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I FTIR HARPE R R R Tl P AR S 5 i BRSPS FTIR HoR 45 A2 a7 g 4l
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THITR FIIE 31152 1) T4 5 SE PR AR IR 2243 M 0.15% . 2.05%F1 2.30% , BRI A T S A ber . HL T,
K FTIR H2 A FH BRI /K AR b R (B R 0 2 i e M 5 e i e I R e AR R e b

AMFFE I FTIR $7 AT B R AN /K B R0 B2 B A HL A AN ) 5 K R B R i A AR B R i 2B A T L
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1.1 =B5iRKHA

ALPHA (US4 2T AL (PR A & 528 ) ) 5 BSA224S HL KV (B2 AR08 (b aT)
ABRAE] )5 LT1001E K5 %5 B RV (R BT R AR A BRTTAE ARl ) ;3 DF-101S FE R i i A4 1
FERS O X TS A BRTEAE A ) 5 RVS e 78 R AN (7R TKA 4£1741) .

EERRIH R K B JRR I (DU TABRA ] ) s JOKBREREN . 4B — F IR SV A HH 55 T (fh
gl KA R B A 2R A IR A D) 5 KGR (bl , KT s AR A R AR 3 LRREF (48T
gl VEBE R E A BR AR ) 5 EEALER . F BRI 2B (95% ) (4B 4l , R e %Ak 2733500 il v A7 RS
Al) s BB (OrAral, R SOtk A A BRA R ) 3 ALl St (bl 25 4 L 7R A BR A
Al) s F R (30% F AW, 5 mol/L, ZeArall, B2 sa A AL R I A FRA D) 5 1E Ok (3%
afi  RHEH RS R ARG R A F) -

1.2 ZXWHE
1.2.1 FBiKERHERNTE

T JRR Y/ O K BB R I LA BT £ L 0:60~60:0 AT AR BETR A, Ll 45 61 ZUAE S o FE SR (A
21.9~161.4 mg KOH/g, LB IR & Y5 N 0~37.5%., BEHLEHL 45 ZHAE N, A EAE 4y 16 4 0K
FEE
1.2.2  BRRIEFARG 7K B AR B RS B R 48 B ZE

KRR GB 5009.168—2016 ( £ dh 2 G ARME £ rP AR RR IR ) 208 B BRI/ /K B BRI
AT H iR AL AR B S R AR G kil . AR iS55 3R R | pL(43¥ L 10:1) ;5 DB-Fast FAME £
A (30 mx250 wmx0.25 wm); AW ES (L | mL/min) ;3 PERE DRI KOG B A0S I 25 18
260 °C; FEFFTHE, BIGIEE R 170 °C, LI 2 °C/min BFHEE R ZE 210 C, 4457 20 min; SSMEAST
M4 400 F1 40 mL/min; HERE T /7 247.0 kPa.

1.2.3  BIRRHFIRE K B AR h R ENE

FREL 2 g BRI AN 10 g WK B BRI (PR B R (A, 73 e it et AR R A R 5082 ) SR 5 mL
LIREF- 2 (12:3, VIV)IRAHW S 2 mL H LS THEIVE N Z AU R A . DIERE SRR e S
BHOMBRVEA TR Li 217 40l A (I 7 i — 3
1.2.4 Bi/KERHEMAE FTIR iS5

RESR AR . KRR IRE BT 45 °C 1EIR/KIAS 30 min BARAREIR G 14); %, L4 em 195
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HERA 4000 em™ FHHZE 400 em ™!, FHIUECH 327k K SEE . 205 5B, BREEE R 3K,
1.3 HiEkhiE

X IR 43 il R T IEAC B 7 1E (Orthogonal scatter correction, OSC) . Z2ICHUS % 1E (Multiplica-
tive scatter correction, MSC) . FrifE IE 578 E 7254t (Standard normal variate, SNV ) #1F—4k (Normalize ) ikt
R S m) 8 71U (Support vector regression, SVR) . F 43 [B1H (Principal component regression ,
PCR) Filf /)N — 3% (Partial least squares , PLS )3 I X RE & B9 52 (AL HE I 3 iR 75 & S hR AR IEAR
Y3 28 CIGIER) T MR 2% (Root mean square error of cross-validation, RMSECV) . A% 43715 22 (Ratio
of standard deviation to RMSECV, RPD) | Tl #2377 #R 1% 2% (Root mean square error of prediction, RMSEP)
FPE ZE(RY) PR Horh, RPD HU{H B K, RMSECY 5 RMSEP ¥/, R* Bl T 1,3
BRCRIPERE BRI , ARG AT

