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Abstract: In order to explore the quality of frying oils under the condition of western fast food restaurants and establish a
quality evaluation system of frying oils, 11 physical and chemical quality indexes of five common frying oils (soybean oil,
rapeseed oil, sunflower oil, palm oil and rice bran oil) during simulating the conditions of western fast food restaurants for
frying French fries at 170 °C for 7 days were detected. At the same time, the frying performance of five frying oils was
comprehensively evaluated by principal component analysis (PCA), and the quality evaluation model of frying oils was
established. The results showed that acid value, total polar component, carbonyl group value, anisidine value, total
oxidation value and color increased significantly (P<0.05) after the frying period, while the total vitamin E content and
oxidative stability index decreased significantly (P<0.05). Correlation analysis indicated that anisidine value, total oxidation
value and carbonyl group value were significantly positively correlated with each other (+=0.877~0.997, P<0.05), while
color was significantly positively related to acid value (+=0.822, P<0.01). lodine value was significantly negatively
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correlated to oxidative stability index (r=—0.846, P<0.01), while significantly positively related to the ratio of C18:2/C16:0

(=0.833, P<0.01). Three comprehensive indexes were extracted by PCA, with an accumulative contribution rate of

84.115%, reflecting most of the information of the original indexes, and the comprehensive quality evaluation model of
frying oils was established as F=0.405F+0.295F,+0.141F;. According to the model, palm oil had the highest
comprehensive score, indicating the best frying performance among the five frying oils. These findings can provide a

reference for the quality evaluation and quality control of frying oil under the conditions of western fast food restaurants.
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SEUOY BT, X RIURETIARE S RSB SR TR EA L
Ab R, {1 AR PR PP BB AR R B 2, IR
IE— Y GeTt o b . XFRTKEN 11 DB FE AR IES T
TSR, SRR 2. E 4,

4 Sk E S S B R EAE R A 1, AT R A 2
BAEFSTEG BT LR A =P8, iR =
AT . FEIR Kaiser FUIUMY, $2ECH FRAE(E A>1

1 FUEMAS BAL SR AR AR SCE Hr

Table 1 Correlation analysis of the physicochemical indexes determined in five frying oils
iR =g AV PV p-AV TOTOX v CGV TPC 0sI JLRES Vi C18:2/C16:0
AV 1 - - - - - - - - - -
PV 0.007 1 - - - - - - - - -
p-AV 0.3547 0.297" 1 - - - - - - - -
TOTOX 0.343" 0.374" 0997 1 - - - - _ _ _
v -0.229 0.197 0.354" 03617 1 - _ - _ _ _
CGV 0.533" 0458 0877 0.89" 0.362 1 - - - - -
TPC 0.368" 0.134 0.471" 0.469™ 0.338" 0.633™ 1 - - - -
0sI -0.057 -0.311  -0.512"  —0.524"  -0.846"  -0.599"  —0.55" 1 - - -
Rz 0.822"  -0.158 0.209 0.188 -0.454" 0392  0.542" 0.093 1 - -
Vi -0.374"  —0.202 -0.165 —0.177 0.503" —0.204 0427  -0.301° -0.233 1 -
C18:2/C16:0  —0.363"  0.385" 0.09 0.121 0.833" 0.123 0.055 -0.662"  -0.626" 0325 1
T ORI A, P<0.01; *3R M, P<0.05,
2 FHEE L 2SR PR
Table 2 Characteristic values and contribution rates of principal components
N WILRFHE(E 7 22 PEBOT- 5 Fgk AT 22
FEEE 75 25 SRR (%) FITTEkE (%) FHIE(E 5 BT (%) SRR (%)
PCI 4.454 40.493 40.493 4.454 40.493 40.493
PC2 3.244 29.495 69.988 3.244 29.495 69.988
PC3 1.554 14.127 84.115 1.554 14.127 84.115
PC4 0.75 6.817 90.932
PC5 0.587 5.335 96.267
PC6 0.199 1.846 98.078
PC7 0.109 0.995 99.073
PC8 0.072 0.658 99.731
PC9 0.017 0.156 99.887
PC10 0.012 0.113 100.000
PCI11 1.96E-05 0.000 100.000
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Fig.4 Scree plot of principal component analysis

