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Quantitative Analysis of Acid Value, Iodine Value and Fatty

Acids Content in Vegetable Oils by NIRS
Jae—Kwan Kim" »+ Ok-Kyung Choi * Sun—Il Hwang * Jin-A Jeong * Yun-Sung Kim
Sin-Hee Park « Mi-Hui Son * Hye—Jung Kwon - Jung—-Bock Lee * Jong—Chan Kim
Gyeonggi-do Institute of Health and Environment

Abstract

The possibility of rapid quantitative analysis of AV(Acid Value), [V(Iodine Value)
and fatty acids in vegetable oils with NIRS(Near-infrared spectroscopy) was
evaluated. A calibration equation calculated by MPLS regression technique was
developed and correlation coefficient of determination for AV, IV, Ciso, Ciso, Cisa,
Cisz, Cigs, and Caoo content were 0.9727, 0.997, 0.9805, 0.942, 0.9987, 0.9994,
0.9966, and 0.975 respectively. According to the data obtained from validation
study, R? of contents of perilla, corn, soybean, rapaseed oils were 0.897, 0.993,
0.935, 0.707, 0.994, 0.996, 0.984, 0.798, SEP of contents of 0.185, 1.367, 0.899,
0.640, 1.498, 1.360, 0.476, 0.076 by MPLS. The results indicate that the NIRS
procedure can potentially be used as a non-destructive analysis method for the
rapid and simple measurement of AV, IV and fatty acids in vegetable oils.
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Aot FEEEE AFAVE 74, FTUNE
497, 571§ 394, £¥YrF 334,
ANEHGHE) 347, TEANHF 334, v
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A, Fo# 478, IR F 20, EFF 3
A, AANEHA 2 34 A4 14, 7E
2884 37A%F & 15%F 22678 U2
2 33

2. N & 77
AWt methyl
stearic acid, oleic acid, linoleic acid,

ester(palmitic acid,

linolenic acid, arachidic acid)EEEF2
£% 99%A%(Sigma Co., USAYS A&
sdgon 1 29 o3ty JREA A}
€8 A% HPLCE % S3IANY
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Table 1. Conditions of scanning parameters

Detection mode Liquid transmission

Sample cell Vial, 8x40mm
Temperature 60T

Attachment profile  Liquid analyzer
Wavelength 400~ 2,500nm
Spectrum 1,050 data points
Scanning Reference revs. 16

Sample 1

Sample revs. 32

Table 2. Analysis condition of GC

Detector FID(Hewlett Packard, U.S.A)
SP™-2560 capillary column

(100mx0.25mm*x0.20m film)
Ny 1mé/min
Air : 300m¢/min
H; : 30m{/min
Split ratio : 1/50
Temperature Injector : 230T

Detector : 230TC

Oven

Column

Gas Flow
Rate

230°C

180C for 10min

for 20min  5C/min

Im. 23t % 03

1. o185 £423
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7ZF A&fA9 AV 9 VY EAS
Table 39 YeblAh Zb A &FXo] ot
@ ¥ #e veded AVY B¢ 2
FRH 1.27 1.7, 718 0.0170.11, &
718 0.0770.21, €28F 0.0870.94,
=g 0.0270.11, % 0.0570.07,
EEHAH 0.0670.18, E9H 0.270.5, 3
vzl 0.0470.36, #FElH 0.237 3.5,
I H 24700, FF 0.0871.5, 7]
B2 843 0.0870.38, AAIETHFA
0.07, £3¢ 0.1022 eyt AR7E
A 2 FIHE AYT 4 AL/AY
Ba¢e 77+ 1.4, 0.06, 0.11, 0.51,
0.06, 0.06, 0.12, 0.34, 0.13, 1.1, 0.1,
1.4, 0.69, 0.172 Jelgt. nF:HF9
Zo] Mol AZ A&fHAA AVIE H]
TFH A Jeigon e Mug b
t A4fAdAM H2d A Jede 2
g Btk olF Auietrlfet o
A Ztzh 17he) FEAVESE 2H3E AL
2 Jeht oF 0.88%9 RALESL Yed
o Yo FEHA AEF/FEoR A
254 ¥ AFANMY AV RAFLS
9 =8 @AAoE B dAFdA REHFS
2 339 AEL K5 EAN dE
=9k 53] Fvfo A9 &4

do o
o

Flr o oo (W
)
N
)
Pk
o
fr
—{ l
Y
fo
4
Sh?