R? = (1)
RMSECV = | &=t 7)) )
RMSEP 3)

RPD=%SA(1_¥R2) 4)

HA, yis yon v 20 SSIME . FROMEAIF-X(EL, n, A ne 2350 A SR AR AR IE AR AORE SRR, SD A i
Fr#fE2E . SKRH Unscrambler 10.4 F44(CAMO 28 F))XF L IRE A 4 T4 3L

2 SRS
2.1 ERRHF0REK B R H RS AR ER E R 0 #

AHIFE LA B BRI A 7K B BRI A JFUREHEA T AN [R) Bo 1) () 328 T AR ADL A ] it AR B RN L B AL R |
Fob JEORH R AR AL AN S 1 7 o BRI AG) 32BN i PR 2H i B RR VIR (87.34%) , [R5 A /i (g AR 3k
BEAV IR . SR . REASER RASHRR 35X 5 Omari 2528 A04R0E 80, K B RRIMY 32 ERE DT FR 20 BE 2t
221 BERRIH A K B IR A4 B8 I R 2H A

Table 1  Fatty acid composition of castor oils and dehydrated castor oils

AEXT 5
Refimg Relative content/%
Fatty acid BRI Tk B it
Castor oil Dehydrated castor oil
SR
ﬁ.ﬂ.]@x . 1.22 +0.05 1.36 + 0.03
Palmitic acid
i HETR
PRI 1.46 +0.06 1.51+0.03
Stearic acid
THif2
4.04 £0.17 3.97+0.04
Oleic acid * *
LA 7 i
ﬂF s {EHM . 5.63+0.23 44.88 0.07
Non-conjugated linoleic acid
- A
L - 37.460.01
Conjugated linoleic acid
BERRIIR 87.34 £ 0.49 10.24 +0.04

Ricinoleic acid
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O IMER (44.88%) . FLHE IR (37.46% ) FTEE FRIMER (10.24% ) , [Rl A & A0 B AR . 1 g R Akl
M2 55 BRI A i 1D R 2L AR B, R8T JRR TR0 1140 A o T A i 8 TR e I % S RS B8 ik 2> | 17 S 4 I iy
T AR IV P 7 15 e KRR R0 A, Ll 8 W AR AR A5 o 3k B B BRI+ ) B RV R 7 A 7 2
SR CTHBR B ) B, 43 H A R 56 ] 5 A AR I 1 1) S0 I K A s S ik A e D
2.2 FR/KERRBAI FTIR i
ST JI KRR B A BE JRR T A9 FTIR SGIE QNI 1 Fiz , 3450 em ™! oA R EEAG AR IR 04 | 950~990 cm ™!

T FBl N A I X PR Bh G . ASIFSE LA FR(E AN L HE 0 TR 5 ht s I/ B JRRA B4 /K R B AN ik
FRRE . B BRI AR BT R /K BRI B ¥R (BN, I iR & . 3450 em ™ AbAY 504 2

RS RS | Bt 2 R /KRR BT, FTIR Ol v BRI M Sl i 740 B A1 5 983, 968 11 946 cm™
b F A AU AR | BEE KRR BE TR, FTIR S i U s e B 20 1 K

3450 cm™ Hydroxyl group 950-990 cm-!

Conjugated double bond

Transmittance/%

1 N ] N 1 N 1 . 1 L 1
4000 3500 3000 2500 2000 1500 1000

Wavenumber/cm™!

I K B RRIARE it e LI AR 2T A (FTIR ) DL R

Fig.1 Fourier transform infrared (FTIR) spectra of dehydrated castor oils

ofs R B 43P /K B IRR I RE i, i) 2 L N 0 S0 Sk 8 - 5 i 4 5 2 1) R A Gk
K BAEAE R I e PR S, R S OGS R R iP5 2 =9.2905x+13.1710(R*=0.9995 ) , L4511
TR & B 5GBS T R y= —0.0249x+0.3992 (R*=0.9999) , BB FTIR H AR o] ] T 8
JERIHIE A AR rh R A AN A Il R 2 s A A
2.3 SRiETALEE

FTEBAE R ZANAPRAS . S E: sh M IR0 B 55 R B, 5 | i SRR S e s T4, 3
BERRSE MR A . PRI, T3l 2 TAR B A G B i . ARHFSE R ITAL T 4 Fh AL BE (OSC. MSC.
SNV Fl Normalize ) J5 X0 ik Ab B G BRCR , 36T PLS MY T FF S E(E-S 00 i R & 48 b i T
PR, AR REE M 45 SR L2 2.

