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Rapid Determination of Peroxide Value and Acid Value in Rice Bran Oil Using Near
Infrared Spectroscopy Coupled with Partial Least Squares Regression
PENG Zhi-bing, ZHANG Chen, XU Xiong, XIN Di-wei

(Food Inspection and Testing Research Institute of Jiangxi General Institute of Testing and
Certification, Nanchang, Jiangxi 330046, China)

Abstract: Near infrared spectroscopy was applied to the rapid determination of peroxide value and acid
value in rice bran oil. Using chemical titration to determine the content of peroxide value and acid value in
rice bran oil as a reference method, using near infrared spectroscopy analysis technology combined with
partial least squares regression, established the near infrared quantitative analysis model. The correlation
coefficients of the established peroxide value and acid value quantitative analysis models were 99.11% and
99.72%, the standard deviation of prediction were 0.436 7% and 0.044 78%, and the cross validation
standard deviation were 0.452 2% and 0.046 69%. The calibration model was independently verified
externally with 78 samples. The absolute errors of peroxide value and acid value were —0.78%~0.82% and

—0.142%~0.139%. The relative errors of peroxide value and acid value were —13.21%~14.44% and
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—14.85%~12.46%. The established quantitative analysis model and method is simple, rapid and accurate in

the content determination of peroxide value and acid value in rice bran oil.

Key words: peroxide value; acid value; rice bran oil; near infrared spectroscopy; partial least squares;

quantitative analysis model
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Y (GBW(E)081612 ), 0.100 8 mol/L A fUA% R
A 5 BT VA PR HERI B ( GBW(E)081608 ):
et RIS S AR TR G BRI A s =5
Bt . Bk SR (o004l ). PEBRRL 2= BReh A
AR KO . BULER (4rFral ). EZj%ER L
LR BR AR AR T RISk TP B
T Bk 6B HE/RF . Blkts Rl LI
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1.2 XFEH5EE
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TEAY : 2 H14: R B2 W] s ELGA PC120COBPM
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WHOR 128 ¢, RN 8 em™' o RADGIERTIL
Fr A 30 mine SR AHTE R HUD A B TR A
o, KRR AR G AR, i S
(25 B, SRS HRE, AR,
K H Spectrum Quant X F AT K dn AL B, 12 F
/N ik (PLS ) #ES7 KM I Hp it A0 (AR
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Table 1 Range of contents of peroxide value

in calibration samples mmol/kg

GETE SN M KR PIH R
LA (n=315) 1.02 3627 626 3525
KIESEREM (n=237) 1.02 3627  6.17 35.25
FESERE M (=78 ) 1.06 2447 655 23.41

R2 HRPBRONER

Table 2 Range of contents of acid value

in calibration samples mg/g
R R/AME BKME VPHE k2
M (n=315) 0.003 3.961  0.866  3.958

KIEERES (n=237)  0.003 3.961  0.849  3.958
WUFERES (n=78) 0.024 3912 0915  3.888

2.2 RERHAEYIL LI E

KA AT LLASERE UL 10 I 1 Ara)
A, 315 AKHEIAE A A 205 th 48
HoB IR —2
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Fig.1 Near infrared spectra
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B2 WA R A R P AR E P, PR R % 5
F g B b T A 28 O W W R Bt AT A
I FH i fee /N 3k (PLS ) 7 KMl rp ol 804k
(R AR 1 5 S o AR L, ARl S A T Z8CR
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Table 3 Optimization of spectral ranges of
peroxide value model

WRGEE  ER B RRR bR SRR

cm™! I 1% SEP/%  1W2: SECV/%
10 000~4 000 5 40.2027 2.940 0 29730
8930~4000 5  40.554 1 2.9320 2.965 0
7482~4000 5  41.4787 29130 29510
6180~4000 5  37.3892 3.002 0 3.0550
8930~7482 1 0.210 2 3.667 0 3.674 0
7482-6180 7 93.5796 0.981 6 0.995 6
8930~6180 16  98.3353 0.510 1 0.577 5
2 ?ég:ﬁ 33(2) 5 309553 3.124 0 3.1230

