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Improved Application of FTIR Spectral Reconstitution
Technique in Edible Oils Analysis
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Abstract

Edible oils, odorless mineral spirits (OMS), chromium hexacarbonyl (spectral marker) taken as
raw materials, by using spectral reconstitution (SR-FTIR), the marker’s ability to predict the true
volume fraction ( TVF) of OMS was evaluated and 2-D correlation spectroscopy was employed as a
means to determine whether solvent bands could substitute for the marker. The results indicated 9
spectral wavelengths can be used to quantify the TVF in a single system of rapeseed oil. However,
with the introduction of additional variables, including differing oil types and the presence of free fatty
acids, the number of useful wavelengths was reduced to 4. The optimal wavelength exceeds the
marker band in predicting OMS TVF and was insensitive to polarity changes associated with TVF
changes. It was demonstrated that a very consistent, representative edible oil spectra can be derived
using either marker or solvent wavelengths to remove the solvent spectral contribution.
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BK )R FE B 0 S R AR B B P R S
FLE A, TR LA R A RERIN, K
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2.1 RBHE

B A (FF M 6 A R R o B v L 2
XS5 ) TG, AT RT BT A & A M@t 15 4k
BRRALEUREMPRERE RS, CR, 4F
99% LI b, X E Sigma 2+ 7 £ NBEES (Cr
(CO)e), srHr 4, INE K Aldrich A & £ 7=; L&Y
YR, B I 2 K Thermal-Lube 2 7] 42 it ; % B
7 OMS AT 2% 0.03% /S HREH (FF Nk
PICY) IR . MERIBHE AN REBERT OMS
LB 24 h FERADER, FEFEREKH R
H, &M,
2.2 g8

Bomem WorkIR B% (X (M€ K& LK ABB
Bomem 2y 7] ) % & H DTGS 1 #5 11 Balston B &,
T4 (R EF 7 E K Balston A7), Yol LEA T
HEZER(RE COy), R ARRFFTRRE, HH
BRESH CO, MKESMEMW, SHilOCRE Mt

HHLA IBM AL, B (8 F MK 14 9 : Windows fR
#9 UMPIRE %X 4 (31 ¥ X Thermal - Lube 2 ] ) BA
X TQ Analyst 7.2.0.161 Release % (XEEBHE N1
A7),

2.3 BFRG

iR E KM FE RN 200 um, 73 ¥
W 8om LAMKEN 16.UEKNER, LMt
Y 6 000~500 cm ™1,

2.4 HohlE
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Anton Paar E(CEN €, BEIEFIEERHAMS
OMS By R B 56 3 A R R R B L Bk 2w AR B
4% (true volume fraction, fil % TVF), 3 i 18
OMS #J TVF #E% 0.5~0.9, ¥ OMS #J TVF
SR Y RIE Y ——Cr(CO) g 7~ 5Kk i TR i
WM OMS RS BHKZIARMEKRAS
(apparent true volume fraction, fl 8% TVFa) #t 4T L
BT, B EERIMK 2 K TR,

A E OMS By R W i B AR IE 4 (Cr(CO)s)
WAy AT BB, BB IR BV R HHEAR TR
OMS W i s 1 47 12 4 465 1 W e 0 frg A8 6 40670,
SRS M OMS R& X TVF #E%0.5~0.9
MREGFFHBES T BULEARARRAWNEE
A8, BE OMS B TVF Bk iRk Rl i
fig B R 89 R wa, A oL B #5 4 A 1% i+ (CCRD) 7
NAR E RS ARCH BIR OMS By TVFa #E
MM T, KERKFRBWE 1 R,

%1 FH oMS R/ EESTR BIGE XK FRE
Tab.1 Code and levels of evaluating OMS replacement
of the Cr(CO)¢ marker

