZ 4T ) FD (HAK( <16 ), OAV 3 .

3 #Hig
T SE = SRR A R, AR
IREY R AT T = AR B (5%, &k,

BEfR o TESE—RIVERY B (R MELL > & 3.0%~
8.0% ) ', ERMNBEAGE N, T—HME (&
Wb 4> B 8.0%~20% ) D) 3¢ B H 45 s 1) XUk
P, wEB B (R Ed s SRS T 22%)
DRI 43 1) W] 4232 BE B TR AR . o0 T RCE B4y
BHr B, RO3 Fl FF3 4 AP Rk = 20k
BEHr- AR, Ok, BFRMTR, i,
AR (BeAR ) FORCEE (BRIEAR )
(3G s AT BB R BURAR M BV E 4. Bk, Rk
ORI KESAE , 200 ] b o DR 7 S R B B
P, JEBR SRR T A
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Table6 Concentrationsand odor activity values of aroma-active compoundsin French fries
UK HE R CRE iy AReke)  RERE o e R
8 (ng/kg)  FF1 FF2 FF3 FFI  FF2  FF3
2-FHHE TR 858 13 106 6798 5966 8 523 459 41,29,57 y=57.1x+7.785 0.992 0
L 1087 120 1418 2867 3109 12 24 26 44,56,41 y=0.0317x-0.066 8 0.997 4
B 1182 250 29 33 29 <1 <l <1 70,5544 y=0.1524x-0.0422 0.9919
213G LK 1235 100 362 2279 3655 4 23 37  81,53,82 y=1759x+0.0077 0.997 3
g 1291 56 962 1320 1750 17 24 31 41,57,84 y=0.1247x-0.066 6 0.991 3
(B)-2- BRIt 1323 50 20 374 237 <1 7 5 41,55,83 y=0.059 2x+0.037 6 0.9919
2,5- H Jk ik g 1340 2600 7762 6112 8249 3 2 3 42,108,39 y=0.0652x+0.0052 0.998 2
2,6 H Jk ik g 1340 1021 743 816 816 1 1 1 42,108,39 y=0.0652x+0.0052 0.998 2
2-2, FE-5-F Lk 1372 40 9 0 5 <1 <1 <l 121,40,94 y=0.6954x+0.0054 0.999 5
2-Z.%-6-H St i 1372 40 367 77 360 9 2 9 121,40,94 y=0.6954x+0.0054 0.999 5
T 1395 150 318 1142 1682 2 8 11 41,57,70 y=0.3575x-0.117 8 0.995 5
2-Z.5E-3-H Lk 1402 500 227 175 62 <1 <1 <1 121,67,80 y=0.0411x-0.003 8 0.994 9
(E)-2-3F fs i 1426 120 244 129 256 2 1 2 41,55,70 y=0.273x-0.0041 0.997 1
2-2,3-3,5- " Fh-np ik 1436 3 140 296 161 47 99 54 135,56,39 y=0.0529x+0.0113 0.996 5
3-(H R EL)- TN 1454  0.52 95 97 99 182 186 190 48,104,76 y=0.0043x-0.0121 0.9927
(E,E)-2,4-BF Il 1490 360 829 1004 766 2 3 2 81,110,53 y=0.4017x-0.001 2 0.9955
L 1497 650 23 74 226 <1 <1 <1 41,43,57 y=0.85x+0.029 0.992 9
3-T M2 1508 250 8 12 34 <1 <1 <1 55,43,125 y=1.0512x+0.0272 0.995 4
A 1518 60 14 128 346 <1 2 6 77,106,51 y=1.0629x+0.0012 0.995 3
(B)- 2- T 1531 150 94 542 697 1 4 5 41,55,70 y=0.563 5x+0.027 0.9953
-3 1559 27 162 202 241 6 7 9  56,41,69 y=0.2019x-0.0397 0.998 7
KO 1643 22 855 1572 1847 38 71 84 91,120,65 y=0.0526x-0.0104 0.994 3
(2)-2-B8 sttt 1654 1610 2131 5930 6085 1 4 4 41,70,55 y=0.8195x-0.0192 0.996 9
(E, E)-2,4-T J#TE 1778 30 7 57 94 <l 2 3 81,41,67 y=1.1595x+0.0139 0.993 9
(B)-2-+—JimE 1861 3200 36968 7620 <l 2 2 41,70,55 y=2.4514x-0.035 0.9906
(E,B)-2,4-%% —Fii [ 2001 66 2433 8866 4363 37 134 66 81,41,67 y=1.5479x-0.0091 0.998 4
C i 2050 460 124 175 319 <1 <l 1 60,73,41 y=0.021 7x+0.007 8 0.991 0
BEAR 2130 100 10 40 50 <1 <1 <1 60,73,87 y=0.0421x+0.2128 0.9910
R 3-4,5- - (B)-2- 3 Ml 2197 25 432 2181 2445 17 87 98  68,41,55 y=0.046x+0.0131 0.9979
2,5- "I R4 B2 32H)-WRIEED 2214 274 3972 2968 2184 145 108 80 43,57,128 y=0.0023x+0.010 6 0.999 0
¥R 2264 3000 3598 6121 9611 1 2 3 60,73,43 y=0.059 6x-0.0105 0.993 8
TR 2370 50 1596 5158 6183 32 103 124 60,73,41 y=0.0368x+0.2112 0.981 3

e *JH DB-WAX BAFEEE 19— R IE keI (BT HC o R B ne/ke ) K F17% SCHK van Gemert ™), *Ff i
T RHIE . SRR IE R LR RIS OAV. TS IO UEIES To "8 s y RLMIA T 10h 1.2- SRR AL, x R

ORI TR 1,2- CHURRIREE . ¢ BAAROME LI R ND: R A E]

Note: “RIs were determined using a homologous series of n-alkanes on DB-WAX capillary columns. *Odor thresholds in oil (ug/kg) and
¢odor thresholds in water (ug/L) were from reference (van Gemert, 2011) .“The average concentration of sample. “OAVs were calculated by

dividing the concentrations by the odor thresholds. "Monitored ions used for quantitation. £Variables: y is the peak area relative to that of the

internal standard, 1,2-dichlorobenzene, and x is the concentration (ug/g) in the French fries sample relative to that of the internal standard,

1,2- dichlorobenzene. "R? of Calibration equations for French fries. ND: not detected.

g XIUTAERE T EEE MR R—
ZeFAHT R (JU FSTR20180202 ), VLA 584
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SRBE A (3191728 ), VLA ML GBI 4
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