®4 BONEILEETERME

Table 4 Optimization of spectral ranges of acid value model

WEGEE,  ER v RERY FRR A2 S8 X IRERR i

em’ I % SEP/% 2 SECV/%
10 000~4 000 13 99.5343  0.058 33 0.060 82
8930~4 000 13 99.5306  0.058 30 0.060 74
7482~4000 13 99.5330  0.058 49 0.060 91
6 180~4 000 6 96.0436  0.154 80 0.154 40
8930~7482 10 88.9547  0.262 40 0.275 90
7 482~6 180 9 949175  0.180 10 0.186 30
8930~6 180 10 97.9426  0.114 80 0.116 70
2 ?28:‘7‘ 33(2) 13 99.4620  0.628 30 0.649 30

LI S SRR PR 8 930~6 180 cm
W2 AN 1Y A€ B 43 BT BB IR B IR L 8 930~
4000 cm ', ARAGSE EAIHAI I PE R (RD)
Wi K, WAREZ (SEP) F128 XIS uEbn i 2%
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2.4 FIETAE T EHIERE

LM EE A, T2 2SR
TR B R R, I 1R RS B
MG, S50 B E B BT R i o R A i
FNZE R HERRYE . P, BRCENE T ZE X
BT AL TR, JRES DL = IHBR A PR BRI &
XPGIE R o o E AR S i A A BT R R A
8 930~6 180 cm ' I BLICH, MR & BEHYE BT
HERIFE 8 930~4 000 cm ™' I B L, 43 3R I 4%
KOE+—Br 38, BRME+ B8 SRR
e . LA E+ITZ . 0 — b+ Z u B AR
( Multiplicative scatter correction, MSC ), H—4k+
by ME IE &5 48 # 4¢ ( Standard normal variable
transformation, SNV ) kA TG TiAbEE, 5
R e/ — 3 (PLS ) #HE sy KMt v i 44k
(B S R AN Y 5 T 43 BT A B, AR A1 s 000 R
TE T S AR P AL By i, AR ISR 5 FIER 6,
3R 5 Fk 6 hal g, b E A SR 1 5E 103
BT R 4 e R BE R AL IE+— B 0 (7 50) T5
BXCIE AT AL 3

x5 TEAEXEFARFLERELR
Table 5 Results of calibrations with different preprocessing
for peroxide value

1 e T P Tl 22 LgRHIE
5 S REL BRMEZE ARifENZE
Irik W 2R R*% SEP/% SECV/%

PLS FEEWIE+—SE(7 &) 12 99.11 04367 0.4522
PLS FERKOF+— -S4 &) 16 98.92 04552 0.4747

PLS FELMIE+HmH 17 98.68 0.4575 0.490 1
PLS ERLKIE+RIH 13 9856 0.5058 0.5252
PLS JELMKIEHIZk 15 98.69 0.4601 0.4851
PLS A +ASC s i 1oz finA 15 9845 0.4986 0.5113
PLS  JA+RAS AL 10 98.84 0.4956 0.5102
PLS JH—fk+MSC 14 98.76 0.5016 0.5274
PLS [H—fk+SNV 14 98.75 0.5025 0.5345
PLS JH—fk+SNV 10 98.63 0.5098 0.5349
(G ES 2R
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Table 6 Results of calibrations with different preprocessing Table 8 Comparison of the effects of different regression
for acid value methods on calibration model of acid value
3 b 3 YA R ZN{:E s (Vi 3 5i Lk 3 3 R ZN{:E N
Tk AR ZES R*/%  SEP/% SECV/% Tk BULE ﬁ M Rz/"/ SEP/% SECV/%
PLS FAMIE+—BrSE(7 5) 7 99.724 4 0.044 78 0.046 69 PLS JEERIE+ZMr 87 5) 7 99.72 0.044 78 0.046 69
PLS FELRRIF+Br3s(7 &) 15 99.7036 0.048 70 0.049 68 PCR JEAMIE+—Fr FH(7 £0) 10 99.61 0.049 68 0.049 77
PLS L4 E-+i 12996249 0.04859 0.050 97 PCR LK IFE+ S8 (74) 16 98.48 0.10100 0.103 80
PLS FEZAMIE+RPR 12 99.6369 0.049 24 0.051 50 PCR AL I+ 15 99.56 0.05393 0.05401
PLS L i iF+liZk 11 995382 0.054 07 0.056 12 PCR A +{SC 45 i 1o Ji AR 13 99.56 0.05359 0.053 71
PCR [H—4k+MSC 16 99.58 0.052 68 0.05251
PLS A+ 25 ma iz AL 13 99.6355 0.048 26 0.051 05
PCR JH—fk+SNV 16 99.59 0.05211 0.051 90
PLS AL+ mAL 15 99.600 6 0.050 76 0.054 08
PLS H—{k+MSC 10 99.634 3 0.048 33 0.050 82 40 -
PLS H—fk+SNV 8 99.5463 0.05193 0.052 51 35F
PLS H—{k+SNV 11 99.5454 0.05251 0.054 71 =301
(ffi Lt giak) % 25|
E20f
2.5 REEEE SRS S5t .
" Bt
MG 3 I 4 4551, wEJLMPE R il
B, WARdEZ (SEP) FIag X5 b i 25 0 . , . .
. 0 10 20 30 40
( SECV) L /Nayfingb 37 i, R 3 545 1a11H % Hift/(mmol/kg)
P PCR ) ST [l ALY | 3 5 f e/ — 3 75( PLS ) B2 sk oh it AL AR I s
E]Uﬂjﬁﬂ:u Hjif Héﬁ%lﬂ %‘:2 7 %n%% 8, % 7 ﬂ]%:z 8 Fig.2 Corrected scatter plot of peroxide value content