R34S 133.57138.1, 715 124.
17137.1, 55718 116471271, &8
B& 76.1787.9, JtEeht 112.17122.2,
B4 52.1756.9, LEXF 126.1~144.9,
#w)§ 101.07108.7, sukakzl4 80.17
134.5, g 83.47133.3, ZuAH
118.17119.4, % 149.6 "~ 156.7, 71€}
Alg.ez 90.47132.3, RAEHA 98.3,
234 14092 1—}E}k&°uﬂ sHutetr]#-9
3% ngadautErFE AlLEH 126,
67134.59 & L}E}lﬂ%it}. AA7FEFA
2 3348 Ade 4 HER/AY 1V B
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Table 3. The Comparison of AV, IV and
fatty acids in vegetable oils
A cidlodine

24X B¥FHE wa B o) 1} ___value value
BT Table 4 R fig 1& 2 Ag4x N M. 12 198
o AL 24 R APL BEFY Z= Lo VY 1353
see 1 . .
MEIRE Yeld AS=Z  Cueo, Cigo, Soybean Min. 0.01 124.1
Cig1, Cigz, Cigz, Cono®l &4 FEH-foll oil Max. 0.11 137.1
NE 134717.3%, 2.2725% 8.0~ M?an 88?{ ﬁgi
9.2%, 71.1~ 74.8%, 0.31~0.63%, 0.29~ Corn ol M;‘; 091 1971
0.35%% HA#HS 474 14.3%, 2.4%, Mean  0.11 121.9
8.8%, 74.0%, 0.40%, 0.32%= ‘telxto), Min. 0.08 76.1
F718AME 11.1712.9%, 3.875.4%,  Olive oil  Max. 8-9‘i g;-i’
20.8727.7%, 51.6~55.5%, 4.2~ 7.8%, ﬁﬁf‘“ 0‘82 o
0.347042%=2 HIgL 2474 11.9%, Canola oil Max.  0.11 122.2
4.7%, 23.3%, 54.1%, 6.1%, 0.38%2 L} Mean  0.06 117.3
Ehyte}. Min. 0.05 52.1
Palm oil Max. 0.07 56.9
Mean 0.06 53.3
Nk Grape Min, 0.06 126.1
Seed oil Max. 0.18 144.9
" €ed O Mean  0.12 135.0
. Brown rice Min- 0.2 101.0
N g ¢ 1 Max. 0.5 108.7
| ;1 o Mean  0.34 104.5
. AR Min. 0.04 80.1
. l él H S,‘i“ﬂm”er Max.  0.36 134.5
LA L o Mean  0.13 122.4
M Si— : Seasoning M- 0.23 83.4
. Max. 3.5 133.3
1. Palmitic acid, 2. Stearic acid, 3. Oleic oil Mean 1.1 115.3
acid, 4. Linoleic acid, 5. Linolenic acid, 6. . Min. 2.4 118.1
Pumpkin
Arachidic acid d oil Max. 3.5 1194
Fig. 1. Chromatography of fattt acid i Seed O Mean @ 2.9 118.7
e. 1. Chromatography of fattt acid standards. Min.  0.08 149.6
Walnut oil Max. 1.5 156.7
54718 11.8714.6%, 2.0~ Mean  0.69 152.1
2.7%, 27.77 32.4%, 49.9756.2%, 0.35~  Other Min.  0.08 90.4
1.9% 0.39~052%2 HFFe 7_]-2.]- vegetable Max. 0.38 132.3
o ) = i Mean  0.17 111.9
12.9%, 2.2% 29.9% 53.9% 0.92%, 28

