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Identification of various vegetable fats and oils

Hiroshi INOUE*, Yuumi KAWASHIMA*, Yoshitsugu MATSUMOTO¥* and Yukihiko YAMAZAKIT*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In this study, we esterified fatty acids in vegetable fats and oils by five different methods and compared the esters by gas

chromatography (GC). As a result, it was found that the sulfuric acid-methanol method and potassium hydroxide-methanol

method would be more adequate methyl esterification methods for GC fatty acid determination. We further tested a regression

analysis with the obtained fatty acids compositions for identification of vegetable fats and oils and confirmed its usefulness.
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221 GC
SINTHEE  Agilent6890N  (Agilent Technologies)

WESME : 7Z 5 HP-INNOWax (30 m X 0.25 mm X 0.25 pm)
Xy UT—HA ~UTL (He
HEAR 1l
27U v b 501
HEAMRE 250C
F—=7RE 210°C (9min) - 10°C/min - 230C

(20 min)

Fritds  KFRA T vkt (250°C)

2.2.2 GC/MS
SINTHETE : Agilent6890N+5975 (Agilent Technologies)
HIESM: : 2 A HP-INNOWax (30 m<0.25 mm X 0.25 um)

XY U7 —HA ~UDLA (He)

HEARE 1pl

A7V v b 501

HEAMRE  250C

F—7 8 210°C 9min) - 10°C/min - 230°C
(20 min)

A B —T = AE 250C

A A UPHIRE 230°C (WEMRE : 150°C)

0.7 ml/min

0.5 ml/min

2.3
2.3.1 —

R lg #=A7 TR, Filg- MLy - A% —)L
W (Mvmyi A& ) —=1:3 (vol.) R4 230 ml (ZHERREE 2
ml Z % %.) 60 ml ZMx THEET 5, WHEEE DT TMEL
2.5 RefHbiS S &7tk WAL, SkiR=HIB LK 100 ml 2002
%, fEEAH=—7 v 50 ml & FHVC 2 R T2, iRz S
DAL fEDK 20 ml Z AV THES L 727K 7S BPB f~# (BPBO.1 g
& 0.02 mol/l KEE{b T R YU 7 AERHE 7.45 ml 27K T 250 mliZ A AT
v 7T 5,) TEHMEEZ RIS D ETHRIFEEY KT, Aille—
TOVRIBIT MK Y O A TR L2, o—% U —2 3R
L—&—Z LV RAIERET 5,

2.3.2 BFs;—

A0S g A X =AT7 T A2zl Y, INKOH- =4 /) —
SR 50 ml Z M2 TEMN L, WAZINzzob, BiRmisss
OUF T TR 1 IERIINEA S5, VL) 50 ml o7k Z N
2Ty DRI LAND, WAMINERE THALZDOL,
EAHT—7 030 ml ZMMXTIRE S L, AM=—T VEs 2
BB 5, KBS IN HHEEZ A BEIC L0 b, ERfAik—
—7 K30 ml 2 VT2 BT 5, HIHREZ S, EAKT
fg R U LEBDEIMZTHAE, TOK20 mlZ=H7 7 X2
IZEV ., ZHIC BFs - A% ) —WVRIR (7 (bR UH#R =T
T—F VA X ) — =12 (vol.)) 10ml %, BFHHER
TP TR 10 43I . 76K 50 ml %002 Tk <t
B L, Al=—7 120 ml 22 CHLIEE S L, FE%
T2, BFOUKBIZAH=—7 /L 10 ml 20, [FERISHH L,
SoF#ELESbE, B—2 ) =T R L —F—(T L) I A R

*£75,
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— Jocs 1

AREHI 50mg 2 =47 7 A=3(2E D 05NKOH - A% J —)ViE
"1 mlZ2MNZ 25, mHEE ST T, 5-10 oK ETNET 5,
WHEIEE EE23 5 BF; - A%/ —/VEIR 1 ml #1252 50tk
A Sml FHERR EENLINA. EHIC 1 iET S, 7T
A EBEHEN DAL, ~FHUER T T A aOBEHIET L FE
THALT N Y U AR E N D, SV U EE E— S —IT
BL., BKEERT N U LAEINZ D,
2.3.4 m-TFPTAH

B INEARE L, B LTI Leob, 20K 10mg &
NATIVRIZED , 2 b= 05ml M2 TRAT D, 2
AUZ m-TFPTAH 0.2 ml ZN 2 THER L, L<IREE L THOLERIC
15 HES %,
2.35 KOH—

