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Identification of various fats and oils using regression analysis and multivariate analysis
based on fatty acids ratios

Hiroshi INOUE*, Yuumi KAWASHIMA**, Yoshitsugu MATSUMOTO**
and Tetsuya AKASAKI**
*Nagasaki Customs Laboratory
1-36, Dejimamachi, Nagasaki, Nagasaki 850-0862 Japan
**Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In the Harmonized System, animal or vegetable fats and oils are to be classified based on their kinds. It is important to
identify imported vegetable or animal fats and oils in order to classify them properly. The present analysis method requires
standard data concerning the fatty acid compositions of fats and oils for identification. In this study we obtained additional data
of the fatty acid compositions regarding vegetable fats and oils which had not yet been published in major reference books. The
fatty acid compositions of several kinds of animal fats and oils were also determined. Furthermore, we subjected the data of
fatty acid compositions determined so far to a regression analysis and a multivariate analysis to identify fats and oils, and

evaluated the usefulness of those analyses.
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Table 1 List of samples used in this study

Type Name Japanese Name Manufacturer

Vegetable fats and oils Soya-bean ol pNCEATH Wako Pure Chemical Industries,Ltd.
Ground-nut oil VAT KANTO CHEMICAL CO.,INC., GEA
Olive oil FV—=TFA Wako Pure Chemical Industries,Ltd.
Palm oil 23— A Wako Pure Chemical Industries,Ltd.. MONDAY MOON
Sunflower oil OFEbYil Wako Pure Chemical Industries,Ltd., ZUCCHI
Safflower oil Y77 T —ih Wako Pure Chemical Industries,Ltd.
Cotton-seed oil HREim Wako Pure Chemical Industries,Ltd.
Coconut oil L Wako Pure Chemical Industries,Ltd.
Palm kernel oil 23— LK MONDAY MOON
Low erucic acid rape oil SRR Wako Pure Chemical Industries,Ltd.
Linseed oil [z b} KANTO CHEMICAL CO.,INC., BENIBANA FOODS
Maize ol L9 HAZ L AJINOMOTO CO.,INC.
Caster oil OF Ll TREE OF LIFE CO.,Ltd., Shizenkeshouhinkenkyuusho, MONDAY MOON
Sesame oil ZEH Wako Pure Chemical Industries,Ltd.. The Nisshin OilliO Group,Ltd.. MAKAO KYHWYTHOE
Tung oil Hiilih Home Center BRICO
Camellia oil R Kurobarahonpo, MONDAY MOON., Shinkamigotoumachisinkoukousha
Jojoba oil RARANFA IV Shizenkeshouhinkenkyuusho
Rice bran oil K TSUNO, Mastr' Olivo
Almond oil T—Fr ALV Wako Pure Chemical Industries,Ltd.. GEA. Shizenkeshouhinkenkyuusho

Macadamia nut oil
Hazelnut oil

~HEITF VAN
NPT YA AN

Walnut oil 7V

Sacha inchi oil YFx A FAAL
Perilla oil <l

Hemp oil N T A

Grape seed oil T =T = RA AL
Avocado oil TRA KAL)V
Evening primrose oil H BN

Argan oil TN FA v
Pumpkin seed oil Ry T X v—RAA )L
Poppy oil RE—FA

Yuzu seed oil SN SR

Apricot kernel oil

TTYV 3y NI—pF AV

Shea butter ST NE—

Plum oil TN—r— KAL)V
Mango kernel oil < A= —F A
Rosehip oil a—Xt v A AL

Calophyllum inophyllum oil

HRT AL TEA ) T4 TIEFAN

Neem oil =—LALFA
Acai oil THA—A A
Tomato seed oil rv b —RAA IV
Wheatgerm oil INEIREET
Kukui oil IIAF I FA N
Moringa oil EY UAAAIN
Baobab oil ISEIRT A
Cacao butter 7171 AR

Animal fats and oils Lard F—FK
Sheep fat Efg
Shark-liver oil ARl
Lanolin AN
Horse oil bt}
Emu oil T 2 A AV

