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B OF IR RO A A E BB, R O 7 R A R Tl A R LA B S USRI A
FEXGE, RGN T ARFINAE B AR P i T AR A AU SR R AR (Low-field nuclear magnetic
resonance , LE-NMR) 535 5 B0, WF5E 1 S0FFl i B AR -5 st iR Z R A9 AR G , 1l LF-NMR 5tii%
FEPES & 22 MR TS T S AR A SR AR RS A AT I 4R5E T A AR BN R PERE RSO . 25
KLY, SHFMA RN . BRI | IR . BREEY . B AN E B B B S 18] 3 T R T Al 8
/) s BRI A P ORORE I [T D 2 A D R B T SBAFPERRAR (Toy . Tory Topv Sy F1Sy)
L SOFF BOKGE I A dh DS AR (RO . B PEdl oy o e A M . IR MY . BAEE . WL R {E ) 2 W 3E AR
(p<0.05); [FAAMBAL Y PE REL(RY) KT 0.93, M P22 (RAD) /T 0.15, 5 A8 A TSR HE
BT A AEAT , B R PR RAD ANHTIN 357 iR 22 (RMSEP) SRR T 55% DL E . ABFFeai &M, LT
LE-NMR [RIE A BRI i O P, RIS U0 S22 PR AR R PR E A R T BB R AR A S

eSS (771 2 372 1 e < s R 1 NIV =1 i 1 3 A O A g e

BUYEER AR AL G i 2 — LB 22 A AR R BV E . B A h i S 5
rin N TR e 23 S SRR AE — R BV 2 A2 OV IR C N . BRI, 7 A R B i i <
MR (P . ERANERSE ) , KA AR 3 500 0T, RISt = A X AR . AR RN HRA K EA L

BRI , 25 A KA IR K , 51 % 21 B D REMIAT DI e ReRT , BE 28 5 | e 2 . dE Tz A i
7, FEPG A AL A T T 11 30 AR S IS I RITYEII S A8 320K 92% , S X 22 G2 /N R I (9 K Vi
BN 48% , HETH 25 ST S 48 B P BB I AR R 208 67% 1 TR , o B HE 1 7 P i o
Jo A PR s I+ B

FRT, B A OO 77 R R v . BRI . (R ADGIEE A Rk AR BT (8
BYERE e 2% PRAL IR S 45 R (FUR AR R Bl S AR K b2l i i =
H(GC) WA ETEE (HPLC) . A - T 5 i (GC-MS) MR (3% s Ik FH ik (LC-MS) 3, %28
Ty 00 2 R (B FE I BRI A o, B R EERTAL 3 OGiE A IR LA (NIR) .
LLAMEHEE (IR) « HEZOEIRE (RS) FIEESIMDERGA (UV) 45, HAT PRg {8 200, (B LI AR 5 25k
IS R XE L) SR o PR Ry ST — PR | A ARSI A A A R v o B
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Ko BRI, AT E L, R 3™ Shortening Monitor Kl FiLKE 36~40 h K Gl FIFAAETH AR E 4
FEAR TR HIBRHE RS I G RKE 48 h IR BN T3 IR T 2 mg KOH/g FRRME . 53— AL & I
A, JE IR A L H R (NS ) S AR AL S ey i BRI IIR BT, 4l Food Oil Monitor
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310, TESTO 270 K CapSens 50007, /32 TESTO 270 £ 8k —$e kI B G AKA f#H] . Chen 2510
A TESTO 270 38 A F e vl BV I R rh O PR 2 oA I, (E o B . AR E R S S
M 25 5 o AEEI P, SRR A BT DRRS R B AR A S AT A T B B . IR G HR (Low-field nuclear
magnetic resonance, LF-NMR)FAJEEE T I 1A% 041 0 TCA A B A | 1 A BE S WOts 40 i) 431 45 A 15
BB L TR AR R AR R B U s () A 8 A AR B LF-NMR FAR HA P | s
Sy SEAELR T e i AR ZWF S R IS R AL B SR A A S RS R IR O
Wang 25 2 IHF58 260 LE-NMR $ AR & AR PEAL A B AT 4T 890 Zhao 253 5% BP-ANN Bk g 5r
LF-NMR B 5 2 S D7 i TS ) | Heple s R (RY) KT 0.85. B i &5 5 i o — it 340k