BRI 100 mg 2 =47 T 2A22E Y 2 ml OFMT—T )L -
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X ) — VIR 2 ml &Nz CER T X IRE.S - 10 oMErET 5,
FHE%, AREN T 7 A a0 EICET 5 E TEAREKEMRZ 5,
BHEFE DB > T B AITITTZ ) —v & 2 - 3N 5, AHkE
Ee—h—l2b ), BOKEEET MY v AEINZ D,
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standard fatty acid methylester

Sulfuric acid-methanol method

BF3-methanol method

BF3-methanol method of JOCS

A A
<« hydropyrolysis of m-TFPTAH
TN -
| N

2 4 6 8 10 12 14 16 min

m-TFPTAH method

KOH-methanol method

Fig.1 Comparison of the gas chromatograms of soya-bean oil prepared by five
different methyl esterification methods and of standard fatty acid methyl
esters
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1 : fatty acid ethylester

Fig.2 Gas chromatograms of fatty acids in soya-bean oil in ester form, obtained
by three different esterification methods
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Table 1

ﬁ Sulfuric acid-methanol method

1

N KOH-methanol method without ethanol

2 4 6 8 10 12 14

16 min

1 : fatty acid etylester

Fig.3 Comparison of the gas chromatograms of fatty acids in soya-bean oil in
ester form, obtained by sulfuric acid-methanol method, KOH-methanol
method and KOH-methanol method without ethanol
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Substances detected by GC/MS, GC peak strength and experiment time, in five different esterification methods, with esterified soya-bean oil as the sample

method The detection of GC/MS GC peak strength Time (minute)

Sulfuric acid-methanol solvent, fatty acid methylester High 180

BF;-metnanol solvent, fatty acid methylester, fatty acid High 120
ethylester

BF;-metnanol of JOCS solvent, fatty acid methylester Weak 20

m-TFPTAH solvent, fatty acid methylester, Weak 20
hydropyrolysis of m-TFPTAH

KOH-methanol solvent, fatty acid methylester, fatty acid High 20
ethylester
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= Sunflower oil
4.00 8.00 12.00 16.00 20.00 24.00 28.00 min
B Safflower oil
l ‘_‘A Ll
4.00 800 12.00 16.00 20.00 24.00 28.00 min
% Cotton-seed oil
e = 2 a
A Y B
4.00 8.00 12.00 16.00 20.00 24.00 28.00 min
“ Coconut oil
I
4.00 8.00 12.00 16.00 20.00 24.00 28.00 min
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Low erucic acic rape oil

400 800 12.00 16.00 20.00 24.00 28.00 min
3
o Linseed oil
16.00 20.00 24.00 28.00 min

400 800 12.00

Sesame oil

1
4.00 8.00 12.00 16.00 20.00 24.00 28.00 min
Rice bran oil

4.00 8.00 12.00 16.00 20.00 24.00 28.00 min



BIBLTRSTBTATR 5 51 5 11

18:1

Almond oil

L 16:0
18:0

=

L 182

4.00 8.00 12.00 16.00 20.00 24.00 28.00 min

Macadamia nut oil

18:1

16:1

[}
ht
o ol oS —
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4.0
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18:1

Hazelnut oil

L 16:0
18:0
182

A

.

400 800 12.00 16.00 20.00 24.00 28.00 min

Walnut oil

18:2

18:3a

18:0
—18:1
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Sacha inchi oil

18:3a
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L l AA
4.00 8.00 12.00 16.00 20.00 24.00 28.00 min
Camellia oil
4.00 800 12.00 16.00 20.00 24.00 28.00 min
Perilla oil
4.00 8.00 12.00 16.00 20.00 24.00 28.00 min
= Hemp oil
Jg
L ‘ ‘_‘AA l :\:N
4.00 8.00 12.00 16.00 20.00 24.00 28.00 min
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18:2