in rice bran oil

%%% [FIAEAL BT 15, M fe /N — 3 (PLS )

7 T A TR AR Y R FR B L A [l I i

) %Eﬁ*ﬂﬁ?ﬂﬂ@%%%%ﬂﬁﬂﬂﬁ%, IERME 7S

#E2% (SEP) FIAd EERR#E2ZE (SECV ) HUEYY

A, U B R d5e /N 3 2k T it o AT AR TR

I AR I i A AN 1 T,
TRIIAE 5 2 LA E R DL R 2 A 3,

0 1 1 1 1 |
0 1 2 3 5
x7 AEEFEAFFEITENEZERHHRILE Z W /(mg/g)
Table 7  Comparison of the effects of different regression
methods on calibration model of peroxide value B3 R RO NRESRE
— - — N Fig.3 Corrected scatter plot of acid value content
a1 05 g Ib}c H%E ?ﬁ‘uﬂﬂ %X%E in rice bran oil

RZ/% SEP/% SECV/%
PLS ELKIE+—MFH(74) 12 99.11 04367 0.4522

2.6 IEBIRYHMNERRGIE

PCR 44 T +—r S5 15 9736 0.6564 0.6849 N TR m MR AR L R L Fa e R
PCR AL E+ B 54k 6 29.72 32280 3.3210 VERATE F’?T%Fﬁfﬁ%ﬁ*ﬁﬁ*” ag%gﬁﬂ:h
PCR AL IEHRFS 17 97.66 0.6161 0.6197
e P38 SUBRAE LAY, 36 5 SR FH I TIE 8 B %

PCR H:2e4s E -+l 16 97.64 0.6185 0.62138 ,

PCR j][]*XJrj(/{j]M‘I 16 97.06 0.6892 0.7216 ﬁ*ﬁ*ﬁ%ﬁljl_/fT&l\i{gZEiyAﬁE U\*A'ﬁ/\# EIIIIJEQIﬁI\
PCR JH—fL+MSC 16 97.62 0.6205 0.6246 i TG 5 2 FUAE O AH M BT R SR . AR
PCR U1 -fE+SNV 17 9758 06315 06465 3Rt 78 AN G HAAORBEIRE ST TSN
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M7 HE, HIUEZE R LR 9 FIk 10, B3R 9 M
F 10 AT, 78 ANHMERA ST I UEAE b A 27 T A
TR R PSS 78 0000 P KR Thh v o 4 £ B TR 1 1) 48
X} 15 22 3 B AE -0.78%~0.82% F1—0.142%~0.139%
ZMa, i A A B R Y () AE X iR 25 43 G AE

—13.21%~14.44%F1-14.85%~12.46%Z [f] , [R]H} 5k
A5 A v ek S A SR SIS ST 35k Y 3 AR
OH. PERE (R, BbRAEZE (SEP) 4351
h 14 F17.99.23%F1 99.77% .0.391 2% 0.045 94%,
UL HZE 1 A TR BT W 4 O T BE )

®9 STENMERENTNERESERFERHEENEENIRE

Table 9 Predicted value of peroxide value model and its error with the measured value of national standard titration method

