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Evaluation on the frying performance of 2 catering edible oils based on
principal component analysis
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ABSTRACT: Objective To establish the evaluation system of frying performance of catering oil, analyze the
differences of frying performance of 2 kinds of common catering oils (catering blended oil A and catering blended oil
B), and assess the frying quality of catering edible oils comprehensively. Methods An experiment of frying French
fries was conducted by simulating the actual frying conditions of western fast food. Ten quality indexes of catering
edible oils during frying were investigated and principal component analysis (PCA) was used to comprehensively
evaluate that fry performance of 2 restaurant oils during frying. Results Different quality parameters of catering
edible oils were partly correlative. For PCA, 10 quality indexes of catering edible oils were reduced to be 2
aggregative indicators, with a cumulative contribution rate of 87.920%, reflecting most information of the quality
characteristics of catering edible oil, and the comprehensive quality evaluation model of frying oils was established as

¥=0.5396Y,+0.3396Y,. According to the model, catering blended oil A had a higher score, suggesting a better frying
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performance compared to catering blended oil B. Conclusion The established quality evaluation system of catering

edible oil during frying provides references for the identification and quality control of frying oil.

KEY WORDS: catering edible oil; frying; frying stability; principal component analysis
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AR A0 AR N A B € R 1 I e T2 AT ),
TR E SR 255 B 1L%). i
ARk, BEE AT MM, P PVR DU PaE . A
TR FERIR R, H 252 B0 S8 0w bk . (HahME A2 Y
b, B R SO R K s R A — R A TR AR R,
BRI B A T 778, RORFRARRUEE M & R, 2
M 3R £ 0 0 8 AN 28 A ELOL IR, PR R R R I
B BAR ML, T8 TR A DL ORIE T 2% & & O (R B A5
WL PR AR h s b B R bR 2, N
6. WY, P AT, SR, e AR
TUKEIH A S BTN RE AR f] — D Ta bR S s R B, Bk, EA
HhEE IR A AR PR BET TR, DAZRG PPN AT
FEIH A 5

F 4343 BT (principal component analysis, PCA)J&—
3 o B AR 2 B s Z AR AR AL R D s 2R G 4R AR, LSS
BEA Z I 1 22 52 RORI L I Z2 o0 gt kUt ek,
PCA TEA BT AL 5 SO #GR, 2 T REfil
R i o 4 SR IR g L R B R 45
PCA #E57 T Al Pk B 51 A R RE i ARSI e 4 2019
WHFE T 3 b R R BRI B SR B, JRRI PCA EEr
T R A A I R P PEAG IR R . VR AR Y S U OIN H PCA
X T AR 7 1l 58 TRE I T PR Ay, SR IR Y B R
5T e FF BRI RR AL T B R A . SR, 2T PCA AT
PPN R T ¥l 78 TG =X PR b 4 2 R T T 2 R 1 BF T i
A HRE

AR LR E T F R R E R R A
FVE IR BYYE R RTKEM, ARl s i 4k 2%
P, XPAE MM R AR A 10 T BT Ak
155347, IR PCA XA LR ATMAE I KE 2L 2 Hh Y R VEVE AR
BEFTERA VAN, DI AR K08 2% 8 X ROKE Il b BT PP AR
IS A T P A 2

1 MR5ERE

1.1 M RFIS5EE
BRI A L BRI BOE SR, TN
PUAEH); VR AR (N S T T 20l A B A H))
HIEE . IEPEkE . Srbi(@igal) ., SA . mma
BN JOKEREREN . BACEREREN . SNEE. B, Ak

FHIERCT 2k . =& e, KO . p-m B PTat,
T 2G5 AL 2 iR A BR A D); - y- o 6-LE B bl it (4
& =99%, Z£[# Supelco analytical A F]); JR-EFRIEE K (a-
HEFEARRES . o-. B-. y-. O-LETE SIREARIE ) (LI =
99%, hAe VU ARIE A A,

OFE-28A TR ki 4t (| o — 252 LB PR 7)),
Agilent 6890 A AL (SEE Agilent A F]); TU-1930 %4h
SRR HT A R, W201 TE IR K V8 (i R
Y AR A PR 7]); MODEL-F % 4 A Fb 4,3+ & Lovibond
AR, BSA224S BRI FRV[FEE 0.1 mg, FEZH|H
(HYH B HBRAF .