W EKE
i
-2 -1 0 1 2
CRmE X,/% 0 1 2 3 4
TVF X, 0.50 0.60 0.70 0.80 0.90
W oiR B % ¥/ W
(SN/IV) X, Pt - X¥m E4EW ¥

AR LA IR R EERE X, #E
EEN)HBE(IV)N R R XTE, BAEAR
BTE 3467 cm {(EEBELRALT 2000 cm ) FEIRAK
WK REERRR, MEH C—C URE
1650 cm ™ '(BL A EL AT 2 000 e ) M RBNE
b B TR O B Ok R R, LA B R [ AR FR 2 xd
TVFa Ul & RS .
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%M X R 30 i B AR (2-D correlation
spectroscopy technique) FI ¥ 3 OMS 55 i ¥ %
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EZP, FEXZMEAME(ERAREMER) KR
PIFRARRYE, F Wang 2 AT 8K (43
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B/NF 1.5)i# 47 M k247,
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FIBTH SR (X RBORT 0.99): BB AR H
GRS B MR EMEERHRERER, f AL
TEFs A 5181t (CCRD) #4T . S HE TR
SR TVF XA BRAEHA G ELER
g TurboQuant KHHKR,

3 BRESH
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R B 3 AT SR P 4R KGR 14 A 3 TR e
H—FME AR, £ OMS MHBHNRE Y P BE
ERZ MR B AL WE OMS R itig, A
ks, PR E R WIS OMS & & 89 B 1E
WA ERILMR, KB ERSYF OMS 5 ¥R
YRR g, RIH_ERIMXFITRILE
i/ OMS. S BRER R S Y FFE T X 8 (2 000~
1975 cm ™) S H MG K (R kR E /N T 1.5)
XX R, HRER A 1 iR,
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Fig.1 3-D correlation plot
(a) 1700~1400 cm™" vs 2000~197Scm™  (b) 2 800~2 000 cm ™! vs 2 000~1975 cm™!
(c) 4000~3100cm™" vs 2000~1975cm™!  (d) 4 500~4 000 cm ™! vs 2000~1975 cm ™!

HE 1 TUE H, AR XRS5 YR e R
Bt (2 000~ 1 975 cm ™ 1) #H 56 TR Wi e i) 48 L, X
W e BT S Y AR E S B SR AE R g . 1A
WIS TVF Z (086 R 528 5 184 K 1
E(HRRBKT 0.99).

B TurboQuant 1b2 B K & B B X # R
W IER W o% (1 986/2 001 ecm DB E ()5
OMSTVF(y)HR &R, KX REAN:y=0.190 6 +
1.35212(R =0.998), }R#EZE N 0.009, H—F R
Ak, FT AT N = 2 55 5 4 P 15 B f A8 O TR g e T8 3K
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Tab.2 Regression relationships derived relating volume
fraction and spectral measures made at selected correlating
regions obtained by 2-D correlation spectroscopy for

various OMS/Canola dilutions

B LR axf xR

fem™? BE fem™! RE s :i
1986 NA 2000 0.1908 1.3521 0.9980
2399  1.419x10°¢ 2000 0.1958 10.3823 0.9987
2719 4.553x10°% 2000 -0.8668 3.1929 0.9977
2615 1.692x10°% 2000 0.7477 5.9371 0.9991
3178 4.976x10°% 2000 -0.0074 3.0548 0.9994
3367 1.036x10°% 2000 0.5449 7.0582 0.9993
3876 6.726x10°* 2000 0.4087 7.9954 0.9988
4054 1.549x107% 5000 -2.7367 15.4219 0.9979
4311 3.726x10°* 5000 -1.6001 6.1506 0.9988
4387 2.997x10°% 5000 -1.2138  7.7925 0.9992

HE2TURY, H I AHEREEREES

OMS TVF A ¥ R FRUEMREMEREHKXT
0.99) 5HHIRITY (Cr(CO)g) FAE T W Mk iy #H
XAPHE, TUBHMEEARKENHERZYNET
BE HE T AR I Y A T R O, A A 5 VR i e T
OMS B4 BUH £ 5 1F T Y6 ¥ 47 129 (Cr(CO)s)
FRER W, FER—MAR(GRHFM) S OMSIRA KR
AT RAE N T4 R B L B AR B OMS Z S f#F4E
R AR B AR IE Y, AT AT — 5 AL EA
BARERAMRUPHNA,
3.2 SEXENLR