SRR BT SRR . BUESF B RS AR TR, H R? > 0.89, IXLEHFSIESL T LF-NMR £ A 7E
KT B9 et SRS TR (R A R AR Y 77 BT, © A WF5E 3 R A LE-NMR AR 53 Hr i BE 7E R KE R 7
B AR AL (BSOS B —FR R T 08 o A RE S Z2F8 bR [P ARMBL A  AS(UT 29585, B Re i
S BT P R A AR e TR A S L e DRI, ARIIE SR DASRAFIN A XS 52, B 58 R FE P iR
mn AR AR S B AR DG R | RGE 51T 246 bR [0 M0 & i aT A 74 | 45 & 22004 M IRl EE ST SpF BT T
min BT R (R DA ASE AR | A ek B it JO ) R ARSI R R £ e s il B R R 34 .

1 SLIGES

1.1 E5RF

mq20 B % RN (7 FE A s AT RN B ) 3 TU-1810 240366 H (bt Hrim R s A BR 2
Hl); SD VR IHIEER KA (32 Polyscience 24 H] ) 5 Testo270 At A 44 5 A8 (1 4 PS03 I o 57
S RATE]) s SD-81 BES (N = sl sf LA BRA ] ) 5 NDJ-5S BN B A (RS K T R
YNGR

ECBE (B, KET RPHERHA R AR s ROGSA, Filgbrh TAEMRHCAIRA ) Hi
. KOH. KI FINayS,05(43#74l, Bz sk A (b RHE A FRA R ) o e il B = fr el .
i A SR (T ) TP 10 2 AR T TR A b 1
1.2 ZWHE
1.2.1 FIMESEUE

B 6 L3k T ROVES b AR IR A (180 + 5) °C , #F 100 g TH4% B8 B 2 i A3l vh B KE | BT RS i)
3min, R/NNFUE L, BRFE 120, FUESFRPAGIENR. R 4 h BUTEER 100 mL T 4 CH#E
o R T AR S TR bR AT AR KB AR (2 B H BT LE 20% . 50%F1 70% N A B AT
THAE (14 B SEFECHIRE S 84 17
1.2.2 IB{LiEtRMIE

Z: 8 GB 5009.229-2016" > 7 I E R s 5 M8 GB 5009.227-20161 1 )5 il i 1k S AL (8 ; 21
GB/T 5532-2008" 7 {5 75 L &2 U(E ; 208 GB 5009.230-2016" " 1 05 M B 540 s M8 GB/T 24304-
20091 f1 7 1 I 2 T A

S22 SCHR [ 20 ] P g SRR 20 20 8 I 52 5 , SR Testo 270 A 400 5 SO0 BiLKE 1 R v 3
FEI0 A BB 2 43 A T o

SR 21 TR, R A NDJ-5S B0 20 B S0 2 g i B 3 RSk B 5 3 45 Itk
60 r/min, MR 25 C.

B2 SCHR [ 22 THY 7 8k , 2R TR Ah- 1T L3 Y6 BETHIN S i i 7% , K YE H A 400~800 nm , [AFE
1 nm, PIECHER S RS IE LR | 38 i — i B AR 2 TR LT i €
1.2.3 LF-NMRIESR&ES5KE

WERR R 3 mL BESL T 15 mm B REE R, BT 45 KB R, Fri R 25 B TR, R
ViR 3R 53 M A CPMG ok v 3 80000 5 T A A A6 1) stb T B [B] (7)1 101 ANBE S, B4 i E A 00
3K BOFEEME N RE S AT EE R . 385 K-S J7 kB 70 NREAE AR IESE , HiAy 31 MENIRIELE .
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FEG A S T ARE I L3R 1o (USRS EOE R . REEIIR 200 kHz, 552 UL 8K, - [Tk A (1]
500 ps, [E1% 3000 1~

K FH Matlab {4 XA [l ik ek ih 26 B0 617 SO L 49 2R I 2 41 20 s i S . 45 ot g
8 R UG IS B] 7, (FE TR TR /INBI IR 00 Ty o Ty FI T3 ) FIUEETHIRR S, (SBTRWAERT R I TRIFR R Sy Sno
M1Sy3) o ¥g n N AE R —AHERL 43 Bsf, P B2 78 SR G BAZE A7y sth T4 s ] 70,