1.2 XWHE
12,1 i

WEEE S % HU P05k, BT i g
FRB)A 13 LUK, N 170°C, #5200 g BB
POl e 3 min SRR, B/NTLE SHE, BRAE 120, ELE
TMKE S do BRMKE 6 h Sl IE—K, UEIMJE WS B B 25
URZIELAL . B IIMKESE RS, FRlR A, FRE @RI
JHEE 250 mL, A F-20°CUkA, ftik—20Hr.

1.2.2 JE i BREE AR 69 ) 5T

FUKE M AS 5 2 21 A (fatty acid composition, FAC)HYJM]
EZ M AOCS Kl J7 i Ce 1£-96 { Determination of cis- and
trans- fatty acids in hydrogenated and refined oils and fats
by capillary GLC) & SCHA[17], ¥imAEH gfb)m, FHSAH
R P FAC, SRR DLSsiANER, |
1.3 mL/min, # F AR 43 31 E R 160.250°C,
P I 160°CHERAF T R4 5 min, FfLA 10°C/min Tt
MRF] 220°C, HAMZESFME 35, 375 mL/min, R
50:1, dEFEEA 1 ul,

1.2.3  aJf b2 o AU i AL AR AT AT

&t (acid value, AV)IFlIE: 28] GB/T 5009.229—
2016 (AR EZERE S hERAIIE ) H iR
F e ARFE e, 1 Ak {E (peroxide value, PV)AUIIE: S
I8 GB 5009.227—2016 { B b E 2 EZARME & &Pk
{HRIINE ) AT E B, Mtk 2H 43 (total polar compounds,
TPO)MIE: 208 GB 5009.202—2016 (£ 24 H % s
W B A S PO R E ) AR s
(iodine value, IV), ##3LA (carbonyl group value, CGV). [
M {E (anisidine value, p-AV), (A%, AT NAET =M
T3 A 52 43 3125 IR GB 5532—2008¢ SAE Mg fl{e iy
FE) . GB 5009.230—2016 { &L EFIRME &5k
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FEMEIME Y . GBIT 24304—2009 { SitaYmlg &
{HEIIE ) . GB 22460—2008 { ShAEMihle % 4i il (%
BIIE Y . GB 26635—2011 { shkaihie T AET
SR SR S AR AR IS ) .
1.24 HIEAE

SR SR 3 ROEAT, 5 RUMIMESRERZE RN
S IBM SPSS Statistics 20.0 X4 AT A PR 207 254047
(one-way analysis of variance, ANOVA), P<0.05 F&/NFF1E .
EPEZESE, R PCA PEM & MM ME L 7 - A BT REMERE

2 GFERES

2.1 FFBIMERA FAC 347

B 1 PR RTYEIMBIAE R FAC 18, M 1 AT L
FH, BRI A SRR B A 5 E RS R b
FR(C16:0, 47.1%, 23.1%). THER(C18:1, 40.4%, 41.1%)FIIE
THAR(C18:2, 8.0%, 32.1%). HEIRMIF, BRI A FLL
I FNE MR (51.6%) k3, FLUCRE BRI ARG 12 (40.4%),
&R DR Z AR IR (8.0%), AHLLEL, FKIHHM
i B o S D AR AIR R (26.7%), LA NG Vi iR
R, HEZARWMBENIRR A 32.1%. JE0E, S mmis i
TR FMIG 22 ANTRL R I 198 2 52 1 i g R AR LA o s 1 LA AR
FEPE. SR, AR AARE PRI AN 8 A M T AR AN o
BE AR E SRR A B AT AT =)
A R IR AE = IR 3 H 3 o 07 2 45 R 25t v RESZ Wi Tl A
FasE PP,

50.0 . B B A A
o S A& KA B
40.0 | 7
30.0
S
]
200 |
10.0 |
e AN AN AN

C14:0 Cl6:0 C18:0 Cl181 Cl182 Cl18:3
BHIR
P11 PR RIE M 2 FAC K& (n=3)
Fig. Main FAC and content of 2 kinds of frying oils before
frying (n=3)