Grape seed oil

= 16:0

4.00 800 12.00 16.00 20.00 24.00 28.00 min

5 Avocado oil
: 1 .
4.00 8.00 12.00 16.00 20.00 24.00 28.00 min
Evening primrose oil
L l iy

400 800 12.00 16.00 20.00 24.00 28.00 min

Argan oil

18:1

18:2

16:0

A

4.00 8.00 12.00 16.00 20.00 24.00 28.00 min

Fig. 4 Gas chromatograms of fatty acid methyl esters from various kinds of vegetable fats and oils, obtained by KOH-methanol method
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Table 2 Ratio of fatty acid compositions in each vegetable fat and oil
(unit:%)
Fats and oil 8:0 10:0 12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3y 18:3 20:0 20:1 22:0 22:1 24:0
Soya-bean oil 0.0 0.0 0.0 0.1 10.2 0.1 39 243 51.8 0.0 83 0.4 0.4 0.4 0.0 0.1
Ground nut oil 0.0 0.0 0.0 0.0 11.5 0.1 2.8 44.2 32.8 0.0 0.2 1.4 1.5 33 0.2 1.8
Olive oil 0.0 0.0 0.0 0.0 10.7 0.8 33 772 5.9 0.0 0.7 0.4 0.3 0.1 0.0 0.1
Palm oil 0.1 0.1 1.7 1.5 38.7 0.2 4.3 41.7 10.6 0.0 0.3 0.4 0.2 0.1 0.0 0.1
Sunflower oil 0.0 0.0 0.0 0.1 6.3-6.7 0.1 3.5-4.2] 21.8-28.3| 59.2-65.9 0.0 0.1-0.5 0.3 0.2-0.3 0.7 0.1 0.2
Safflower oil 0.0 0.0 0.0 0.1 5.0 0.1 2.1 76.6 142 0.0 0.3 0.5 0.4 0.3 0.1 0.2
Cotton-seed oil 0.0 0.0 0.0 0.7 19.2 0.6 2.4 20.1 54.7 0.0 0.8 0.4 0.3 0.2 0.2 0.2
Coconut oil 79 6.0 45.6 17.4 9.4 0.0 29 8.3 2.1 0.0 0.0 0.1 0.1 0.0 0.0 0.0
Low erucic acid rape oil 0.0 0.0 0.0 0.4 4.1 0.3 1.9 62.8 18.8 0.0 9.0 0.7 1.4 0.3 0.0 0.2
Linseed oil* 0.0 0.0 0.0 0.0 5.1-53 0.1 3.4-3.5] 19.5-21.4| 15.7-16.1 0.0] 52.6-54.7 0.2-0.4 0.3-0.4 0.1 0.0 0.1
Sesame oil 0.0 0.0 0.0 0.0 9.7 02| 5.7-5.8| 39.4-39.9| 43.0-43.5 00| 03-04 0.6 0.3 0.1 0.0 0.1
Rice bran oil 0.0 0.0 0.0 0.3-0.4| 16.6-19.0 0.2-0.3 1.7-2.2| 41.4-42.0{ 32.9-35.7 0.0 1.4-1.5 0.7-0.9 0.7 0.2-0.3 0.1 0.3-0.4
Almond oil* 0.1 0.1 0.0 0.1 4.7 0.2 2.7 69.2 21.5 0.0 0.1 0.3 0.4 0.5 0.1 0.2
Macadamia nut oil* 0.0 0.0 0.1 0.9 8.1 18.6 2.9 59.4 2.3 0.0 0.1 2.6 3.4 0.8 0.4 0.4
Hazelnut oil* 0.0 0.0 0.0 0.0 5.7 0.3 23 774 13.6 0.0 0.2 0.1 0.2 0.1 0.1 0.0
Walnut oil* 0.0 0.0 0.0 0.0 6.9 0.2 2.6 16.1 60.5 0.0 12.9 0.2 0.4 0.1 0.0 0.0
Sacha inchi oil* 0.0 0.0 0.0 0.0 3.94.2 0.1 2.7-3.3| 8.7-104| 32.9-35.5 0.0] 46.5-51.4 0.1 0.3 0.0 0.0 0.0
Camellia oil* 0.0 0.0 0.0 0.0 8.0 0.1 1.8 80.8 7.8 0.0 0.4 0.0 0.6 0.0 0.2 0.0
Perilla oil* 0.0 0.0 0.0 0.0 5.8-6.4 0.1-0.4 1.5-1.9] 12.3-19.8] 11.2-13.9 0.0| 58.4-65.6 0.1-0.2 0.1-0.5 0.0 0.0 0.0
Hemp oil* 0.0 0.0 0.0 0.0 6.0 0.1 2.7 12.4 56.2 39 16.7 0.8 0.4 0.3 0.0 0.3
Grape seed oil* 0.0 0.0 0.0 0.0 6.6 0.1 3.9 17.7 70.4 0.0 0.5 0.2 0.3 0.0 0.0 0.0
Avocado oil* 0.0 0.0 0.0 0.0 13.8 4.5 0.5 674 123 0.0 0.9 0.1 0.3 0.0 0.0 0.1
Evening primrose oil* 0.0 0.0 0.0 0.0 64 0.1 1.7 6.0 74.5 10.2 0.3 0.3 0.2 0.1 0.1 0.0
Argan oil* 0.0 0.0 0.0 0.1 12.5 0.1 5.5 46.1 34.1 0.0 0.1 0.4 0.4 0.1 0.1 0.1
8:0 caprylic acid 18:2  linoleic acid
10:0  capric acid 18:30.  o-linolenic acid
12:0  lauric acid 18:3y  y-linoleic acid
14:0  myristic acid 20:0  arachidic acid
16:0  palmitic acid 20:1  eicosenoic acid
16:1  palmitoleic acid 22:0  behenic acid
18:0  stearic acid 22:1  docosenoic acid
18:1  oleic acid 24:0  lignoceric acid