F1 BRI R X SORF Il TR R

Table 1  Effect of frying time on rapeseed oil quality

Ei=tan HIKERTIE Frying time/h
Index 0 8 16 24 32 40 48 56
et
. 0.79 £ 0.08 1.2+0.0 22+0.0 3.6+0.0 55+0.0 7.0+0.0 8.0+£04 9.9+0.1
Acid value/(mg/g)
o4
. LA 1.71£0.05 1.18+0.03 1.45+0.01 0.87+0.00 146+0.01 134+0.06 1.19+0.04 1.44+0.01
Peroxide value/(mmol/kg)
H:2H 4
ALY 8.8+0.3 10.5£0.0 13.0+04 15504 185+04 23.6+03 31.0+04 40.5+04
Polar component/%
MZ@H&{E 5.6+0.1 44.1+0.8 44.0+02 394+07 41405 534+05 732+03 904=+1.3
Anisidine value
REY 5.03+£0.00 11.6x04 17.2+0.1 18.2+0.1 21.5£12 254+00 433+06 48.7+0.0
Carbonyl value/(mmol/kg)
A
. 113.0+0.2 111.6+0.1 1099+0.2 108.8+0.4 107.8+0.6 1058+0.7 103.7+0.2 101.6+0.2
Todine value/(g/100g)
B
L 436+0.1 469+0.1 51.7+03 58706 627+04 706x03 76.8+0.1 87.1+04
Viscosity/(mPa-s)
WoOLE
959+0.5 111.3+£03 1379+03 160.2+03 196.0+0.1 233.7+03 271.2+2.6 3145%13
Absorbance

1.3 HiEkbiE

K1 SPSS WM A% Wk st B AR AR b5 IS & B4 B5 64T Pearson AHOCHE 737 . 38 3 22 704 [0l
1% (Multiple linear regression method, MLR ) X SAF B KEH it B8 AR b4 108 404 , N7 2248 b [R5 A
A DL 250 (Determination coefficient, R*) . 38 X FA )7 #1522 (Root mean squared error of cross-
validation, RMSECV) . AIXFE¥){ 22 (Relative average deviation, RAD) AU 7 15222 (Root  mean
squared error of prediction, RMSEP) P I R PERE

2 HR5HE

2.1 SEAFRAIMEE R RRIETRN TN

SERFIMAE B A A S TR PR AR AL AN 36 18], BOERTSEREM A RRAY . 3 S AL (B AR 20 43
SRS E FARME (GB 2716-2018 2 F1 GB/T 1536-2021 ) HisE WSl B2 BUVER IR AE K | SEHFIH
(IR . WREALSY . IR . It . ZEEE IO 2 ETH s, iR E N A2 T i 4R
FRAE S P B8k . =Pk T A R v B B R R ) RN 2 S P i U S T AR B Ak, 51 & TR 1
KA ARG SN, AR A T H I = e A 2 A IR R i, AR RO b . L TR R
REY5E, FEOMISEEEE R . @RI, X T WG B in s i A e ik e P 22 e miR Ak vk
MRS A RIS YR G R N T . Y ROKERT R R 48 b B, SRR A R A FIAR P4 o 7
TP I AR P HE T (BRI <5 mglg, MELLY<27%); BUXERTIE] 56 b, SOkEih AR R 0 145,
WLEAL T 100~113 /100 g JFE Y, AR 1 UL & FHAE D i i BUEE Rl (90~130 ¢/100 g) o [l A B BRI F
St R W BE rh s AR B R SR, BN S RO AL S, 28 56 h BUAE S Sk At e 5
JREABEL R IEAN 23 TN T 15 F18.7 fif o L AT WL , KL R o S Al A B AR AR o
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2.2 EFFHRRTUILF-NMREES SHIE00

72 ALK AR P OR R SEFEMAY LE-NMR - CPMG [R130 S8 ph 2% | S5 340 1. il 1A AT,
AT it B ST %) (R S ot 2B AL A AR A— 30 (HA A — o I 22 5, BEE RKE I RIS | Sk 1]
T I 2 ) T R T o SRR A R R v A LR (7 st G S (] Ty A0IET 1B /R, Bl K RS i)
JEK ) Tow SR AR N N S R ,%:Zlﬁﬁélﬂl R & S RiKES6h )5 , Tow M 195.63 ms I8/
£ 171.97 ms, X 7] R MR ERIVE S R i R G Wil 2 IR 3T Z RIVE I 3ges , A1 A
P E R AT, (75 B 43t 4 s 1 47