2.2 AFETERREE IR RS
TEMAERL R, PO B A i PR AR bR 2, A

BFFERCHE AL U BU R AL LA R ()7
T T 10 A48 b (] 2~ e 4 T MR

i, HE F&E GB2716—2018 { &5 L4 EEAnE MY
i) FEUE T I AERL R A M AV R TPC BRE (H 5371
A 5 mg KOH/g Fl 27%. AV I LL 3% BH i A5 v i 2 B i R 1)
20, ST K DR A S A A R T R K A
FEfARAREE o Fr I 2(a)PT D0, BT KRR IR) A 2B, RN K Ih
AV ¥ EWENN(P<0.05), TEIMAERT, PIFVATYEIT AV T
W E 2R (P>0.05); WhEE 5 dJE, ETEFNH A RIE N5
FRTERIFH B ISR (P<0.05), {HFFATLEHI
AV A F FE R AR R, X AT Ae S dE R R
FEMIFEIAEIA . TPC 48 ASTE M KEL AL b = A 1Y
FA L H A = ERR e s Ak G, AR AT . KR
Y BRI o T TN A 43 B A AR P A A R,
P, TPC A 2 PF A BRI A8 3 e 00 . A ]
SRR Z U mE 20) R L, AEMKETT, PR RTAE
B TPCAFAE B 25 1 22 5 (P<0.05) o B Ik MR [B] A SE 1, 7
FOATKE TPC & &34 0 3 1 N (P<0.05), {HIR 4L T
ERpRHERR A . ke 5 d 5, BUJEANR A B9 TPC 3N
R TR A B A TPC #14(P<0.05), CGV
AR S i i e i T 7 A 1 R IR A B P ) B
A ST B AR R R A — A R AR, CGV MK,
FE AR A A2 . AR S i £ thiF
2(c) ] WL, PIFPATKEMIAY CGV fEil it FE p g Wi hn, IF
WIES 2 d IR B i s H B3 = TR E(P<0.05), SRE T
F#, X5 FARHOOSH Z:PURGHIFST 45—, HIF R Al fg
SRR AR T A R AL G I SRR IR U .
R CGV ik B i i (BT, EIKFRFIH A B CGV 774
1 (4.60 meq/kg) LA FIH B (5.49 meq/kg) EAK (P<0.05),
VLRI A B R T 7= BRI AL A ELE R A
i B &b,

FE R R, R P BR iR, LR AR
FG R eI RN R AT T KA AR, 0
B4 AR . TR AR R 5 S Ak, Bk, A
3 0% A0 AR T 8 2o A B9 C18:2/C16:0 FLAAARfb R )L
Bl 2(d) AT LAE L, e KR, PR KR A
C18:2/C16:0 {HAFAE B E P25 5 (P<0.05); JhAET P, &
TRVFFII B (1) C18:2/C16:0 fHLF i1 XE I (1] S2E 4 171 728 7 9/ )N,
MK A A B C18:2/C16:0 {HAS LA B35 (P>0.05), %
BB IR T A HA B pfese v

IV 25 Wi BE AN 1 IR BE A48 b, AN S0 BE B vy 1Y
AR, IV 8K, e AR, JUkEw IV 2 B FIAR i
iR A A S R A RN R DL A 3(a)Bs, FETMKERT,
PIRRRILKE ) TV A7 0 2 M 22 5(P<0.05); 783 M AR
e, AR A B TV 2R B35 (P>0.05), T KR
FH B 1 TV Bk B ) F) S 4 220 8 B Tk S5 RS, ]
TRIRFNN A B IV 22041 (3.19 /100 g) % T B8 A
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(a) 4.0 BRTRFHA (6)20.0 YA
O A FIB & BRI FIHB
16.0
5 30 aA
§ FZIbA < 120 o € B aA
@)
@ 2.0 aBbB £ aE . bC b
£ . 8.0 bE
< 1.0 aD bC aF
: aE bD 4.0 | bH
bE
s 8N
0 LZRN h 0
0 1 2 3 4 5 0 1 2 3 4 5
RKER A]/d B ] /d
()20 st A (d) 2.0 e
AYHFNHA : AHIAFHA
& BRI FIHB N BRI FIHB
15 aA 1.5 aA
o aB = aB B
% ° i aC
g/ 10 b b Q 1.0 aD
S aC  aCaC D aCD g
8 b 5 aE
5 bE bE 0.5
b b bAl b b b
0 0
0 1 2 3 4 5 0 1 2 3 4 5
BiKERT Al /d FUKERA]/d
e ARG SR AR TR RIKE R BSOS TR RIKE TR =2 7] 22 57 4225 (P<0.05), N IR) K5 S48 36 R [R] R BIKE S AN [R] B4 KB