Wako Pure Chemical Industries,Ltd., GEA

LA TOURANGELLE

INTERNATIONAL COLLECTION

POCHI TOKYO, NPO arcoiris, PACHAMAMA
OHTA OIL CO,LTD., BENIBANA FOODS, BOSO, ASAHIAND CO.,LTD.,
SugiyamaDrugs CO.Ltd., Sokensha CO,Ltd., Kahokuseiyu, Kouyoushouji, Shinshoji Corporation
Hemp Kitchen, MONDAY MOON

The Nisshin OilliO Group,Ltd.., COCINERO

SAN PIETRO

Healthy-One

ZITARGANE

GEA

HOLBEIN WORKS,Ltd.
Shizenkeshouhinkenkyuusho
Shizenkeshouhinkenkyuusho
Shizenkeshouhinkenkyuusho
Shizenkeshouhinkenkyuusho, MONDAY MOON
Shizenkeshouhinkenkyuusho
Shizenkeshouhinkenkyuusho

lab An

MONDAY MOON

MONDAY MOON

MONDAY MOON

MONDAY MOON

MONDAY MOON

MONDAY MOON

MONDAY MOON

MONDAY MOON

MEGUMILK SNOW BRAND Co,Ltd.
Ramuzen

Shizenkeshouhinkenkyuusho
Shizenkeshouhinkenkyuusho, Temple Beautiful
umanoabura.com., YAKUSHIDO
Shizenkeshouhinkenkyuusho

22 DWEBRUEH

EAOE  250C

221 ARYOTRTTT (UTF. GC LT 5.)
SINTHEE - Agilent7890A (Agilent Technologies)
WESME : 77 2 HP-INNOWax (30m X 0.25mm X 0.25 1 m)
(Agilent Technologies)
Fy V7 —=HA ~UTUL (He), #&E 0.7ml/min
HEARE 1ul
A7V R 5001
HEADE  250°C
F—7VRE 210C (9min) —10°C/min—230°C
(20min)
R KERA A AbkbE (250°C)

222 HARY BT NTSTEESE (AT, GCIMS LMY B.)
SINTEEE  Agilent7890A+5975 (Agilent Technologies)
WESME - 7 2 HP-INNOWax (30m X 0.25mm X 0.25 1 m)

(Agilent Technologies)
Fy V7 —=HA ~U UL (He), #i&E 0.7ml/min
HEARE 1ul
A7 v b 501

A—7 iRE  210C (9min) —10°C/min—230°C
(20min)

AVH—T A RRE 250C

A A UPHIRE 230°C (WEMRE : 150°C)

2.3 WHEOAR CKEEIEH ) I L-A 5/ —)LiEK)

FAEHD 100mg % 20ml H=fA 7 ZA23i2E 0, 2ml OfHT—
Tty (1:1) BEWREMZ, ERIEMR LIz, 04N Kk
fEA VT LA R ) — VYR 2ml ZI1Z CERIRTEEE, 5-10
SSETERS . AREEBN T T A IO EEICET S E CRBAKE M
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2.4 FIERUVISIEMEMRLEOEL
2.3 ORRZE 2.2.1 OFHIZERE L GCIZL v lllE L, REK
N 8~24 OBEDOEIFIRERGER K OREAFIAEER D A F VT AT )L



BABLH

o
E\

17 BRI DWW T, i STz v — 2 B E ORI & o 2 2 M5 itk
AFNOE—7 EREZ GoRTEL, BIEBER LA RD T,

F72, BFH, OF LIRS ASE A /W2 O0THE, GC/MS
IR BHE BT 72,

25 @RS

24 2K o TH BN BRI DT — & & v M & IR
DOFEFHE Y 7 b (Microsoft Excel) (2 X Y [FUF M 24T > 72, 728,
HBIOFFICONTIEIERE (RD & AV CRHb L7,

2.6 BZEEMEN

SIS BMFEHTY 7 I STATISTICAPro 06) (A X v kY 7 k¥ /3

1

o

k552 5

HH

47

V) EFWT, 2.5 LR URRERMR LT — 2 & v h & KIS
BEMNTEAT > T2, FRITIZIZ Y 7 A X —0Hra v, BRI 2
A B — DRI TR BE & ATz,
3. MERKUBE