A 100, B 85 210
I Amplitude

so} 80 ——T 1200
5 &
H <
§ o0 875 1190 2
Ei 2 .
= a0f =, 70} 1180 &
z E
< 20} 65F {170

0 : : . : 60 160

0 500 1000 1500 2000 2500 3000 0 8 16 24 32 40 48 56

/ms t/h

P FOKE R R PSR A [ ik 2k (A) FIEAZEL 23 St FRNFIE] T, (B)

Fig.1 Echo attenuation curves (A) and single component relaxation time T, (B) of rapeseed oil during frying

Sk Y RS AT M XU SR B it S S A XS A% Wt B 15 5 A S i S T T e e b 4 Bl A 7
AU . W 2007 , BTKE SRR Hp A i 2 4143 b B i ) B 3R R0 Ty . Tog AN Ts, WAL DY
AT TR DATAE A A . o, S, WA/ N, Sy RISy BEK . Bl RUKERTESER: | S, B
HEH AH Sy, FHSys S/ I, BIKE 56 h J5, Sy BIK 93.8%, 1117 Sy FlISys 2358/ 1N 8.5%F1 18.2%, b4
) S B 1 PR R U T RAE Sl . RS RKERS )R | St BRI IR) T, FNTy, R HT4H 4G, 17 sth R R[] 705
1£357.64~370.39 ms JE N B0 . SRR I 8 1% B AP AE A 3% 5 Wang 4512 XAt il B e
Pt i P AR AL AT o 45 SR — 35, B RIUKERS TR ZE K | BE S A 2 R R I RN I TR 75 a2 | B2 XL
SRR (1) SRR A S RN IR R R K, ST A2 B AE [ i RIS, st AR b,
fili A5t P Ao P AR R 0 R X TSR =, AT R A R 5 I S e TR R T, R L s i )
5t PR 5 [ AFTE 25 57
2.3 PRI MRS S BRI R X S AT

LF-NMR 5th 35 Rt 5 90 5 e 4% Fh 248 K H e

MR RIS e | i

KB | SR R FRR BE 45 A8 A £ %) H LF-NMR —

AEBHEATDI R R kR [

— RIS B AR IR . B RLA R, S a0n

JUBCHE Rk D SR T fF R A A 2 10T T

BOIFR AL S TR A s SECL I AE R s 5

fho 26 2 NSRRI B AT 5 I S A st

BOAE MM R 20, Ty Tos Topv Sy

Sy SEFFMARMN . BPEASY | IR, B o - i o
Br . BRI BB S GAIE(p < 0.05), S tims

ERAIEM(p <0.01)5 T Soy SHRIFMIIE gy ygreypaetosphang £ i
. WMEdL sy . WIAERE . BRI . BRI Fig.2 Multi-component relaxation spectra of rapeseed
JEEN BE MK (p < 0.01) HEUERR BER  oil during frying
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2 RGGEREIR (LE-NMR ) st CRF 5 SR OKE i A s ] A S 23 Hr
Table 2 Correlation analysis between low-field nuclear magnetic resonance (LF-NMR) relaxation parameters and quality indexes

of rapeseed oil during frying

pilAE TEs s [0y et 5 AL TLE [EiEE RN B

Relaxation ~ Acid value/  Polar component/ Peroxide value/ lodine value/ Anisidine  Carbonyl value/ Viscosity/ A;ﬁ)ﬁr‘lﬁ)a&;e

parameter (mg/g) % (mmol/kg) (g/100 g) value (mmol/kg) (mPa-s)
Ty —0.931%* —0.971%* 0.158 0.963%* —0.936%* —0.9497% —0.962#* —0.9507%*
Ty —0.924%* —0.856%* 0.304 0.937%* —0.861%* —0.878%* —0.924# —0.919%*
Ty —0.940%* —0.910%* 0.290 0.965%* —0.872:% —0.934:# —0.954# —0.946%*
Ty 0.015 0.111 —0.825% -0.108 0.256 0.180 0.095 0.055
Soi 0.981%* 0.979%* —0.041 —0.978%** 0.884%* 0.957%* 0.981%* 0.988**
Sn -0.820%* —0.833+* 0.003 0.864%* —0.8517%* —0.831* —0.840%* —0.8427%*
Sn —0.942%* —0.963** 0.137 0.975%* —0.944%* —0.959%* —0.966%** —0.959%#*

HE(Note): **7E0.017K - . 2 A1 (Significantly correlated at the 0.01 level), *7£0.057K - - i # A% (Significantly correlated at the 0.05 level ).