Z 825 5 B 3% (P<0.05), T,
Bl 2 BRPRAE AR R AV (a). TPC (b). CGV (c)Fl C18:2/C16:0 (d)AIAEfk(n=3)
Fig.2 Changes in AV (a), TPC (b), CGV (c) and C18:2/C16:0 (d) of 2 kinds of frying oils during frying (n=3)

B (15.39 g/100 g) (P<0.05), X FKHIERIAFIM A 7EMMFELL
PR HREY 5y Ak IR Ak — N 2R sh A AR e A,
PV JEPFA BT KE I 7R S AL W B BT 5 1ok SR Al Sl 4]
e icE R FEAR, SR, Sl S e R E 1, e
YELAF T 2 A R A fig LA R 7 91 530 PV R,

p-AV 2 S WRFKE TN 45 A8 B W AR = M 2 B i B AR,
W, H 4 4 4k {8 (total oxidation, TOTOX, H
TOTOX=2PV+p-AV)HK LA 1AL G i AL R R K]
3 AT AE H, FEIMKERT, PIRPRIKEY PV JC R E 2
F(P>0.05); IMAELLAR T, PIRNETKEIN PV Bl K B] A4 2E
KE TR, HimkE 5 d J5¥H 8 E TR EP<0.05),
RNIF 2, WAGHMAREA Z54 % SRy i 16 B e ot 7 o
PV Fifi LK B[R] (9 2E 4 5L BH G 1 T a3, X Rl BB N
AW 1 d WRTKES, ROKEM v EGS A i 2 A
KT A R B 3(c) I 3() AT A H, FESMKERT, PR
FHRUKEIIRG p-AV FI TOTOX {HYITFAE B 22 7 (P<0.05);
TSR S, PIRPRTMEH p-AV FI TOTOX {H YAk
SRR T 5 WA B AR A RS, XA HU DI i se 45 %
—3, fEIMKE S d 5, BRI A B TOTOX 4 i

EL TR KRN B (P<0.05), ULHIZIRIEFIN A HA A
Xof B G R AR, L S R AT RE R AR KR AN B
A A AR AR, RS Ak

Hi/k#E E (vitamin B, VEYUREAE BB 54 =AM,
TP RARBEAAT, FL B T A8 PR 2 4325 52 1) L KE T
ke tER . KB 4(a) T LR H, FESMKERG, PERR AR
M VE 7875 35 1 25 5(P<0.05), 20 &M, B8
A FEKIEANH B b VE BLIAEE ZWmoh I,
VE BRI 93.1%F1 78.8%, FEHIKErt AR, B e a)
PYFEK:, PRRPRMEINNY VE BB PO AR, 552 ke
RT3 d MBS T 5 d R, BIATII A iy VE i
42 3R (60.42%) i 3 7= TR ANH B (54.44%) (P<0.05),
XA HE ISR AN A W VE 0 i s 5 Ak A E =
W H B B A 56 . AT TR TR, X 22 25O gE 4
FkEYIITEMKE L AR VE & R L R B4 K VE
Cafide, HIFEE W RS AR5 R RIS et h A 6. &
VT i el K 2 A P K i 5 % — b B S R R
AR AR FE I KERT, PR RKEI A L B T R
(P>0.05) TEVIKERS AR b, RN KR VH %) € 0 B Ve A BF 1)
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BYRER T WG, HihtE 5 d FHEER TYIHRE
(P<0.05), {HAELKFEFH A P35 (ZLE)YE iR R (8.0) L&
TRIFFIH B (6.0) 8 352K (P<0.05). — MR, ThARTE MK
T R e € R A R v B TP e R AR S AR
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TR 14 480 A A 117 S5O M A AR A A R TR B e,
P T B € A28 A T RS2 B3R AR B v B R 6 R
VE WIS, FERE AT =M 7 5 U AR (R DS R