FH S 2 A, OSC TRAL 3R 7 3@ £ T BRAE b rh JE A G T4 , A 8o T H AR daAn G (A Fn k4
S YH R B A ) R A S, S R T R B TN B R E B AL A RMSECV AH LT UG B B AR T
24.11%, RPD #2555 T 31.77% , JHE 7yl R & A A RMSECV A Eb F IR A EAEREAR T 28.17% . RPD #&
T 39.21%, Normalize 771k F2 B 5 X LM F R R o ply 4S04 i 7 25 S5 sl AR AR 0 5 | /S 1445 5568 2
B il b S B s 4e R R e YEE (N[0, 1 ]88 Ty 25 ), SCIUR RIREAR Z ]G i o B A vl bk | 3222
FHF I BR GRS s AR 45 22 f0% 22 5 S 80N (5 5 . 5IRGEHEH L, Normalize 572403 )5 5
JERA W s, BOmiA BTk SNV 5 —Fh 32 0 TORIE A i A 3 R | =2 TIHBRAE
s PRLRSURE R/ INFIDG RIS 45 R 38 5 RS A i SRR A8 R B 22 5 | DUSR T B v Pk . MSC TiiAb ¥ J7
T8 S A RE OGS 5 B S AT W 20T LA SE ARG TF , HE 5 SNV T kb 35 12 X BEAT R iR S A
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Yy B 2E 52 KOG T (A 7 5 fi B FIOCRE A AR ) TG 301 55 FUARZEL - BOAROCE . 4R, P
FPOT I XSAT SRR P BEAY S THA BR (3 2) o 5T OSC FIAL BT AR HARZ 73R i A L e fiE
(322) , AW IESE OSC ALt 3T i

2 AFEDEIETAEEL N PLS B A HUM S S 4B

Table 2 Predictive performance of PLS-based models with different spectral preprocessing

et ToUkk BT 1 I SRR T R R 22 Tt P 250 AHXT AT iR 2
Indicator Preprocessing method nPC RMSECV R’ RPD
o
E?nﬁﬁ? 7 21.555 mg KOH/g 0.7185 1.89
Original data
vz, Normalize 7 21.923 mg KOH/g 0.7439 1.85
F{H
Hydroxyl value SNV 7 20.534 mg KOH/g 0.7567 1.98
MSC 7 23.462 mg KOH/g 0.7426 1.73
0sC 7 16.358 mg KOH/g 0.8418 2.49
Lok
E?nﬁ% 7 0.057% 0.7298 1.92
Original data
S IR Normalize 7 0.058% 0.7276 1.88
Conjugated linoleic
onjugaied imoteie SNV 7 0.061% 0.6808 1.80
acid content
MSC 7 0.067% 0.6384 1.63
0sc 7 0.041% 0.8765 2.68

‘H{(Note): nPC, ?ﬁ(Number of principle components); SNV, ﬁ?‘{ﬁiﬁﬁﬁﬁg}ﬁ(smndard normal variate); MSC, Zﬁﬁf{ﬂﬂ‘ﬁﬁ(Muhiplicative
scatter correction); OSC, J‘.Eﬁ‘égf(ﬁ‘J‘&IE(Orthogonal scatter correction); RMSECV, ﬁil%iﬁﬁjﬁ’fﬁﬁeﬁ(ﬁoot mean square error of cross-validation);
RPD, HIX}43 #1122 (Ratio of standard deviation to RMSECV); PLS, fif /) — 3k (Partial least squares).

2.4 FEKRERE

A PEVEREDE R AT LI EE B RS & $RTHERIRCR . JETF FTIR JGISRAE A0, 0 E 5 AL 7
PR S P B AT BE R R4, LA OSC FiAL F )5 22 A1 PLS EAS 7 B EAR A (RMSECV . R* Fl1 RPD AT 45
b)), Hah R 2 gk 3 fis .