X (p <0.01); #HEAMEINY Tos AR TR CHE (p < 0.05) , X AT A2 P R RUKE R S840 40 i i
bR S d e X gt R AR ) S e B R 55 (AR EARIES Tows Tors Toow Sarv Sy FISy; oI
BRI, X5 E YRS 180 CEMIT B SE I kP PR TR AR T I R B0 06 R A — B,
BEE TR R AT . A PR o3 AN e (EFRACAE PRGN, Sy AW B AT UL FESERF R B dE b
5 LF-NMR st R (AL AA AR R AR DG | BRI LF-NMR A0 B4 2o 7% rh SRef i 04 b B g b2 vl
(s
2.4 RIHHENIERE T

BB FEARE N B AR B (X) AR S BT AR A R AR 5 (V) it 22 e P Il g vy 3 A 5
AR Z YOG RBAL B RBE A= ()i = 1.2, k), kKAREARRCE , x, € R ARE
Ay € RUAHAS T R WL (1) A (2)

" X1 Xo1 0 X1 ||y My
A R el I e (M)
);k x.l,k ;Cz,k "'.xm,k wm lllk

A Y=Xow+u (2)

Hoh oy = D Yo o Y, X =D X0 o X, w; € R", u; € RN [l 0 & %4 In) & |, i € [1,k],
jel,ml RHE/N_Fe Rk X5 YZRIMIEH R e . a, etk mIAsR i (3)
Y=Xo+pa+e 3)

Hrp ek,

LRk AR [ AR RO R M AR M R Y 32 R 3 AR S R i A S et e e A
6] B AR S (36 2) , e R TR) A 28 Fe B0 ST R A0 [l AR R | 25 SR AN 35 3FT/R . A AR e il &2 | A0 i) Jo il
KSR BRIETERLESL , Hoe S s AR5 e BIA 7 #2119 RMSECV A EbF e IA 5 B FRE T 58%
PLb, JEHOEMYE Y RMSECV FEAIKT 87%. HAA F AR BB, 16 A5 B 171 5 R 1) RMSECV WFRAI,
ER R BE AR /0N X AT BE S AR T A O, BRI, AN SR . T K6 50: 07 e o [l IS A AR A k2
M %) ] A8 4

Z IR AR ) TR IS 25 R F T 3% 4. XFRASERRNY . Wt sr . BUERRIEM, oA &
Tous Torv Toov Soiv Sy FSys W THE B KR T 0.01, UL 6 B 28 =6 W3 B W5 . 78
WA A EH R, Thy o Toy F1S,y (A TE R PEST04 0.057 . 0.201 £10.438, #KF 0.05, £ H
Toyn Ty F1Sy X AT RIS TC RO, HORAE Ty« Syp TSy VRN I B AR AU AR A B o X T 206 BE I
JEEER R R AT 5A ARG TE 8 E AR T 0.05, PRS2 RO B () B AR AR 1 23 0 N [ T,
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To1y Toay Sory Sl ML Toy, Tot, Sary Siay 3l
XFOLIE A 7S J5 B i R DAL IR AT FAG S , A58 5PN . e SR AR RL b | FAG I Y i 2 MK

3 IR AR T 45 SR UL
Table 3 Comparison of prediction results of different linear regression models
SESEIER TR IR 2E

Root mean squared error of cross-validation (RMSECV)