B3 RTRIEM R E SRR P IV (a). PV (b). p-AV (c)Fll TOTOX (d)RYZEfk(n=3)
Fig.3 Changes in IV (a), PV (b), p-AV (c) and TOTOX (d) during frying with 2 kinds of frying oils (n=3)
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Fig.4 Changes of VE total amount (a) and color (b) during frying with 2 kinds of frying oils (n=3)
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SRSEDE, PIRPREAE 10 ASThAE S BTN e iR TR
M ESAISE, BAMESR S, EKIEHFANH A TOTOX,
CGV, TPC A% | IV K C18:2/C16:0 {EFFAKIEEEH/,
HLA AR At B R R R 1 o
2.3 RIYEiMmmBRIEFRAVAE K AR

TR S THR AR AR DG 43 B I 3R 1, AAFR 1 il A,
RIFEIMAY TPC 5 AV, p-AV. TOTOX ., @B B EPEIE
HH 3 (7=0.667~0.947, P<0.01), 5 PV 2 B F 7 4%
(=0.809, P<0.01), 5 VE £ .2 A3 (=0.551, P<0.05).
RUKEIMY AV 5 PV | VE 2:4R 5 2 5 HH 3¢ (7=0.758, r=0.797,
P<0.01), 5524 2 EAHDE(=0.970, P<0.01). FIXEH
B PV 5 VE 2 8 2 IEAH2(=0.877, P<0.01), 5 p-AV,

TOTOX ., o 2 4% B 3 1 A 5 (7=0.774~0.823, P<0.01), B
C18:2/C16:0 £ #f g 2 1F # 56 (7=0.991,

P<0.01),

[

EW R 1V E
5 CGV. VE £ IFHK(=0.539, =0.504,

P<0.05), 2L BIFEIMATEARAR S HT rT A1, R R A ELLE
FEPRIAIETEAR R RE B A AR O . L, i ad B— A bR
FE MBI EVERERI DL FEARL2: L B, Al g
SMTIE TR AT o
24 ERSSH
Shy UL AR R K o B KE M RE A 22 5, SR PCA
Xt BOKE T BEAL R ARt A T 2 08 i br . DRIl 45 B AL 5
FRIAIE R 9 MBI R P AR 25 5, ket i, =
B Ak, X B RE S A4 IR AR B R TR R A
SEFE, AEAF AR AR PPN BUE O R AR R R 4, DAAE BE—
HIGE BT . MR ETSCEE R, XK 10 AN HE TS AR
HHAT PCA, JFHEMH K5 Z 5k AT R L3R 2. 38 2 AT,
Hi 2 ANEMSPCL, PC2) Ny ZTTHAR ST BN 53.963% .
33.957%, Bitr Z kR A E] 87.920%, RI{AE TR
GIFM bR 87.920% 4515 B o Kk, FREERIKEMAY 10