0.45%2 et EPBFHE 106~
24.3%, 2.876.1%, 357~ 77.8%, 2.3~
22.2%, 0.4870.82%, 0.37~0.78%=%
&% 27 13.9%, 3.9%, 70.5%, 8.0%,
0.63%, 0.45%% YJelRth JhEalfolA

HetAME X K222 48

= 46789%, 2.072.7%, 45.7762.3%,
21.0736.6%, 5.9710.1%, 0.5970.64%
2 BE@ge 47 55%, 2.2%, 58.9%,
24.8%, 8.4%, 0.2%2 el%Th FHolA
T 4487459%, 4.574.6%, 3697
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37.4%, 9.379.7%, 0.1470.17%, 0.36~
0.38%=% BA#%e Z47t 453%, 4.6%,
37.1%, 9.5%, 0.16%, 0.38%= \}ebwt.
E=NFodME 6.979.7%, 3.675.4%,
14.9727.6%, 58.7773.7%, 0.18~
0.88%, 0.1670.39%% Hage Zzt
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0.42%, 0.70%= ‘tebwtth. sulelr)fol
e 3.8768%, 3.4753% 2477
87.4%, 5.0 64.9%, 0.14~0.94%, 0.26 ~
0.34%% AL 44 6.2%, 4.0%,
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o}, RN 9.8715.9%, 2.4~ 4.8%,
19.0776.5%, 6.8~ 57.4%, 0.73713.8%,
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Wk SRRSOl e 1377 14.2%, 6.5
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670.59%, 0.3°05%= SHFge Zz
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Table 5. Conditions of the first
derivative
Math treatment 1,4, 41
derivative 1st
gap 4 nm
smooth 4 point
second smooth 1 point

Scatter SNV and Detrend

Table 6. Conditions of calibration
curve for vegetable oils

Cross validation groups 4
Maximum number of terms 16
Number of outlier elimination 3 ~
passes 5
Missing data value 0
Critical 'T" outlier value 25
Critical 'GH’ outlier value 10
Critical X' outlier value 10

FEZLAFHMPLS regression) 2
A" AFAL Table 75 2t #A 9
Z83% 4971 520 AVE R¥(Coefficient
of deter mination)gke] 0.9727, SEC(Standard
Error of Calibration)& 0.0553, SECV(Standard
Error of Cross Validation)+ 0.08562.2 1}
Bt HluA AR AFHAE 48 F+ 3
Aok AFAL AZT d3 AVE Rglol
0.897, SEP(Standard Error of Prediction)
¥ 0.185, SEPC(Standard Error of

et dats Xl M223 45

saE - 2018 - AHE - OFS - ABR

Prediction Corrected for bias)& 0.188,
bias 0.0172 ‘iebgch. AFAY R*gtel
0.990| 322 Yeid AL s A A
E AFHoz wags ded AV R
o] ol 1 o3z JEld AL HIFIAZ
Aol Algd A8 AVEY W7 0017
352 "z Fu 53 dRE AR
AV7} 0.201812 ved R 7|dgd, A
Z0ewe R? g4 0.9 olgtz A e
g oy IUNIEHR LFAI|IEF
7198 Aoz A8 79 ojHF dEd
A ALE Age 7 HAm =3}
AsHA ZA= o] glo] A yelgth 28
1} olAL At AEFHS e R @
< 0.9322 Jehy A 49 48 o
AVZF 0.2018t2 9/ velve g
0501402 Uehie A&/X9 HAZFA
£ Ao AFPste Aol aRFYoF
Bten BEXoaE Zol7] $F A&
Ql A5 Yulo)lEr} HAa¥ HAoE AR
H}