AR R, —— — - o
A P 1 f i
Regression model Variable Ly ISE=ik0y E A Hetkpfr il G S
Acid value/ Polar component/ lodine value/ Anisidine Carbonyl value/ Viscosity/ Absorh
(mg/g) % @100g)  value  (mmolkg)  (mPas) o oonee
—_ o
#Eﬁ& [Sa, Si3]  0.89 0.527 1.342 0.354 5.850 2.713 1.765 7.739
Binary model
— A=)
S [Tow» So1, S23] 0.90 0.494 1.058 0.338 5.762 2.661 1.798 7.573
Ternary model
oy Tows T2y S
mj,m B [T SO 092 0.291 1.062 0.141 5.045 2.669 1.037 5.073
Four-variable model Sx]
Wik Toys oy, T
T Y TR P 1.062 0.129 5.194 2.110 0.850 4.458

Five-variable model  S,;, Sy ]

aviwir i [ T2 Tor, T,
0.92 0.102 0.307 0.046 4.990 1.132 0.562 2.307
Six-variable model S,;, S, S ]

Fed NIRRT (W EVERGTS A A

Table 4  T-value significance test for independent variables of regression model

(K725
) T, T, T, S S S
Dependent variable o = 2 2 2 =
TH
7.123 —11.385 —-3.159 68.090 17.071 —6.625
TR T-value
Acid value [TE=
. ﬁ% te 0.000 0.000 0.002 0.000 0.000 0.000
Significance
T{H
6.918 10.508 3.955 40.177 28.037 —22.090
etk 5y Trvalue
Polar component e e
o 0.000 0.000 0.000 0.000 0.000 0.000
Significance
T{H
-8.976 7.226 17.837 —-110.699 —22.017 18.263
Tl T-value
Iodine value TE=
. JL%L e 0.000 0.000 0.000 0.000 0.000 0.000
Significance
T{H
1.939 1.292 3.048 0.781 2.683 —4.841
T T-value
Anisidine value H 2
E% e 0.057 0.201 0.003 0.438 0.009 0.000
Significance
TH
10.656 15.033 —6.650 13.179 13.303 —14.800
BRI T-value
Carbonyl value S
Y . JL%L e 0.000 0.000 0.000 0.000 0.000 0.000
Significance
T{H
-3.042 —7.520 -3.271 33.016 9.607 -1.627
Siiy “value
R T-val
Viscosity ITE=
E% e 0.003 0.000 0.002 0.000 0.000 0.109
Significance
T{H
4.837 —6.808 -1.222 54.944 13.884 —-8.136
WG EE T-value
Absorbance [TE=
BN 0.000 0.000 0.226 0.000 0.000 0.000

Significance
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K5 ZIUARME IR R TR S

Table 5  Significance test of multivariate linear models

b Fif AT
iﬁ{)&a% ss df M & . jf%@(p 1H)
Predictor F-value Significance (p-value)
TR Acid value 646.5 6 107.7 11806.7 ~0.000
JH:=2H 4
LAY 5524.6 6 920.8 11613.6 ~0.000
Polar component
M{H Todine value 745.0 6 124.2 69056.7 ~0.000
%ﬁﬂiﬁ 20461.5 3 6820.5 318.7 ~0.000
Anisidine value
BRI
BEH 10023.0 6 1670.4 1538.5 ~0.000
Carbonyl value
FHJE Viscosity 10512.7 5 2102.5 7727.6 ~0.000
W6 Absorbance 291689.1 5 58337.8 12841.8 ~0.000

T (Note): SS, [E]Ujifzjiﬂ:ﬂ(f{egression sum of squares); df, E] []]E(Freedom); MS, [B[)3477 (Mean square)o

- (p (B BT 0, B BH I [RTAAS AL fry [ 5 s X PR A
PEFR BT SAT BTKE T b B e A A B E A
2.5 EKLY

S T WA R G ] SR A e ST 6 TR ARG 31 A B0 IE AR SR Y O TR R R AT I 4 SR
60 SRATHINEIN L S bR AY 2275 AR T AL I A T A B R S84 T 2% LA I, BRI
JAE AN , B HEFRE) RAD FIRMSEP ¥JFEMIK T 55% LA 15 2270 R I ABE Y v SE i E RN S (i A 48145 FE 2 K
F0.93, RAD ¥/hF 0.15, BaBH T 37 09 [R5 AR 5 AT R A () SRR, BV RTS8 i LF-NMR 5t 54
PEFEBR [R5 SO AR ) S e s . A7 Ik RB A . PR ANAT Wb f R R I IR 9 5 AR Ak TR B
b T B—FE BRI T P R AL G851 R FRER 3% 1 AR AR RS I, (U | e R R AT —
() JR BRI IR RN S (R AR A )« BIKE A (RSHE . TH AR+ 5 55 ) K BVE 45 (R TR A
FikE 7y A ) SR R R AR A KT, T B 1ol 5 T HR B AT T BEXE A S AR 25 51 T b 75 28 A i B A e