AT AT S M AR T A PP R AR T
AT AT AV E R 7 T8 5 KN, FEAE F2 45 Hh 3R e (B
HSHERT 0.5 BT G L & HEFE AR, A
XK3IME 5HAETLIEH, PC1 LA T p-AV.,
TOTOX. CGV. TPC Hl OSI H1F8FR, 77 25 BTk R
M 40.493%, p-AV. TOTOX. CGV #1 TPC 7£ PCl
TEJ5 A, OSIAE PC1 a5 1], ¥ p-AV., TOTOX.
CGV #i1 TPC 5 PC1 £2IEAHZK, OSI 5 PC1 £ 11 #H
3. Hib p-AV, TOTOX. CGV TE PC1 H 1R {H
B/ (0.866~0.931), XF PC1 FEMARE A, ik PC1 FE
ST RUKE A AR A AT E B PC2 LR G
T AV, IV, i (Color) il C18:2/C16:0 PU~F5 45,
J7 22 TR Ty 29.495%, AV A FAE PC2 1EJ7 4],
IV 1 C18:2/C16:0 1 PC2 1 J7 [, BiHH AV Fl{a %
5 pC2 BIEAESE, IV #il C18:2/C16:0 5 PC2 £ A
%, HAEPETE PC2 H Y4k a7 (H (0.866) f K, X

F 3 FOKEN R TR B AR

Table 3 Rotated component matrix of principal component

analysis of frying oils
B FRGHEF

PN TEER
PCI PC2 PC3
AV (X)) 0.370 0.766 0.122
PV (X,) 0.458 -0.140 -0.557
p-AV (X;) 0.866 0.216 -0.198
TOTOX (X,) 0.880 0.196 —0.240
IV (X5) 0.620 -0.721 0.141
CGV (X,) 0.931 0.289 -0.123
TPC (X;) 0.700 0.154 0.604
OSI (Xg) -0.807 0.417 —0.151
wE (Xy) 0.206 0.866 0.387
Vi (X)) 0.061 -0.570 0.736
C18:2/C16:0 (X,,) 0.382 —0.824 —0.132

PC2 FEMi4e A, i PC2 F2 22 J W T KT i (e (5
B PC3 ELES T PV Al Vi I8 4R, Jr 22 51wk
A 14.127%, Vi 1€ PC3 1IEJ5H, PV £E PC3 iy,
YL Vi 5 PC3 RIEASE, PV 5 PC3 £, H
i, Vi 7E PC3 HIl#EMmr{E (0.736) fok, Hoxt PC3 52
M AR, W PC3 F 2 S e T BT ) N IERE Vi (5
B BT PC1 il PC2 1) R JT 22 DTk 4(69.988%)
KT 50%, AJIAH p-AV, TOTOX. CGV. OSI.
1 C18:2/C16:0 JERUXEVHAYRMEFS bR, AN, FIKEN
KRGS B AR AE 3 A 8524, Kk,
T 3 A AT RIKEAVERTZE 400 X158 3 11
3 4 BEL e 5 1 4 0 B R EA T AR HE AR AR, 45 5]

3 A EBSARIIRRUEAL R BSOS, S5 L3 4.

1.0 - Cé)lor AV
osI o
0.5 o
CAVR.
Sy TPC p-AXBTOTOX
e}
ey
705 -
Vid v
-1.0 - C18:2/C16:0
1.0 ~05 710
05 050
05 10 10"
PC] v

B s B BTN HE ARG 32 2 1]
Fig.5 Principal component loading plot of quality evaluation
indexes of frying oils
K4 FUEM IO R EOERE