IVE R%3te] 0.997, SECE 1.0854,
SECVE 1179322 Yehgon nzAz
g olg3l ABAe AFT A ROl
0.993, SEP¥ 1.367, SEPCE 1.390,
biasE 0.0822 elgoh. @AM R’
o] wl$ FA Jeld AL AL&FAY IV
W97t 52.17156.72 EXEUE W) o
2oln] AV @i A5 MHd & 4%
£ ¥x gE Aoz yeRd. Ive AW
o) B¥3IEE mdd & e Fag
FgEol} APAY SH=r oA A$
QA7 AA YehdE dAde] gduk. oy
AP AFAL L5 IVE =2 A
ddoz aRHog Y 5 UYe Ao
2 Jehgth
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Table 4. The Comparison of AV, IV and fatty acids in vegetable oils

Item

~ Cio Ciszo Cis1 Cisz Ciss Cuoo SFA PUFA UFA
Vegetable oils
Red Min. 134 22 80 711 031 029 158 717 798
pepper Max. 173 25 9.2 748 063 035 202 751 842

seed oil Mean 143 24 88 740 040 032 167 744 833
Min. 111 38 208 516 42 034 156 560 816
Max. 129 54 277 55 78 042 184 629 844
Mean 119 47 233 51 61 038 166 602 834
Min. 118 20 277 499 035 039 140 510 822
Corn oil Max. 146 27 324 52 19 052 178 577 860
Mean 129 22 299 539 092 045 148 535 87
Min. 106 28 367 23 048 037 146 22 401
Olive oil Max. 243 61 778 222 082 078 312 227 84
Mean 139 39 705 80 063 045 181 86 791
Min. 46 20 47 210 59 059 66 246 8338
Canola cil  Max. 89 27 623 366 101 064 111 438 933
Mean 55 22 58Y 248 84 0.2 80 332 920
Min. 48 45 369 93 014 036 495 466 99
Palm ail Max. 49 46 374 97 017 038 507 474 101
Mean 4653 46 371 95 016 038 500 470 99
Min. 6.9 36 149 587 018 016 110 581 846

Soybean
oil

grage . Max 97 54 276 737 08 039 154 740 889
cec ol Mean 80 41 204 669 038 024 122 673 878
Brown fice M. 154 18 403 225 04l 062 173 229 636

Max. 181 21 436 275 043 074 209 278 685
Mean 171 20 419 249 042 070 195 251 670
Min. 38 34 247 50 014 026 76 53 8715

oil rice-bran

(S)illmﬂ"wer Max. 68 53 874 649 094 034 125 617 924

Mean 62 40 369 525 047 030 104 527 897
Seasoning M- 08 24 190 68 073 034 123 84 801
o Max. 1569 48 765 574 138 043 199 642 877

Mean 11.7 40 393 399 47 04 161 446 839
Pumpkin Min. 137 65 209 573 059 030 207 788 579
Max. 142 67 211 578 036 050 212 793 582
Mean 140 66 210 576 048 040 210 790 580
Min. 6.8 26 148 604 116 0 96 722 892
Walnut oil  Max. 7.8 289 181 611 133 0 108 744 904

Mean 7.3 28 169 608 122 0 100 730 900

seed oil

Other Min. 9.8 25 222 68 091 034 123 203 801
vegetable Max. 159 45 670 544 138 041 199 616 877
oils Mean 121 39 430 337 71 037 162 408 838
Cigo : Palmitic acid, Cigo @ Stearic acid, Cig1 - Oleic acid,
Cig2 @ Linoleic acid, Cigs : Linolenic acid Caoo  Arachidic acid,
SFA : Saturated fatty acid, UFA : Unsaturated fatty acid,

PUFA : Polyunsaturated fatty acid
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Table 7. Results of MPLS analysis for determining the acid value, iodine value and

fatty acids

Item Calibration Validation '

RSQ SEC SECV RSQ SEP SEPC Bias
Acid value 0.9727 0.0553 0.0856 0.897 0.185 0.188 0.017
Iodine value 0.9970 1.0854 1.1793 0.993 1.367 1.390  0.082
Palmitic acid 0.9805 0.4304 0.5038 0.935 0.899 0999 0.108
Stearic acid 0.9420 0.2536 0.2761 0.707 0.640 0652 0.005
Oleic acid 0.9987 0.7769 0.8595 0.994 1.498 1513 0516
Linoleic acid 0.9994 0.5780 0.6463 0.996 1.360 1379  0.131
Linolenic acid 0.9966 0.1871 0.2177 0.984 0476 0.48 0.010
Arachidic acid 0.9750 0.0217 0.0279 0.798 0.076 0.080 0.004