FO6 SR RN B b B T 45
Table 6 Prediction results of different frying quality indexes of rapeseed oil

A RN R S A IR s A R

L LR
. - Univariate Multivariate
T bR — - — — -
. g PORGE EPE BOMMUIR R BOWSE  RAOPH BOME R
VK bl E3 44 i 22 R Number of EY e i 22 R
T
e Ry RAD RMSEP variables R, RAD RMSEP
. maff Soi 0.973 0.170 0.520 6 0.998 0.046 0.137
Acid value/(mg/g)
W2/
LAY So 0.961 0.060 1.810 6 0.997 0.026 0.557
Polar component/%
A
. Soi 0.967 0.005 0.625 6 0.999 0.000 0.062
lodine value/(g/100g)
*@*féﬁff{a Sn 0912 0.161 5.696 3 0.936 0.148 4771
Anisidine value
) HEL Sn 0.937 0.148 3.171 6 0.992 0.059 1.082
Carbonylvalue/(mmol/kg)
T,
. @J‘E So1 0.965 0.035 2.422 5 0.998 0.008 0.630
Viscosity/(mPa-s)
WS
B Soi 0.979 0.054 9.908 5 0.999 0.011 2.203
Absorbance

Hﬁ(Nole): Rzl,, f)ﬁfﬂ!ﬂg{-ﬁf%ﬁ(Delermination coefficient of prediction); RAD, *ﬁﬁqzﬁjﬁiﬁ(f{elalive average deviation); RMSEP, f)ﬁ{ﬂ'ﬂi’«]ﬁfﬁﬁe/ﬂ?(f{ool

mean squared error of prediction),
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Synchronous Evaluation of Rapeseed Frying Oil Quality Indexes
Based on Low-field Nuclear Magnetic Resonance Relaxation
Properties Combined With Multiple Linear Regression

PENG Dan’, CHEN Ming-Yang, SHI Cui-Yi, SU Min, CHEN Jing-Nan, XU Rui
(College of Food Science and Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract As an important ingredient of fried food, the quality of oil is of great significance to product safety and
industry development. To explore the feasibility of synchronous evaluation of oil frying quality indexes based on
low-field nuclear magnetic resonance (LF-NMR) technology, rapeseed oil was taken as the research object, and the
changes of quality indexes as well as the variations on LF-NMR relaxation signals during frying were systematically
analyzed. Then, the correlation between the quality indexes and the relaxation properties of rapeseed oil was
studied. At last, the synchronous evaluation model for rapeseed oil frying quality indexes was established by
LF-NMR relaxation properties combined with multiple linear regression, and the influence of the number of
independent variables on the model performance was also investigated. The experimental results showed that the
acid value, polar component, p-anisidine value, carbonyl value, viscosity and the absorbance of rapeseed oil
increased with the increase of frying time, while the iodine value gradually decreased. During frying, the
attenuation rate of the Carr-Purcell-Meiboom-Gill (CPMG) echo attenuation curve of rapeseed oil gradually
increased. In addition, the relaxation parameters (T, 151, T2, Sy, Si;) were significantly related to the frying
quality indexes of rapeseed oil (Acid value, polar component, p-anisidine value, carbonyl value, viscosity,
absorbance and iodine value) with p<0.05. Moreover, the determination coefficient (R of the LF-NMR-based
synchronous prediction model for frying quality indexes of rapeseed oil was greater than 0.93, and the relative
average deviation (RAD) was less than 0.15. Compared with the univariate model, except p-anisidine value, the
RAD and the root mean square error of prediction (RMSEP) value of other indexes were reduced by more than 55%.
It could be seen that it was feasible to synchronously detect multiple indicators of oil frying quality based on
LF-NMR, and this technique could also provide the theoretical basis and technical support for rapid online
monitoring of complex systems.
Keywords Low-field nuclear magnetic resonance; Rapeseed oil; Quality indexes; Synchronous evaluation;
Relaxation properties
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