A 20 T RSEC 1.0 B 0.003 5RMSECV 1.0
— I r R
é" 1.6+ _ 10.8 10.8
v — 20002p ]
w 1.2 — 10.6 > — 10.6
g 9 a
) o m %
2 081 Joa £ 0.4
2 T & o001} '
%)
Z 04l o2 102
0.0 0.000
3200-3800 3400-3800 3500-3800 600-1400 800-1200 900-1000
Wavenumber segments/cm Wavenumber segments/cm™

P2 AR T UK BRI (A ) FISEHE I IR & 1 (B) B RMSECV I R?
Fig.2 RMSECV and R* of hydroxyl value (A) and conjugated linoleic acid content (B) models of dehydrated

castor oils under different wavenumber segments

FH I 2 N 3 P T, A B H ARG bn A AR, SRR R AR X A K, SR AR I B 320~3800 em ! [X 38,
R A, H RMSECY . R* AT RPD {H43 114 1.203 ., 0.9991 i133.78 , 5HE U BLAH L, RPD $25
T 9.72%L) b FEHEA IR S A R I BN 800~1200 em™!, H: R*>0.99, 51 Bt 900~1000 cm ™' A
kb, RMSECV F#K T 16.47%, RPD #2555 T 19.72%; AL T BE 600~1400 cm™ 4 FU0 o L AT $2 T,
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F 3 AFUEBE NSRRI E AL e R 5 AT Y RPD
Table 3 RPD of hydroxyl value and conjugated linoleic acid content models of dehydrated castor oils under different

wavenumbers segments

izt %3 AHXS S Hrie 22
Indicator Wavenumber/cm™ RPD
3200~3800 33.78
-
2 3400~3800 30.79
Hydroxyl value
3500~3800 25.95
600~1400 56.24
kit 800~1200 60.80
Conjugated linoleic acid content
900~1000 50.78

FUNZ I B 8 B AR BRI A SRR T HE BARE B AT (11 600~1400 em™ BYTTARMER ) . 25
b ASEIFSE 3 B 3200~3800 cm ! HT 800~1200 em ™ AE AR A Y i R & H Al B B
2.5 1RBGEFERIGIE

T PLS. PCR Al SVR 3 A vk %t OSC TiAb#5 HA7E bk vk i Be i a4t 5 B Arts britt
FTORIRAL B, 3837 HARFEARAYE A (R 4) . S5 3RH, PLS BIRIMERB IR , RS (E RN L A0 W0 vl 7 7
RERIAY RPD {43514 33.78 F1 60.80, T AE 1148 SVR 74 W4T, i PR S5 00 e & & 50k
N 7 1] S SR LR P 5 2R | SVR 13 1 2% R A S Ak FE {2 ) 20 e 2 T 2 S B 1R 0 P R R
PCR BRI FAE A PR BB 5 PLS A0S ,{H PCR B Y IL40 0 i 2 7% 1 A% B2 IR T PLS A4 . PCR
5 PLS AR ZAMTE T, PCR J5 A8 R4 W Be A5 18k F R85 88 BT (5 8., 0 PLS J5 W OGS
R EAE B R AT e DA RO A R 7 22, T PLS A5 g F5030DRG e 5 40"

4 FETOR R AR VR A MK BE BRI (AN LA Y ik R 5 e AR P25 SR Y L 4K
Table 4 Comparison of predictive performance of hydroxyl value and conjugated linoleic acid content models of dehydrated

castor oils with different modeling methods

. TN . SO A UER 7 AR . " .
Eiz12 AT T ETR -~ ;%ﬁ TP 2B AR TR 2E
Indicator Modeling method nPC Index R’ RPD
RMSECV
PLS 2 / 1.203 mg KOH/g 0.9991 33.78
BAE
PCR 2 / 1.205 mg KOH/g 0.9991 33.74
Hydroxyl value
SVR[C, G] / [ 10, 0.0003 ] 4.262 mg KOH/g 0.9900 9.54
PLS 7 / 0.002% 0.9998 60.80
. ’\%mmiﬁ" n PCR 1 / 0.002% 0.9997 53.90
Conjugated linoleic acid content
SVR[C, G] / (2154, 0.0010] 0.010% 0.9955 11.46

#(Note): PCR, F4rMIH (Principal component regression); SVR, SZHF[A] 5 M5 (Support vector regression)o