P<0.05), RUYEMMAYEEFES VE 2HE 7 £(=0.843, A FTHR PR AE B 2 AN AR R Sy 1) = A A TSR
P<0.01), 5 p-AV . TOTOX & E P IEHI K (=0.551, r=0.541, P o
1 FMREESmBIEFREE X
Table 1 Correlation analysis of the quality indexes determined in 2 kinds of frying oils
mb AR AR AV PV p-AV TOTOX v CGV TPC VE @iF  C18:2/C16:0
AV 1
PV -0.758" 1
p-AV 0.488 —-0.808" 1
TOTOX 0.454 —0.774" 0.998" 1
v -0.217 0.097 0.357 0.393
CGV ~0.408 -0.001 0.403 0.433 0.539" 1
TPC 0.667"  —0.809" 0.947" 0.941" 0.395 0.261 1
VE -0.797" 08777  -0.543"  —0.501" 0.504 0.200 -0.551" 1
P 0.970"  —0.823" 0.551" 0.514"  -0.230 -0.318 0.695"  —0.843" 1
C18:2/C16:0  —0.320 0.184 0.263 0.300 0.991" 0.551" 0.286 0.580" 0.324 1
T+ B E ARG P<0.05; 4 i # AHOC P<0.01,
=2 FHHERBEBE SR
Table 2 Characteristic values and contribution rates of principal components
N WA FHIE(E 22 PEROF B AT 2
FRIEMH i 2T % Fit vk /% FHIEH 5 22 DTIR /% Fit vk /%
PC1 5.396 53.963 53.963 5.396 53.963 53.963
PC2 3.396 33.957 87.920 3.396 33.957 87.920
PC3 0.836 8.365 96.284
PC4 0.214 2.138 98.422
PC5 0.110 1.097 99.519
PC6 0.028 0.277 99.796
PC7 0.016 0.163 99.959
PC8 0.004 0.036 99.995
PC9 0.001 0.005 100.000
PC10 2.693E-007 2.693E-006 100.000
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T B BT AR B T AR T A PR R B T A 1
far BFE 100 55 KN, L 3 o v 28 ey {9 448 XK
0.5 B TEAR A BEr B PEFERRPY . BRI 32 A b et
BRI L 3, FKEIh A PP A 14 32 1 43288 fr P 2 P
5 s, MR 3 FIE S hRTLIE H, PC1 EELEAR T AV PV,
p-AV. TOTOX. TPC. VE HI{i% 7 MEVR, 2 0iHkE R
53.963%, AV .p-AV .TOTOX . TPC FI{a,%7E PC1 IEJ7 [, PV
M VE £ PC1 514, BiHH AV, p-AV, TOTOX, TPC Fifs
#5 PC1 SLIEAESE, PV HI VE 5 PC1 65, HA PV,
TPC #£ PC1 Hif#far{EAK, % PCL SZmECK, i PC1 F
BT AR T A 0 AR ) B P A A A AR B
PC2 FELEL T IV, CGV Fl C18:2/C16:0 3 MEdE, F &5
Bk N 33.957%, H. 3 MEFREIAE PC2 IEJ5 1], BRI 3 4
15555 PC2 BIEAHE, Hih IV A1 C18:2/C16:0 7E PC2 Hr (i
FATEEK, X PC2 MK, #PC2 EH B T R
AMBEFNBEAHICAT B o X 3R 3 IR BB e B MR R = 1A 7
FREALTTEE, 1538 2 D TR AR REUEIE, RiE
T FE AR RECERE LR 4.

=3 RUMEEER S DR R AERE

Table 3 Rotated component matrix of principal component
analysis of frying oils

Pk ERIAT
PC1 PC2
AV (X)) 0.838 -0.366
PV () ~0.956 0.073
Pp-AV (X5) 0.866 0.445
TOTOX (X3) 0.840 0.485
IV (Xs) 0.001 0.936
CGV (Xo) 0.023 0.775
TPC (X7) 0.909 0.385
VE (Xg) ~0.841 0.464
% (Xo) 0.882 -0.337
C18:2/C16:0 (X10) -0.106 0.933
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Fig.5 Principal component loading plot of quality evaluation
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Table 4 Rotated component matrix of principal component
analysis of frying oils
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Table 5 Frying performance evaluation scores of different

frying oils during frying

R Y, Y Y

HEA

BIR

BAIR

IR
IR
IR
AR FN

BIR

BAIR
=

e

hr 3FE] v
VR FTH _4.560

-1.860 -3.093 1

A-0
] N
LT PPN

—-1.182 -0.937 3

A-l
] N
TR 066

-0.923 —-0.349 4

A2
o SFE] 01 91
VA 0.734

-1.096 0.024 6

A3
A SFEL T
VLA 1.365

-2.163 0.002 5

A-4
o S 191
BSRART: 2233

-2.411 0.386 7

A-5
ok SFE T
BSRART: 4297

1.347 -1.861 2

B-0

-0.417 2.077 0.480 8

B-1
KIEFH

0.383 2.835 1.169 9

B-2

RN

BIR

BIR

1.181 2.113 1.355 10

B-3

R FI

1.895 1.143 1.410 11

B-4

R FIH

2.542 0.120 1.413 12

B-5

T AT FIN A-0 F/RRILE 0 dJ5 A IRIEANS A, FAb R

et

SE Bk

(1]

B, BRE, Wi, SF RRKIT AL 4 B0 DLRUEI 0 RUEPERE L
0], W S5hAE, 2021, 34(12): 50-55.

WEI XD, CHEN Y, GAO P, et al. Comparison of frying performance
between rice oil and other four common frying oils [J]. Cere Oils, 2021,
34(12): 50-55.

MANZOOR S, MASOODI FA, RASHID R, et al. Improving oxidative
stability of soyabean oil by apple pomace extract during deep frying of
French fries [J]. Food Biosci, 2022, 49: 101874.