MPLS : Modified Partial Least Squares
SEC : Standard Error of Calibration

SEP : Standard Error of Prediction

SECV : Standard Error of Cross Validation

SEPC : Standard Error of Prediction Corrected for bias
Bias : Difference between reference and NIR values

WA F  palmitic acidE  R%gtel
0.9805, SECE 0.4304, SECVE 0.5038
2 Jeigen #&F¥ A3 R® 0.935,
SEPE  0.899, SEPCE 0.999, bias:
0.108& uehgrh Stearic acids R?
0.942, SECE 0.2536, SECVE 0.27612
Yelgon A%% A3 R 0.707, SEPE
0.640, SEPCE 0.652, bias 0.005¢])%1t}.
Oleic acid® R® 0.9987, SECE 0.7769,
SECVE 0.85952 uYExon FAZd 2
# R® 0.994, SEPE 1.498, SEPCE
1.513, bias 0.5162.2 eltt}. Linoleic
acid® R? 0.9994, SECE 0.578, SECVE
0.646322 YJelgeon, #3¥ Az R®
0.996, SEPE 1.360, SEPC: 1.379,
bias 0.13122 e}t Linolenic acid
= R®* 0.9966, SECE 0.1871, SECVE
0.21772 uveigen HAFd ZAd R
0.984, SEPE 0.476, SEPCE  0.486,
bias 0.012 uYEWTE Arachidic acide
R® 0975, SECE 0.0217, SECV:
0.02792 dJegew AFE Ax R
0.798, SEPE 0.076, SEPCE 0.080,

het Mets Xl M22& 43

bias 0.0042 uyepxth. g9 At
oA vmy gAY AHRE JEALY
stearic acid®} arachidic acide HAEFHE
o NF =7t d A JdER, AErt
34 Yehd olfre ZURIIEH S5
59 ABEF FAQ] dEQQY S A
BEE X W A ¢ & A=
ed AoR wuE F4dd HFA
A9 EAHGrbAE E8o] 7T
o= e

Fig. 27 9% o|3}34 EAZAHAE vT
o2 MPLSE o]t Y AFHes
AZE9E AV 071.54, IV 51.47180.1,
palmitic acid 07 30.9%, stearic acid
0.2376.7%, oleic acid 0797.2%,
linoleic acid 07 108.3%, linolenic acid
07121% 283 arachidic acid 07
0.82%=% et A&fAd wa AV,
IV 2 AWt =4% FZ54¢] =348
t27]) w&e] Zt FBFAHvlth data points
7t 27 3% EYSE AFE Jehiz 9l
om olome}l HAFAo2 FFH 5 e
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Fig. 1. calibration curve for acid value
in vegetable oils using MPLS.
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Fig. 3. calibration curve for palmitic acid
in vegetable oils using MPLS.
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Fig. 5. calibration curve for oleic acid in
vegetable oils using MPLS.
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Fig. 7. calibration curve for linolenic acid in
vegetable oils using MPLS.
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Fig. 2. calibrmation curve for iodine value
in vegetable oils using MPLS.
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Fig. 4. calibration curve for stearic acid
in vegetable oils using MPLS.
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Fig. 6. calibration curve for linoleic acid
in vegetable oils using MPLS.
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Fig. 8. calibration curve for arachidic acid
in vegetable oils using MPLS.
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Table 8 Minimum and maximum errors
with the NIR spectrum data
and chemical assay data

Item Min Max
Acid value 0.0 0.77
Iodine value 0.01 29
Palmitic acid(%) 0.05 29
Stearic acid(%) 0.01 2.2
Oleic acid(%) 0.18 25
Linoleic acid(%s) 0.07 35
Linolenic acid(%) 0.01 1.7
Arachidic acid(%) 0.01 0.19