K i HARTEbR 098 SRS 16 AN [ 7K R B B RRIHRE (b 21 A7 38 (R S 0 T 9o 2 % 4 Y030
(3 2 5) , LA IEA AL () e PE AR e vE . i IE 3 AT, PLS dAEE ST 1Y B ARTE bR AL T 1 i B
£, H: RMSEP {E4¢ SVR ¥E FNRE B 43 ) & H2 5 1 73.88% 41 87.32%;  HAREFRAY PCR AR A i v ik
5 PLS A0 SVR AR A FNNRE K T PLS A PCR AL, X B /K B bR 2 (AN IV ek 6 () )
FEAH S TN 2 18] () - 4 A R 224 %(i’% S)A LR B, FRAE AP0V IR 2 /(1) PLS 1 PCR T 45
FHZEA I, F/INTRER (9 SVR FMZE 5 o 3ci36 0 FTIR K605 7K B8 R 58 (1 Fn L 40 0 T R & f 2 T 1700
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SRR A K B RRIHIRE i F2 (B (A~C) R IR 5 i (D~F) (1 T 45

Fig.3 Prediction results of hydroxyl value (A—C) and conjugated linoleic acid content (D—F) of unknown

dehydrated castor oil samples by different models

#5

RIS A T PR TAHARE it 0 (LA A0 I T R 5k 000 (-5 PO ) ) P BT AR O 5 2

Table 5 Average relative error between measured and predicted values of hydroxyl value and conjugated linoleic acid content of

unknown dehydrated castor oils

I {5 S 8] ) PSR X 1 2

i
iRbn Average relative error between the measured value and the predicted value/%
Indicator
PLS PCR SVR
YA
= 1.07 1.07 5.60
Hydroxyl value

VLR 0.81 0.81 4.79

Conjugated linoleic acid content
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3 #it

AR FE LA B ORI G /K B JRRH o JRURHIEA T 52 O A HUUAS ) 0 K Rt R A A R 32 R i, % LA
FTIR 94, I 45 G b2 P oG B A fh il e Bs e 7 SN 3L, 857 B AR B 14 Rk Tt 45
W SRR AW 1 0SC, LT P R AL R* 43311k 0.8418 F10.8765; etk BL 451k
3200~3800 cm " 1 800~1200 cm ™, H: RZ 4351124 0.9991 10.9998; FefEEAR 770 PLS, H: R2 73311124 0.9991
H10.9998. AMFFTHENT 1 FE(ERIHAE T IR % SR A B A BE S A SO I K BRI (PR RE .
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Rapid Monitoring of Hydroxyl Value and Conjugated
Linoleic Acid Content During Dehydration of Castor Oils
Based on Fourier Transform Infrared Spectrometry
Coupled with Chemometrics

YAN Feng-Dan, WANG Yan, LI Wen-Long, XU Pan-Pan, PENG Dan, LI Jun"
(Food Engineering Technology Research Center/Key Laboratory of Henan Province, Henan University of
Technology, Zhengzhou 450001, China)

Abstract The hydroxyl value and conjugated linoleic acid content of dehydrated castor oils are two important
indicators that reflect its properties. Thus, monitoring the two indicators can better realize the industrial production
of high-quality dehydrated castor oils. However, traditional chemical measurement methods have many
disadvantages in determination of the two indictors, including large reagent consumption, long determination
time, and cannot achieve rapid monitoring. Fourier transform infrared spectrometry (FTIR) is a new and non-
destructive detection method that is low-cost and can achieve rapid detection. In this work, FTIR technique was
employed to collect spectral information of dehydrated castor oils and analyze the relationship between FTIR
spectral information and hydroxyl value and conjugated linoleic acid content, and a rapid detection method for
detecting the property indicators of dehydrated castor oils was thus established. FTIR scanning was performed on
dehydrated castor oils with a hydroxyl value of 21.9-161.4 mg KOH/g and a conjugated linoleic acid content of less
than 37.5%. Among different preprocessing methods, orthogonal scatter correction (OSC) could improve the
prediction accuracy of the resulting model, by which the optimal modeling data segments for hydroxyl value and
conjugated linoleic acid content were 3200-3800 ¢cm ' and 800—1200 em ™', respectively, and the optimal modeling
method was partial least squares (PLS). The coefficients of determination of the optimal models for hydroxyl value
and conjugated linoleic acid content were all above 0.99.

Keywords Fourier transform infrared spectrometry; Dehydrated castor oils; Hydroxyl value; Conjugated linoleic
acid; Chemometrics
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