HU M, PAN K, NIU Y, et al. Comparative assessment of thermal
resistance of palm stearin and high oleic blended oil when subjected to
frying practice in fast food restaurants [J]. J Oil Palm Res, 2020, 32(1):
90-102.

WAGHMAREA A, PATILA S, LEBLANC JG, et al. Comparative
assessment of algal oil with other vegetable oils for deep frying [J]. Algal
Res, 2018, 31: 99-106.

IR, Mg, AR, 5. FORIMTE PR RO P RO PR
SR, 2020, 41(18): 199-203, 217.

A RINNEY

XU ZB, LINAG JM, NIU FH, et al. Application of rice bran oil as frying
oil in fast food stores [J]. Sci Technol Food Ind, 2020, 41(18): 199-203,
217.

R, FROLZRE, AN, AF. 11 R B R VR A AL R[]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

R [E I, 2022, 47(2): 39-46.

YAO L, XU LR, CAI ZP, et al. Volatile compound composition of French
fries prepared in 11 kinds of frying oils [J]. China Oils Fats, 2022, 47(2):
39-46.

AGCAM E. Modeling of the changes in some physical and chemical
quality attributes of potato chips during frying process [J]. Appl Food Res,
2022, 2(1): 100064.

AR, IR, AE50F, S B TRUEMEA ARG BT T IR Y
PERI]. Bdh TAbRHE, 2021, 42(7): 416-426.

LI YM, TANG RF, DU FF, et al. Research progress of statistical analysis
methods for physicochemical parameters of edible frying oil [J]. Sci
Technol Food Ind, 2021, 42(7): 416-426.

T, THH, WHIRAR, & B A AR R o i AR AR ].
G, 2022, 47(2): 47-50.

LIYT, YU YY, YANG ZD, et al. Quality changes of edible vegetable oils
during frying [J]. China Oils Fats, 2022, 47(2): 47-50.

AMINULLAH A, MARDIAH M, HAKIM L, et al. Spectra and carbonyl
index changes on processed beef fats using Fourier transform infrared
spectrometer and principal component analysis [J]. Spectrosc Lett, 2019,
10: 1-9.

HAMMOUDA IB, TRIKI M, MATTHAUS B, et al. A comparative study
on formation of polar components, fatty acids and sterols during frying of
refined olive pomace oil pure and its blend coconut oil [J]. J Agric Food
Chem, 2018, 66(13): 3514-3523.

LIU Y, L1 J, CHENG Y, et al. Effect of frying oils’ fatty acid profile on
quality, free radical and volatiles over deep-frying process: A comparative
study using chemometrics [J]. LWT-Food Sci Technol, 2019, 101:
331-341.

TRYE, SRHENT, B2, 55 BT M0 i gy v i & U
PP, o EDRIMAEAR, 2019, 34(12): 65-70.

LEI CN, ZHANG YH, LI JW, et al. Modeling for aroma quality
evaluation of virgin olive oil based on principal component analysis [J]. J
Chin Cereal Oil Ass, 2019, 34(12): 65-70.

PEA, Brbki, BARME, 5 HRRESHREORSS & £ g
4 R g RS [7]. PREES N, 2021, 21(12): 104-110.

LI DJ, DUAN QX, DUAN ZH, et al. Rapid identification of four
vegetable oils by low-field nuclear magnetic resonance technique coupled
with principal component [J]. Storage Process, 2021, 21(12): 104-110.
Rph4, Az2s, JATEDC, &5, BET MM TRk A B e A R
RS TUA A [T]. B Al A= 4R, 2020, 51(9): 2227-2235.

HOU ZL, ZHU LL, ZHOU DQ, et al. Construction of quality analysis
model of Antarctic krill oil based on principal component analysis
algorithm [J]. Guangxi Agric Sci, 2020, 51(9): 2227-2235.

ViARDS, T, FRUIE, S5 ORI A SRS PRGN 5 A
SAHT0N. HERIEMEY R, 2019, 41(2): 275-282.

XU CF, DONG Z, ZHENG MM, et al. Active compound and principal

component analysis of Perilla seed oils from different production areas [J].



5 20 3]

Tbess, 550 JET R BTk PO PTRNAS LROFT I A B P fE

6675

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Chin J Oil Crop Sci, 2019, 41(2): 275-282.