Table 4 Scoring coefficient matrix of principal component

analysis of frying oils
ST

TR
PC1 PC2 PC3
AV (X)) 0.175 0.425 0.098
PV (X,) 0.217 -0.078 —0.447
p-AV (X;) 0.410 0.120 -0.159
TOTOX (X,) 0.417 0.109 -0.193
vV (X5) 0.294 —0.400 0.113
CGV (Xg) 0.441 0.160 ~0.099
TPC (X,) 0.332 0.086 0.485
OSI (Xy) ~0.382 0.232 -0.121
% (Xy) 0.098 0.481 0.310
Vi (Xy) 0.029 -0316 0.590
C18:2/C16:0 (X,,) 0.181 -0.457 -0.106

MR 4 A A TR sr 5 RUET G BT PP S
R E TR AT

F,=0.175X,+0.217X,+0.410X,+0.417X,+0.294
X+0.441X+0.332X,—0.382X+0.098X,+0.029X o+
0.181X,,

F,=0.425X,-0.078X,+0.120X,+0.109X,~0.400
X +0.160X+0.086X,+0.232X+0.481X,—0.316X o~
0.457X,,
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F,=0.098X,-0.447X,—0.159X,—0.193X,+0.113
X5—0.099X +0.485X,—0.121X+0.310X+0.590X , —
0.106X,

LA 3 A 2 o Xoh N 4y 25 TTRRR AR, F4h
G FRGTHE TR, TR R R EERR LR &
PS5 Fo

F=0.405F +0.295F,+0.141F,

ARYE SR, A 5 AP RIKEN A =
BATAFIHE . LA HEITF T (W 5) . LL PCL.
PC2 MIZEE TN RIS SE (F,, Fy) L] 5 FPRITKE
HERIVELFE 1) PCA 154557 (WNE 6), B E AR
[FIABRIC 2R AN [FIFR IS A BILRE M, Fric Shnical e
BRI RK A A 22 AR . K 6 RIS
WBE_XF 5 FPRTMEIMAERTEMERE 25 5 2E 71X 5y
CAZE BRI RrksiEah . R kam . S8kl . R
FNZELENFIM), PCL KGRI KERR S M W 4 (RE X £ )7 1))
BAFRE VI 5 A 4 Rl A B ok, g5 &K 6 FnEE 5
T, BTSSR, DA R E M RE ey, i ST
JE B T AR T A2 — FE 4 B p-AV., TOTOX.,
CGV } TPC A= B R4 /)N, OSI K. PC2 Al LITE
AT b X S04 A RIKE [ B, B BIKERS [R] R RE K, 5
FOKETMAE 1 21543 43 A 2 B0 1 A 2 J7 (ED
PC1. PC2 [ 1EJ7 [0]) F% 5h, 1hd BH B B KR B[R] (4 SE
FFRRTKENR B R WINTR, A BRI YR |
P SR A A A )G B G 22, RUKE IR Sl S
B%. X5 Waghmare 55 iR Y RIXE 9 PCA 15
4y W2 REKE R BB I Bl b T R4 SR, 55
A1, Zribi S 1, 2 B TR SRR Ok TIABORE e /A A
T EVE RN AE T A PR A S R B H S A RITKETERE,
H PCA 135 & .

0-7¢

N W R~ W
R R SR

@ RBO-6
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Fig.6 PC1 and PC2 scores of frying oil samples during
different frying time

3 g

AL T PCA FHEET 5 Pl IRTKET (R E
T SRATIM . SEACKTIM . ARl B RE A ) 7E P 2P
BERIVESAT T RUEMERE Y 22 520, 3R S PR 4
F . SRR, BUKERRINSS RS, 5 AR S Y

K5 OAFFNEMAUEEREITF S 6 DL
Table 5 Frying performance evaluation scores of different
frying oils during frying