Pl ZIfH/ T &/ A iR/ AHRT 1R 22/ FEfh Z A/ T {E/ 2% X iR 22/ AHXF IR/
F5 (mmol/kg)  (mmol/kg) % % J¥5  (mmol/kg)  (mmol/kg) % %
1 6.79 6.81 0.02 0.29 40 5.14 4.82 -0.32 -6.23
2 9.53 10.14 0.61 6.40 41 3.77 3.63 -0.14 -3.71
3 7.91 7.31 -0.60 -7.59 42 4.71 4.97 0.26 5.52
4 3.71 4.11 0.40 10.78 43 5.66 5.61 -0.05 -0.88
5 5.19 5.12 -0.07 -1.35 44 4.40 4.64 0.24 5.45
6 4.51 5.02 0.51 11.31 45 4.17 4.12 -0.05 -1.20
7 5.22 5.40 0.18 3.45 46 5.89 5.52 -0.37 -6.28
8 3.02 2.99 -0.03 -0.99 47 2.68 2.68 0.00 0.00
9 2.47 2.31 -0.16 -6.48 48 4.96 4.69 -0.27 -5.44
10 2.73 2.58 -0.15 -5.49 49 4.83 4.61 -0.22 —4.55
11 2.67 2.55 -0.12 —4.49 50 11.94 11.62 -0.32 -2.68
12 3.74 3.91 0.17 4.55 51 3.85 3.77 -0.08 -2.08
13 3.32 3.24 -0.08 -2.41 52 2.82 3.08 0.26 9.22
14 3.60 4.12 0.52 14.44 53 20.61 21.14 0.53 2.57
15 6.61 6.46 -0.15 -2.27 54 491 4.93 0.02 0.41
16 3.49 3.26 -0.23 -6.59 55 14.24 14.53 0.29 2.04
17 2.93 3.33 0.40 13.65 56 4.63 4.11 -0.52 -11.23
18 2.99 3.37 0.38 12.71 57 5.75 6.18 0.43 7.48
19 1.06 1.17 0.11 10.09 58 5.45 5.15 -0.30 -5.50
20 19.77 18.99 -0.78 -3.95 59 6.01 6.23 0.22 3.66
21 2.77 2.67 -0.10 -3.61 60 4.10 4.34 0.24 5.85
22 14.55 14.31 -0.24 -1.65 61 10.19 10.06 -0.13 -1.28
23 6.71 6.83 0.12 1.79 62 9.22 10.04 0.82 8.89
24 24.47 23.94 -0.53 -2.17 63 6.62 6.30 -0.32 —4.83
25 7.09 7.07 -0.02 -0.28 64 4.88 491 0.03 0.61
26 6.79 6.68 -0.11 -1.62 65 7.75 7.22 -0.53 -6.84
27 6.36 5.78 —0.58 -9.12 66 15.69 15.40 -0.29 -1.85
28 4.79 5.25 0.46 9.60 67 3.33 2.89 -0.44 -13.21
29 6.74 6.67 -0.07 -1.04 68 8.59 8.34 -0.25 -2.91
30 2.96 2.58 -0.38 —12.84 69 5.46 5.10 -0.36 -6.59
31 2.16 1.91 -0.25 -11.57 70 5.22 5.79 0.57 10.92
32 2.16 2.20 0.04 1.85 71 3.43 3.58 0.15 4.37
33 6.65 6.86 0.21 3.16 72 7.63 7.39 -0.24 -3.15
34 8.72 8.36 -0.36 —4.13 73 10.22 10.67 0.45 4.40
35 8.06 7.51 -0.55 -6.82 74 8.23 8.32 0.09 1.09
36 7.62 7.56 -0.06 -0.79 75 12.31 12.00 -0.31 -2.52
37 9.88 9.55 -0.33 -3.34 76 6.44 6.83 0.39 6.06
38 3.49 3.74 0.25 7.16 77 8.37 9.04 0.67 8.00
39 6.16 6.68 0.52 8.44 78 7.22 6.88 -0.34 —4.71
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Table 10 Predicted value of acid value model and its error with the measured value of national standard titration method
FE B B gexhiRzs  MwHRZ | R B BN dwhiRz AR/
F5 (mg/g) (mg/g) % % ¥ (mg/g) (mg/g) % %
1 1.321 1.327 0.006 0.45 40 1.457 1.405 —0.052 -3.57
2 0.024 0.021 —0.003 —-12.50 41 1.007 1.054 0.047 4.67
3 3.912 3.843 —0.069 -1.76 42 1.120 1.259 0.139 12.41
4 0.139 0.131 —0.008 -5.76 43 2.347 2.251 —-0.096 -4.09
5 0.330 0.281 —-0.049 —14.85 44 2.222 2.255 0.033 1.49