*:the data which are not described in the reference “standard tables of food composition in Japan, fifth revised and enlarged edition”
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3.3
ARIAT LI-ftEmig D 5 B, BEOBRKE AT T 7-HlR
\ZOWTRIRAHT 24T - 7245 5% Table 3 12~

Table 3 Value of multiple coefficient of determination on the ratio of fatty acids
composition within the same kinds of vegetable fats and oils

Fats and oil Multiple coefficient of determination
Sunflower oil 0.9823
Linseed oil 0.9976
Sesame oil 0.9998
Rice bran oil 0.9956
Sacha inchi oil 0.9919
Perilla oil 0.9794

AEAT LRI OMARIZ BT 5 EERENE 0979 UL ETH
STz, TOZ L, mEIREREDY 0979 DL EORBRICH D RS 2

FEDOMIEDHBA TE RN L EERT D,

WIT, KOH - A % J —/)WIEIZ & 0 = 2T )LAsHa U -
DOIGERLR L & &R D IHi> TV D AEHEEHLRL %
L7z (Table4),

Table 4 Comparison of the ratio of fatty acid compositions in various kinds of
vegetable fats and oils, obtained by KOH-methanol method in this study, and
of the data from a reference book

Fats and oil Multiple coefficient of determination
Soya-bean oil 0.9981
Ground nut oil 0.9983
Olive oil 0.9997
Palm oil 0.9886
Sunflower oil 0.9831
Safflower oil 0.9999
Cotton-seed oil 0.9976
Coconut oil 0.9962
Low erucic acid rape oil | 0.9994
Linseed oil —(1)
Sesame oil 0.9999
Rice bran oil 0.9970
Almond oil —(1)
Macadamia nut oil —(1)
Hazelnut oil —(1)
Walnut oil —(1)
Sacha inchi oil —(1)
Camellia oil —(1)
Perilla oil —(1)
Hemp oil —(1)
Grape seed oil —(1)
Avocado oil —(1)
Evening primrose oil —(1)
Argan oil —(1)