31 FiEFHEDEHIEOIEhERMER L

AR AT LA IERIEIZ W T 24 TEONTET A
n~ hJ 7 5% Figl 12, K FEHAE OB L A Table.2 (277
F, 7272 L, Figl l[ZBWTid, AfEEE 5 D ABEcHE Li-bo

IFAME LTV D,

Table 2 List of fatty acids ratios in various kinds of fats and oils

(unit:%)
fats and oils 8:0 10:0 12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3y 18:3a 20:0 20:1 22:0 22:1 24:0 24:1
lard 0.0 0.1 0.1 1.8 253 29 14.8 44.9 8.4 0.0 0.5 0.2 0.9 0.0 0.1 0.1 0.0
sheep fat* 0.0 0.2 0.2 2.6 21.1 22 22.1 472 3.5 0.0 0.5 0.1 0.1 0.1 0.0 0.2 0.0
lanolin* 0.0 4.8-6.5 | 4.8-15.7 | 11.4-17.4|14.0-19.0 0.0 6.4-6.6 0.0 0.0 0.0 0.0 4.8-6.3 0.0 0.0-7.1 0.0 35.9-39.4 0.0
horse oil* 0.0 0.1 0.2 4.4-45 [285-29.0| 7.7-82 | 3.9-4.5 [33.7-36.2|15.6-17.0| 0.0 1.9-2.3 0.1 0.7-0.8 0.0 0.1 0.0-0.1 0.0
emu oil* 0.0 0.0 0.0 0.3 19.6 4.6 7.2 55.8 9.8 0.0 1.7 0.2 0.7 0.0 0.1 0.1 0.0
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 0.0
ground-nut oil 0.0 0.0 0.0 0.0 6.4-11.5 0.1 2.6-2.8 [44.2-76.9] 5.7-32.8 0.0 0.1-0.2 | 1.3-14 | 1.5-2.1 | 2933 0.2 1.6-1.8 [ 0.0-0.1
olive oil 0.0 0.0 0.0 0.0 10.7 0.8 33 712 59 0.0 0.7 0.4 0.3 0.1 0.0 0.1 04
palm oil 0.0-0.1 | 0.0-0.1 | 0.2-1.7 | 1.0-1.5 |38.7-43.1 0.2 42-44 1404-41.719.9-11.4 0.0 0.2-0.3 0.4 0.2 0.0-0.1 0.0 0.0-0.1 0.0
sunflower oil 0.0 0.0 0.0 0.1 6.3-6.7 0.1 4.2-3.5 [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 0.0
safflower oil 0.0 0.0 0.0 0.1 5.0 0.1 2.1 76.6 14.2 0.0 0.3 0.5 0.4 0.3 0.1 0.2 0.2
cotton-seed oil 0.0 0.0 0.0 0.7 19.2 0.6 24 20.1 54.7 0.0 0.8 0.4 0.3 0.2 0.2 0.2 0.1
coconut oil 7.9 6.0 45.6 174 9.4 0.0 2.9 8.3 2.1 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
palm kernel oil 3.5 33 45.9 16.4 8.9 0.0 2.5 16.8 2.6 0.0 0.0 0.1 0.1 0.0 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 0.1
linseed oil 0.0 0.0 0.0 0.0 5.1-53 0.1 34-35 |19.5-21.4[15.7-16.1 0.0 |54.7-52.6] 0.2-04 | 0.3-04 0.1 0.0 0.1 0.4
maize oil 0.0 0.0 0.0 0.0 11.3 0.2 2.0 29.6 54.6 0.0 1.2 0.5 0.4 0.2 0.0 0.2 0.0
sesame oil 0.0 0.0 0.0 0.0 8.8:9.7 | 0.1-02 | 5.2-5.8 |39.4-43.4|40.4-43.5 0.0 0.3-0.4 0.6 0.3-04 0.1 0.0 0.1 0.0
tung oil* 0.0 0.0 0.0 0.0 2.2 0.0 23 5.8 6.9 0.0 0.1 0.2 0.9 68.6 12.9 0.0 0.0
camellia oil 0.0 0.0 0.0 0.0 8.0-85 | 0.1-02 | 1.8-2.6 |774-83.8| 3.8-9.8 0.0 0.3-0.7 | 0.0-0.1 | 0.4-0.6 0.0 0.0-02 | 0.0-0.1 | 0.0-0.1
rice bran oil 0.0 0.0 0.0 0.3-04 [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 | 0.7-09 0.7 0.2-0.3 0.1 0.3-04 0.0
almond oil 0.0-0.1 | 0.0-0.1 0.0 0.0-0.1 | 4.7-6.6 | 0.2-0.6 | 0.9-2.7 ]61.0-69.2]|21.5-25.0 0.0 0.0-1.0 [ 0.1-0.5 | 0.1-3.1 | 0.0-0.9 | 0.0-0.3 | 0.0-0.2 | 0.0-0.2
macadamia nut oil 0.0 0.0 0.1 0.7-0.9 8.1 18.6-20.6| 2.9-32 | 582594 | 2.2-23 0.0 0.1-0.2 2.6 2734 0.8 0.3-04 [ 0.3-04 0.0