FikEih F, F, F, F He44
PO-0 —6.410 0.483 —0.341 -2.502 1
PO-1 -3.785 0.698 -1.134 -1.487 5
PO-2 -2.720 1.081 -1.301 -0.966 7
PO-3 —2.487 1.511 -1.277 —0.741 9
PO-4 -2.160 2.062 -1.143 -0.427 12
PO-5 -1.920 2.373 -0.970 —0.214 14
PO-6 -1.773 2.961 —0.634 0.066 18
PO-7 -1.626 3.648 —0.300 0.375 24

RBO-0 -1.854 ~1.564 1.682 -0.975 6

RBO-1 -0.701 -0.430 2.062 -0.120 16

RBO-2 0.077 0.193 1.672 0.324 22

RBO-3 0.271 0.491 1.608 0.481 25

RBO-4 0.857 1.082 1.541 0.884 33

RBO-5 1.184 1.594 1.578 1.172 37

RBO-6 1.041 1.961 1.866 1.263 38

RBO-7 1.280 2.681 2.223 1.623 40

RSO-0 -2.961 —2.635 -0.236 -2.010 3

RSO-1 -1.001 ~1.496 —0.535 -0.922 8

RSO-2 —0.072 —0.844 —0.893 —0.404 13

RSO-3 0.572 -0.092 —0.780 0.094 19

RSO-4 0.794 0.384 —0.649 0.343 23

RSO-5 1.114 0.716 —0.600 0.578 28

RSO-6 1.288 1.224 -0.506 0.812 31

RSO-7 0.748 1.609 0.224 0.809 30

SBO-0 —2.847 -3.728 1.967 -1.975 4

SBO-1 —0.155 —2.465 0.961 —0.654 10

SBO-2 0.785 -1.783 0.551 -0.130 15

SBO-3 1.291 —1.244 0.488 0.224 20

SBO-4 1.666 -0.730 0.548 0.537 26

SBO-5 1.956 -0.215 0.594 0.812 32

SBO-6 1.885 0.097 0.794 0.904 34

SBO-7 1.569 0.617 1.264 0.996 35

SFO-0 -1.887 -4.333 -0.201 -2.071 2

SFO-1 0.774 -2.436 -0.959 —0.540 11

SFO-2 1.518 -1.861 -1.273 —0.114 17

SFO-3 2.507 -1.486 —2.424 0.235 21

SFO-4 2.680 —0.851 -1.893 0.568 27

SFO-5 2.532 -0.380 -1.225 0.741 29

SFO-6 2.978 0.242 -1.323 1.091 36

SFO-7 2.992 0.867 -1.026 1.323 39

F: PO: #5AI0; RBO: FEKil; RSO: SEFFiH; SBO: K i iH; SFO: ZE4EFF
i1; Kl6[F]; PO-0~PO-743 5|37 RIUKE0~7 df bzt ALY

B R, Hob, AV, TPC., CGV. p-AV, TOTOX FlI
{3 2 T (P<0.05), 11 Vi Fl1 OSI i 35 F#R (P<
0.05) . AHSCH:A T & B BRALFE bR IFIAFAE —E I AH

Fettk, Hoitp CGV. p-AV. TOTOX PH 2 a4 i 3
F(P<0.05), 455 AV, IV 5 OSI 1 C18:2/C16:0
Py R AR S (P<0.01) . R PCA $2EUE 3 4
LRGPV dE bR, BRITTTHRAIA 84.115%, A £RG X

BRI S S5 R, A R T R EMERE 2R 5

Hr 15 43 A5 7% F=0.405F ,+0.295F,+0.141F,, H: 1, p-
AV, TOTOX, CGV, OSI, a1 C18:2/C16:0 /&TF
A RTKEIM BT EPERR PIAZ.OoFE bR . ERSGTTs7 615

G33RH, AE 5 FRRTEETH A, ARV oy, AR
MIRTKENERE . ASBFSE AT N PU RS Tl X B KE T &

BT IR MEISIRIE 557 . 249K, RREPEREL HU&
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