ATHRERREAEANNARE, AIH_%
M XN B RS A R MR FE ARERS
¥R As M A M, CCRD A R/KFHRBW
IR, ARFRREGRME 3 iR, KRS ER
Yo 2 R

AREREH R —HAE P 9 SRR
LB 4 A4 AR T 1 MLFPOIXE, B
fe AL FEAS IR, B IHEREMRERAMX
R g £ A A 2 000 cm ™Y EX 5 000 em T BELR, FIE
BARH) B H A EL, TurboQuant k% it B
Haf X EENRE(E )T ERERERR
B BL & BRI TR

¥3 CCRD RN
Tab.3 CCRD and experiment results

RRE X, X, X, TVE B ARAR % TR i e KR ER
4387 cm " 'ME TVFa 1986 cm™ 'Y TVFa
1 1(3) 1(0.80) 1(FEAEM) 0.8049 0.8058 0.8007
2 1 1 - 1(¥7E¥F M) 0.8050 0.8042 0.8096
3 1 -1(0.60) 1 0.606 8 0.6120 0.6051
4 1 -1 -1 0.607 6 0.6149 0.6111
5 -1(1) 1(0.80) 1 0.8015 0.8021 0.798 4
6 -1 1 -1 0.8026 0.800 0 0.806 7
7 -1 -1(0.60) 1 0.602 4 0.604 3 0.609 3
8 -1 -1 -1 0.6025 0.6126 0.6116
9 -2(0) 0(0.70) 0¥ M) 0.7000 0.7023 0.6988
10 2(4) 0(0.70) 0 0.708 3 0.7015 0.697 6
1 0(2) -2(0.50) 0 0.5059 0.5106 0.5320
12 0 2(0.90) 0 0.502 2 0.9177 0.9290
13 0 0(0.70) - 20 ) 0.705 3 0.704 6 0.6978
14 0 0 2(WEHEM) 0.706 0 0.704 5 0.704 8
15 0 ] 0 0.704 7 0.7054 0.6986
16 0 0 0 0.704 4 0.7019 0.698 4
17 0 0 0 0.704 5 0.703 5 0.704 5
18 0 (i} 0 0.7038 0.7052 0.7031
19 0 0 0 0.705 4 0.6991 0.6997
20 0 0 0 0.7047 0.7015 0.7022
21 0 0 0 0.704 2 0.6986 0.6977
22 0 0 0 0.7052 0.696 7 -0.698 0
23 0 0 0 0.7049 0.7037 0.7017
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Fig.2 CCRD spectra
(a) MR UM IR (4 500~ 3 800 cm ™)
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Fig.3 Interactive region selection window in

TurboQuant chemometrics package
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Tab.4 Optimized regression relationships derived relating
TVF and the measures made at selected correlating regions

;3 44 2 X
/em-1 Jem-! BE  #X -

1986 2000~2 000

L

0.2613 1.2940 0.9940 0.009
4 387 4439~4366 0.1040 7.9452 0.9995 0.003
4054 4069~4038 0.1860 18.0960 0.9970 0.006
4311 4366~4285 -0.1610 6.6041 0.9970 0.007

3876 2000~2000 0.5410 6.4209 0.9910 0.014

B& 4 TLUES, BRI 3876 cm ™ 'EIBN
BOFEZE RS K, R BB IRESY T
PRICYAFIE R Wk 5 OMS TVF BIHF BRyRHES
N, BRIC AR TE RO A 4 387 om T I RYE TR
PFRAEE 2 H% 0.009 #1 0.003, 7 TVF BjfEiN 0.7
B, EMNABEZERAB(CV)ZH R 1.3% M
0.43%, F B 4 387 cm ™ A TR I M T OMS
TVF BJRERYER B I R T 40 2 45 1 R v
By AT L, P R 0 AR 5% B R 7 S A AR 55 TR Wi i
ALABAL Cr(CO)e B9 45 1E MR e M T 15 o % 3 A7 3