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 0.0
walnut oil 0.0 0.0 0.0 0.0 6.9 0.2 2.6 16.1 60.5 0.0 129 0.2 0.4 0.1 0.0 0.0 0.0
sacha inchi oil 0.0 0.0 0.0 0.0 3.9-4.2 0.1 2.7-3.3 | 8.7-10.4 |32.9-35.5 0.0 46.5-51.4 0.1 0.3 0.0 0.0 0.0 0.0
perilla oil 0.0 0.0 0.0 0.0 59-7.7 | 0.1-04 [ 1.5-2.0 |12.3-23.1[11.2-21.1 0.0 45.6-65.6/ 0.1-0.2 | 0.1-0.5 0.0 0.0 0.0 0.0
hemp oil 0.0 0.0 0.0 0.0 5.7-6.0 0.1 2427 | 124-9.7 [56.2-56.3| 3.9-44 |16.7-19.9| 0.8-0.9 04 0.3 0.0 0.0-0.3 0.0
grape seed oil 0.0 0.0 0.0 0.0-0.1 | 6.6-6.9 | 0.1-0.2 | 3.8-3.9 |17.7-23.7]|63.8-70.4 0.0 0.5 0.2 0.3-04 | 0.0-03 0.0 0.0-0.1 0.0
avocado oil 0.0 0.0 0.0 0.0 13.8 4.5 0.5 67.4 123 0.0 0.9 0.1 0.3 0.0 0.0 0.1 0.0
evening primrose oil 0.0 0.0 0.0 0.0 6.4 0.1 1.7 6.0 74.5 10.2 0.3 0.3 0.2 0.1 0.1 0.0 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 04 0.1 0.1 0.1 0.3
pumpkin seed oil* 0.0 0.0 0.0 0.1 11.2 0.1 5.5 34.6 46.9 0.0 0.2 0.4 0.1 0.2 0.1 0.1 0.3
poppy oil* 0.0 0.0 0.0 0.1 8.6 0.1 23 17.3 69.5 0.0 1.2 0.1 0.5 0.0 0.1 0.0 0.0
yuzu seed oil* 0.0 0.0 0.0 0.1 19.5 0.5 39 37.6 349 0.0 1.9 0.3 0.9 0.1 0.2 0.2 0.0
apricot kernel oil* 0.0 0.0 0.0 0.0 6.9 0.2 25 60.6 27.6 0.0 0.3 0.3 0.5 0.6 0.2 0.3 0.0
shea butter* 0.0 0.0 0.1 0.1 5.0-54 0.1 25.0-27.8|55.9-61.4| 3.5-10.7 0.0 0.0-0.3 1.0-1.1 | 0.7-1.0 0.1 0.0-0.1 [ 0.0-0.1 0.0
plum oil* 0.0 0.1 0.0 0.0 4.6-4.7 0.6 1.4 71.1-72.3120.7-21.7 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0
mango kernel oil* 0.1 0.0 0.2 0.1 8.7 0.2 24.7 52.9 7.7 0.0 2.1 1.7 0.4 0.4 0.2 0.5 0.1
rosehip oil* 0.0 0.0 0.0 0.0 35 0.3 24 15.7 43.9 0.0 323 0.8 0.7 0.2 0.1 0.1 0.0
calophyllum inophyllum oil* 0.0 0.0 0.0 0.0 11.9 0.2 12.9 36.3 37.2 0.0 0.2 0.6 0.2 0.2 0.0 0.2 0.0
neem oil* 0.0 0.0 0.0 0.0 16.6 0.1 16.7 532 11.0 0.0 0.4 1.5 0.1 0.3 0.0 0.0 0.0
acai oil* 0.0 0.0 0.0 0.1 9.0 0.9 34 36.8 48.5 0.0 0.3 0.2 0.2 0.6 0.0 0.0 0.0
tomato seed oil* 0.0 0.0 0.0 0.1 12.8 0.3 5.5 23.1 55.0 0.0 2.6 0.4 0.1 0.1 0.0 0.0 0.0
wheatgerm oil* 0.0 0.0 0.0 0.1 11.8 0.1 3.6 234 53.1 0.0 6.7 0.3 0.5 0.4 0.0 0.0 0.0
kukui oil* 0.0 0.0 0.0 0.0 6.4 0.1 29 21.1 42.1 0.0 26.8 0.1 0.4 0.0 0.0 0.0 0.0
moringa oil* 0.0 0.0 0.0 0.1 5.8 1.8 54 72.8 0.9 0.0 0.3 33 2.0 6.6 0.0 1.0 0.0
baobab oil* 0.0 0.0 0.0 0.2 23.0 0.2 85 353 27.5 13 25 0.8 0.2 0.4 0.0 0.2 0.0
cacao butter* 0.0 0.0 0.0 0.1 27.2 0.3 33.5 34.2 3.1 0.0 0.2 1.1 0.0 0.2 0.1 0.0 0.0
8:0 caprylic acid 18:3y  y-linolenic acid
10:0 capric acid 18:3a  a-linolenic acid
12:0 lauric acid 20:0  arachidic acid
14:0 myristic acid 20:1  eicosenoic acid
16:0 palmitic acid 22:0  behenic acid
16:1 palmitoleic acid 22:1  docosenoic acid
18:0 stearic acid 24:0  lignoceric acid
18:1 oleic acid 24:1  nervonic acid
18:2  linoleic acid