3. olzEAQd EAEI ZFHAEAHYEY

2 2}v)w

Table 82 AFE A|RZTANA YR
FENFA 9 Anel AFFAPe=R
FY3te d& AAE uBoE HAA
2 HUeAE v vad ALE AVY
A AEHAY Fole HAa 0.0, A
0.7701%2H, IVE 4 0.01, Ad 2.9,
palmitic acide #H2& 0.05%,dW 2.9%,
stearic acid € H4 0.01%, AN 2.2%,
oleic acid ¥ #2& 0.18%, Ad 2.5%,
linoleic acide #2A 0.07%, 4 3.5%,
linolenic acid¥® 4 0.01%, W 1.7%,
arachidic acide 4 0.01%, 9 0.19%
2 veistt. 38 5 Ad¥e g7
2ol & vl A AP Ao]E AV
9] A$E= 0.0201%ed, IVE 0.08,
palmitic acid¥ 0.11%, stearic acide
0.01%, oleic acid¥ 0.19%, linoleic acid
+ 0.13%, linolenic acid® 0.01%=2
arachidic acid= 0.004% ety Z+z}e)
AA B4 FAoje vie AL Aoz v
Bl AVE H 23 AR EA bz
£ 2AE Rolx glov ol ABA FAA
Al Alge 47 ALY Zuby, 2LgAks)
| f, 1371 o3 RoR o)y
3 YL AR 7 FUMFLEA HA
AT + Y& AoE dodEth HAH
A% AV, IV A@Ro] Alge] AFFo|

Hetei M3 X M223 45

Sals - 08 - Aoy - 03T - AFE

U FRFAA @A #dRo] Fo
2 A3 F2 EAYE =233 Sie A
& ZeEtd B AFPAAY 2a= AA
FAZ HA €& A2 AsdY. 39
HE, mlep7td F9 FAEY 7HeAE Z
EdRout FEHZF ol o]& AAYH
of 3tz EAIZ A & ATdAE A
AR 2 479 A3 2H90 £FE
Hoz gAIZ el AV, IV, A4 659
gFe SA%q HEAYERAY FES
A& gt F Qe 7FeAol AN
o 23 AR FEE 8L
A7t Qe ALE YEEH.

v. 28

3 EFEAYPE o)&do HE
AX/L-5A9 AV, 1V, A¥H(palmitic
acid, stearic acid, oleic acid, linoleic
acid, linolenic acid, arachidic acid)& &
g F JFE PEe AdEy e 2
ARE A

1. /ied A9 R’ SEC, SECVae
AV7} Z+2} 0.9727, 0.0553, 0.0856, IV
0.997, 1.0854, 1.1793, A%t F palmitic
acide 0.9805, 0.4304, 0.5038, stearic
acid¥ 0.942, 0.2536, 0.2761, oleic acide
0.9987, 0.7769, 0.8595, linoleic acid+
0.9994, 0.578, 0.6463, linolenic acid&
0.9966, 0.1871, 0.2177, arachidic acid<
0.975, 0.0217, 0.02792 YEl} AAHE
AFAE A

2. AFAS #5% 2% R’ SEP, SEPC,
bias & Z+4 AVelA 0.897, 0.185, 0.188,
0.017, velA 0.993, 1.367, 1.390, 0.082,
palmitic acidelA 0.935, 0.899, 0.999,
0.108, stearic acidlA 0.707, 0.640,
0.652, 0.005, oleic acidollA] 0.994, 1.498,
1.513, 0.516, linoleic  acidelA 0.996,
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1.360, 1.379, 0.131, linolenic acid 0.984,
0.476, 0.486, 0.010, arachidic acid oA
0.798, 0.076, 0.080, 0.0042 JE}sit}

3. TAAHAEFEAYF o)A EMY
o] e zole AV 0.02, IV 0.08,
palmitic acid 0.11%, stearic acid 0.01%,
oleic acid 0.19%, linoleic acid 0.13%,
linolenic acid 0.01%% arachidic acid

0.004%=2 ehstet
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