YENHBASE RPN, TH—5REXKEA
HANARAE RRBERFHNESHEEE B4 H
OMS TVF 542 HM OMS & B2 % A &4 %
W Wik 4 387 cm ™~ 1/4 439~4 366 cm ' HI M OMS &
BABMXARZ,
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Fig.4 Plots of diluent TVF s predicted diluent using
the marker bands and the 4 387 cm ! diluent wavelength
with a baseline at 4 439~4 366 cm ™! respectively
(a) HARICY  (b) MALHIXBBME(4387 cm™")

B & 4a.4b FTLLE 4, iRICH BN K OMS &R
SR BUR LR K R % 4 387 cm ™13, X R
BHFARME BRENRAETREOERIR
1, IR EREMBE R ZBREERELY
R, T OMS 2 5 A 56 R ok (7EL 40 7 X 40 R
W) R 55 32 B X e A LRI W,

HTHAARRE R W, B CCRD K% #
B OMS/ M1 #Y EL B L o1 AR R 26 (4 31 B BB Fn B AL (B
FELLIMIEHR TG B KRR ) WA R i B Ag TR ) B
M, X R WA A

arvp=a + bfrvp, t cVppa T dOy + eegy

AF e B BABRSBEMZREAER
S¥E
¥ FEAS SIV‘ ew—%mﬂgw@\mﬁ\‘%kﬁ

FELL S IE TR E BE
a—HH bc de—HNHRE

AVHESZTEBXREEERELIT¥L
B OMS TVFa Wity B ¥ RHX R,
£S5 HELZTRBESHBREBFRAOEXRER
MEER(BEEKFEHIS%).

B STLAEFH,BRT 3878 cm ™ MR MR AY [E]
HABRS, HARBOE ENR A B S, WAF . U
WIRATERA OMS SRR L MRS R W
BHARBE, HXBHHE 3878 cm 149 SN H XK
FRENEW, XEREH 4 ARG R, Hig
MESMZEBABEER, ZBEKAESENL
RIS R TN IR &9+ OMS B33,
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Tab.5 Significant multiple regression equation coefficients obtained for the factors considered using the four

workable wavelengths determined for the CCRD

WHALE/om ™! a b ¢ d e HEERY R
1986 0.2613 1.294 NA NA NA 0.9938 0.008
4 387 0.1707 7.331 0.002 21 0.9996 0.002
4054 0.164 4 18.762 0.00197 0.9979 0.005
4311 -0.1836 6.722 0.003 40 0.9969 0.006
3878 0.649 3 4.992 0.01175 -0.3550 0.9935 0.009

AT VRO R RS AN e B AR B RR X B 45 SR e
W, iR 4 fik S TLLE ), SR A R Rl g
4387 cm AT M OMS B HIREZ S AN
0.003 71 0.002, £ TVF #{H% 0.7 B, E LA EH
FEMZELS T HEHNME CV 258 0.43%
0.29%, Buim 2 BB 32 49, R R B K &9 % e %3 B
HRMERERMAK, TLLEK, KIFNEET
OMS 7 0.5~0.9 TVF T WK BH, WRBA#
& — M E B TVF %8 &0, H cv R/,
B R

4 itig

R HAMA OMS ‘7&%{%*, FHE - $R%3hH
X ARBEHLILT OMS A% R kg, FHH
KB Wi w] A EF TR S+ OMS B3,

LS g WAELSE:: ) £ 9T PR B IRE RS 31
RTREVHEIFE, ARARMHRSY T OMS

FH R ISR 6 b — 4 A SR 4 B O 1 AR Rl SE
3 R EERRA

5 SRR

FEBE—WARR I, & 9 MR %] AT
TVF Bl € &7, BRAEEREW, KR
R E 4 N, BAARBKME 4387 cm™ I
Cr(CO)(#ric & H Ml OMS R B XU FIF, 2
BRI EA, B KEE TVF AR
OMS BB ERAZY S A 0.29%F 1.3%,
R AWM OMS ZAHEE T HX R YR ER
Wit B B OMS 75 74 2 8 48 X R ok S BR IR &
BRIt OMS # 4, AR e B8 E 8,
WEFA—LHAT FTIR LEEATE RGN AR H
MEE, AT FTIR ik EARALER AN
i B A R A
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