*:the data which are not described in the reference "standard tables of food compossition in Japan, fifth revised and enlarged edition" and "Report of The Central Customs Laboratory No.51"
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Fig.1 Gas chromatograms of fatty acid methyl esters from various kinds of fats and oils
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Fig.2 Gas chromatograms of KOH-methanol method products from shark-liver oil, caster oil and jojoba oil
The arrows on peaks indicate peaks derived from specific substances in original oils but not from fatty acid methyl esters.
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Table 3 Result of regression analysis between the same kind of samples

Fats and Oils Coefficient of determination N
horse oil 0.996 2
ground-nut oil 0.679 2
palm oil 0.993 3
sunflower oil 0.982 2
linseed oil 0.998 2
sesame oil 0.992 3
camellia oil 0.993 4
rice bran oil 0.996 2
almond oil 0.989 2
macadamia nut oil 0.998 2
sacha inchi oil 0.992 3
perilla oil 0.882 10
hemp oil 0.994 2
grape seed oil 0.987 2
shea butter 0.984 2
plum oil 1.000 2

N indicates the number of analyzed samples
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Table 4 Comparison of the fatty acid ratios between two ground-nut oils

(unit:%)
No. | 8:0 | 10:0 | 12:0 | 14:0 | 16:0 | 16:1 | 18:0 | 18:1 | 18:2 | 18:3y | 18:3a | 20:0 | 20:1 | 22:0 | 22:1 | 24:0 | 24:1
1 0.0 0.0 0.0 00 | 115 | 0.1 2.8 | 442 | 32.8 0.0 0.2 1.4 1.5 33 0.2 1.8 0.0
2 0.0 0.0 0.0 0.0 6.4 0.1 26 | 769 | 5.7 0.0 0.1 1.3 2.1 2.9 0.2 1.6 0.1
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Fig.3 Neighbor-joining cluster analysis of various kinds of fats and oils based on the fatty acids ratios
“* after the names of fats or oils indicates that the oils or fats were not grouped within a single cluster.
A specific part of the obtained tree was expanded due to the limited size of graphics.
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