T no reference data
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Table 5 Multiple coefficient of determination of mutual vegetable fats and oils
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argan oil 0720 | 0992 | 0.691 0600 | 0736 | 0614 | 0770 | 0.653 0000 | 0823 0.122 0094 | 0957 | 0952 | 0982 | 0974 | 0857
evening primrose oil 0.823 0357 | 0004 | 0032 | 0839 | 0917 0030 | 0850 0012 | 0072 | 0039 0.033 0555 0.567 0416 | 0373 | 0086
avocado oil 0267 | 0776 | 0981 0.693 0277 | 0.167 0976 | 0207 0.001 0944 | 0.105 0078 | 0591 0579 [ 0718 | 0739 | 0958
grape seed oil 0939 | 0542 | 0060 | 009 | 0957 | 099 | 0122 | 0934 0.007 | 0.193 0.068 0057 | 0739 | 0749 | 059 | 0550 | 0213
hemp oil 0912 | 0442 | 0034 | 0.065 0857 | 0899 | 0082 | 0843 0018 | 0169 | 0244 0230 | 0630 | 0.640 | 0.505 0462 | 0.156
perilla oil 4 0089 | 0.021 0.013 0008 | 0026 | 0022 0015 0.024 0.022 0070 | 0954 0972 0026 | 0027 0.032 0.031 0018
perilla oil 3 0.085 0020 | 0012 0007 | 0025 | 002 | 0014 | 0023 0.023 0068 | 0952 0971 0024 | 0025 0030 | 0029 | 0017
perilla oil 2 0.123 0.067 | 0.063 0039 | 0049 | 0036 | 0067 | 0.041 0019 | 0.155 099 [ 099 | 0067 | 0066 | 0.081 0.081 0.071
perilla oil 1 0.100 0.055 0.061 0.036 0.035 0.024 0.063 0.028 0.019 0.146 0.983 0.990 0.052 0.052 0.067 0.067 0.064
camellia oil 0.197 | 0704 | 0998 0598 | 0211 0.114 | 0991 0.132 0002 | 0944 | 0097 0.071 0514 | 0502 0624 | 0640 | 0954
sacha inchi oil 3 0344 | 0099 | 0006 | 0008 | 0223 | 0231 0017 | 0215 0029 | 0086 | 0859 0.868 0.158 0129 | 0117 | 0034
sacha inchi oil 2 0.429 0.144 0.012 0.015 0.300 0.310 0.028 0.289 0.029 0.110 0.822 0.825 0.216 0.224 0.180 0.164 0.054
sacha inchi oil 1 0430 | 0149 | 0014 0017 | 0301 0310 | 0032 | 0289 0029 | 0116 | 0.829 0.831 0220 | 0224 0.185 0169 | 0058
walnut oil 0956 | 0518 | 0059 | 0097 | 0918 | 0950 | 0.118 | 0901 0.012 0210 | 0197 0.181 0707 | 0718 0.581 0537 | 0205
hazelnut oil 0260 | 0767 | 0985 0578 | 0279 | 0.169 1000 | o0.182 0.001 0969 | 0.104 0077 | 05% | 0578 0.685 0694 | 0983
macadamia nut oil 0114 | 0561 0.908 0.531 0128 | 0056 | 0878 | 0073 0000 | 0812 | 0058 0040 | 0384 | 0373 0491 0509 | 0825
almond oil 0378 | 0860 | 0940 | 0562 | 0403 | 0278 0985 | 0284 0.000 | 0980 | 0115 0.086 | 0711 0700 | 0782 | 0782
rice bran oil 2 0.735 0969 | 0.635 069 | 0729 | 0615 0697 | 0.708 0000 | 0754 | 0130 0102 | 0932 | 0928 0.99
rice bran oil 1 0774 | 0980 | 0614 | 0628 | 0775 | 0.662 0688 | 0734 0000 | 0754 | 0132 0104 | 0958 | 0955 0983 hazelnut oil
sesame oil 2 0879 | 0946 | 0484 | 0435 0.901 0810 | 0585 0.502 0002 | 0666 | 0.119 0.094 1.000 0537 | 0205 walnut oil
sesame oil 1 0871 0.951 0496 | 0443 0.893 | 0.801 059 | 0514 0.001 0676 | 0.120 0.094 0.185 0.169 | 0058 sacha inchi oil 1
linseed oil 2 0162 | 0089 | 0070 | 0042 | 0076 | 0.061 0.078 | 0071 0022 | 0174 | 0998 0224 | 0180 | 0164 | 0.054 sacha inchi oil 2
linseed oil 1 0184 | 0117 | 0.095 0056 | 0094 | 0272 0.106 | 0.097 0.021 0213 0.155 0.158 0129 | 0117 | 0034 sacha inchi oil 3
low erucic acid rape oil | 0373 0.825 0930 | 0539 | 0376 | 0254 | 0971 0.944 0.000 0.071 0514 | 0502 0624 | 0640 | 0954 camellia oil
coconut oil 0.007 | 0.001 0.002 0009 | 0005 | 0006 | 0.001 0.002 0983 [ 099 | 0052 | 0052 0067 | 0067 | 0.064 perilla oil 1
cotton-seed oil 0948 | 0649 | 0.124 0277 | 0937 | 0941 0.186 0.155 099 [ 099 | 0067 [ 0066 | 0.081 0.081 0.071 perilla oil 2
safflower oil 0267 | 0772 | 0981 0568 | 0287 [ 0175 0.023 0068 | 0952 0971 0024 | 0025 0030 | 0029 | 0017 perilla oil 3
sunflower oil 2 0959 | 0615 0.101 0132 | 0982 0.024 0022 | 0070 | 0954 0972 | 0026 | 0027 0032 | 0031 0.018 perilla oil 4
sunflower oil 1 0975 0737 | 0194 0.206 0082 | 0843 0018 | 0169 | 0244 0230 | 0630 | 0.640 | 0.505 0462 | 0.156 hemp oil
palm oil 0.234 0.581 0.632 0.994 0.122 0.934 0.007 0.193 0.068 0.057 0.739 0.749 0.59 0.550 0213 grape seed oil
olive oil 0.183 0.689 0277 | 0.167 0976 | 0207 0.001 0944 | 0.105 0078 | 0591 0579 | 0718 | 0739 | 0958 avocado oil
ground nut oil 0.716 0.032 0839 [ 0917 0030 | 0850 0012 0072 | 0039 0.033 0.567 0416 | 0373 | 0086 evening primrose oil
0.691 0600 | 0736 | 0614 | 0770 | 0.653 0000 | 0823 0.122 0094 | 0957 | 0952 | 0982 | 0974 | 0857 argan oil
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