I, AREREE, ZEEL AF TR OB TR O], R S,
2017, 30(12): 78-80.

HU MM, NIU YT, JI M, et al. Technical survey on oils and fats in
sausages [J]. Cere Oils, 2017, 30(12): 78-80.

LI X, WU GC, YANG F, et al. Influence of fried food and oil type on the
distribution of polar compounds in discarded oil during restaurant deep
frying [J]. Food Chem, 2019, 272: 12-17.

SRR, A, TEDT, AE. SERRRFII AR AT A AR e A A
fe[]. P ENTAE, 2021, 46(7): 41-47.

ZHANG X, L1 Y, WANG Y, et al. Quality changes in frying of deep-fried
dough sticks using flaxseed oil and palm olein [J]. China Oils Fats, 2021,
46(7): 41-47.

ZHANG H, MA J, MIAO Y, et al. Analysis of carbonyl value of frying oil
by Fourier transform infrared spectroscopy [J]. J Oleo Sci, 2015, 64(4):
375-380.

FARHOOSH R, MOOSAYT SMR. Carbonyl value in monitoring of the
quality of used frying oils [J]. Anal Chim Acta, 2008, 617(1/2): 18-21.
LIX, LIJ, WANGY, et al. Effects of frying oils’ fatty acids profile on the
formation of polar lipids components and their retention in French fries
over deep-frying process [J]. Food Chem, 2017, 237: 98-105.
ABDULKARIM SM, LONG K, LAI OM, et al. Frying quality and
stability of high-oleic Moringa oleifera seed oil in comparison with other
vegetable oils [J]. Food Chem, 2007, 105(4): 1382—-1389.

KHOR YP, WAN SY, TAN CP, et al. Potential of using basa catfish oil as a
promising alternative deep-frying medium: A thermo-oxidative stability
study [J]. Food Res Int, 2021, 141: 109897.

MBA OI, DUMONT MIJ, NGADI M. Characterization of tocopherols,
tocotrienols and total carotenoids in deep fat fried French fries [J]. J Food
Compos Anal, 2018, 69: 78-86.

XE2E, FAE, KIRIN, 55 4 FmARRUEE AR P e R E or it
AACHIBESE[T]. HrEE, 2015, 40(12): 48-52.

LIU YL, WANG YH, ZHANG ZS, et al. Changes of vitamin E

composition and content in four kinds of oils and fats during frying [J].

[27]

(28]

[29]

(30]

[31]

China Oils Fats, 2015, 40(12): 48-52.

NAYAK PK, DASH U, RAYAGURU K, et al. Physio-chemical changes
during repeated frying of cooked oil: A review [J]. J Food Biochem, 2015,
40(3): 371-390.

ALADEDUNYEI1 F, PRZYBYLSKI R. Performance of palm olein and
modified rapeseed, sunflower, and soybean oils in intermittent deep-frying
[J]. Eur J Lipid Sci Technol, 2014, 116: 144—152.

TEE, R, BIRZ, 5. ST 2k A E IR
FIEESEI]. P ERIEEAR, 2015, 30(7): 123-127.

JIA XW, ZHOU J, LV QY, et al. Assessment model of compound
nutritional rice based on principal component analysis [J]. J Chin Cereal
Oil Ass, 2015, 30(7): 123-127.

FRURE, WCE, PO, AF SET MO LI AR L
[, &5 & BT, 2020, 46(19): 251-257.

HAO QL, HUANG XZ, HE Y, et al. Evaluation of Wushan plum edible
quality based on principal component analysis [J]. Food Ferment Ind,
2020, 46(19): 251-257.

ZRIBI A, JABEUR H, MATTHAUS B, et al. Quality control of refined
oils mixed with palm oil during repeated deep-frying using FT-NIRS, GC,
HPLC, and multivariate analysis [J]. Eur J Lipid Sci Technol, 2016,

118(4): 512-523.

(kiEsth: KR FH4H)

1E& & v

HEEE, L, #Ih, TERARAFEA
BERHMERAL. ERMIHFER,
E-mail: 397374380@qq.com

HARARR, L, BNEEMIRA, TEMR
FEAHERESHR=RNMBFEL.
E-mail: 2006abc-hmm@163.com