6 0.227 0.221 —-0.006 —2.64 45 1.584 1.687 0.103 6.50
7 0.321 0.285 -0.036 -11.21 46 1.081 1.014 -0.067 —6.20
8 0.841 0.848 0.007 0.83 47 0.763 0.789 0.026 3.41
9 0.555 0.561 0.006 1.08 48 0.937 0.883 -0.054 -5.76
10 0.946 0.962 0.016 1.69 49 0.541 0.535 —0.006 —-1.11
11 0.345 0.344 —0.001 -0.29 50 2.388 2.432 0.044 1.84
12 0.569 0.561 —0.008 -1.41 51 0.633 0.647 0.014 2.21
13 0.821 0.865 0.044 5.36 52 0.610 0.629 0.019 3.11
14 0.730 0.760 0.030 4.11 53 0.886 0.890 0.004 0.45
15 0.828 0.911 0.083 10.02 54 1.501 1.610 0.109 7.26
16 0.913 0.962 0.049 5.37 55 2.126 2.234 0.108 5.08
17 0.770 0.792 0.022 2.86 56 2.255 2.174 —0.081 -3.59
18 0.608 0.572 —-0.036 -5.92 57 1.020 1.059 0.039 3.82
19 0.733 0.731 —-0.002 -0.27 58 2.048 2.046 —0.002 —0.10
20 0.704 0.693 —0.011 -1.56 59 1.183 1.128 —0.055 —4.65
21 0.809 0.732 -0.077 -9.52 60 1.431 1.503 0.072 5.03
22 0.318 0.347 0.029 9.12 61 0.110 0.117 0.007 6.36
23 0.344 0.335 —-0.009 -2.62 62 0.272 0.233 -0.039 -14.34
24 0.333 0.371 0.038 11.41 63 1.355 1.261 —0.094 —6.94
25 0.383 0.388 0.005 1.31 64 1.334 1.377 0.043 3.22
26 0.373 0.321 —0.052 —13.94 65 1.545 1.497 —0.048 -3.11
27 0.420 0.446 0.026 6.19 66 1.137 1.129 —0.008 —0.70
28 0.330 0.371 0.041 12.42 67 0.089 0.099 0.010 11.24
29 0.459 0.399 —0.060 —-13.07 68 0.129 0.111 -0.018 -13.95
30 0.407 0.377 —-0.030 -7.37 69 0.207 0.204 —-0.003 —-1.45
31 0.884 0.891 0.007 0.79 70 0.772 0.771 —0.001 -0.13
32 0.515 0.494 —0.021 —4.08 71 0.127 0.126 —0.001 -0.79
33 0.573 0.563 -0.010 -1.75 72 0.292 0.298 0.006 2.05
34 1.789 1.799 0.010 0.56 73 0.127 0.125 —0.002 —-1.57
35 0.927 0.919 —0.008 —0.86 74 0.854 0.859 0.005 0.59
36 1.253 1.283 0.030 2.39 75 1.025 1.045 0.020 1.95
37 1.870 1.809 —0.061 -3.26 76 1.436 1.443 0.007 0.49
38 1.427 1.285 —0.142 -9.95 77 0.272 0.263 —-0.009 -3.31
39 0.714 0.803 0.089 12.46 78 1.380 1.374 —-0.006 -0.43
3 & BRI P 2B 3R 99.11%H1 99.72% , il b

ASBIEFER I LA ETE 0 B AR 45 5 i e/
TIRIE RS T I R o i SR SRR Y E
o AR, P e AR AL (R AR 1 SE B 3 A

WEZE 0500 0.436 T%H1 0.044 78%, 38 X WiEhR
HE2273 510 0.452 2%F1 0.046 69%. 78 UIE4E
FEAKT S B R HEA T AN AN, B, 27T i
FIE F5 70 BB TR 00 114 2o 4 A % TR A 1) 4 %) 15
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REZ=E

F 43 7E-0.78%~0.82%11-0.142%~0.139% 2 [i] ,
ok AR A KRR A 1 AR T R 25 4 B AE -13.21%~
14.44%F1-14.85%~12.46% [i] . Z5 90, Frat
ST E T AT TN RO, W RS, AT
FHT KA b ok A S BRAN I o 7 PR 1
o, IE AR RE SR AT L AME I, AL AN E
O HTRIALR I, RPRT PR R A AR R I
ok A IE S R o X AR O 1 To R A R )

XF B WA SRR AT E AL B, IR R
fTAE PR L R ARSI ik
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