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Studies on Performance Evaluation and Criteria for trans-Fatty
Acids Analysis Using GC-FID

Takahiro Waranase*, Tomoko IsHkawa and Rieko MATSUDA

National Institute of Health Sciences: 1-18-1
Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan;
* Corresponding author

Performance evaluation methods and criteria for trans-fatty acids analysis using GC-FID were
examined. The measurement method constructed in this study was based on the American Oil
Chemists’ Society (AOCS) official standard methods Celh-05. The method for fat extraction from
general foods was based on the methods for nutrition labeling notified by the Ministry of Health,
Labour and Welfare of Japan and AOAC 996.06. To estimate trueness and precision, fortified sam-
ples were analyzed following the established experimental design. Five molecular species of trans-
fatty acids that are rarely contained in foods were used for preparing the fortified samples. To esti-
mate precision, more than four degrees of freedom of variance are required. Based on the results,
within-laboratory trueness and reproducibility will be set at 90-110% and 10% (RSD%), respec-
tively.

(Received August 29, 2012)

Key words: 9 v RJERiEE trans-fatty acid; P£RESFMi performance evaluation; EEZE#E perfor-
mance criteria; B trueness; ¥/ precision
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SVABRHBERERERTAHIEIROONTVS, + T
v AEREEL, CodexZEEBAIWICXY [ td12lE
DAFVVETHRTCONL VS Y ABOELEBRRE-RE
ZEEE RO BMA MBS S X S mA SR
DT RTORMEMEMA] EEHREINTVEY. ZoESEN
ARTEBY, M URBHEELE, —EoRERELZET
LEEEOEY (M5 v AEHESTE) oRKTH
5. BRUEAETATRTO M Y A BB FENHS
PIZENTVEDIT TR, F0MICRTR2EER
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MEBRET T ARPBOBHEBERCE T EICoW
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 EOAFELELNTVS.

NS v RBEFBOS T, £H9TBOROBRME L 5
YARHEBEL TS, 020, EREARTHISTFESE
ERWICHZEL, BONTESORMOERY, 52
EHBE~OEEBLERTEAIZTLITIE VI L OFERER
dE, LTLIEA O TFEEAE L EETHLER:
W, Ll, bV RROZEREESTRRICBETREE
X N 3 infrared spectroscopy (IR) 279 ORKEFIX, %
REEIZROONBIEEIRBED b5 VAR €8
THEDIZEATSTH L. —F, GC-FID ZHWi-Hiz
# (GCFIDE) &, EREBHE LAFELELTHSR
BEZELTBIEHICIRENTVEHN, £S5 V2R
BB FEOHE - BEXLETHS. GC-FIDED 1D
T & 5A0CS Celh-05” ¥, The American Oil Chem-
ists’ Society (AOCS) DAFEETH Y, CodexEREEI
LYV EBELSFROOOFEB LY, ARAERZHE
LT AREE LTRREIATVEY, BRAMELRAR
Hoik, BEZHELZ2UNIEGC-FIDEIIYHETE
v, HH SN EEOBIL, MEEICI VBT AL
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EZoNbzd, TORRFEEL LS.
GCFIDEXRAT 2546, FELZBTOFRFRATD—
Bol-oizik, MENRE TS T v ARG FENH
—3INTWEITHELR LW, F/, HHShBEEFO
oV AREES FREOEASEL T 5T EEEEZER T
i, MUREHTEE»AVWALENHE. Z0LHIZ, F
EZHRLERE CTHELT—EO 2V + T ¥ AIEBRFR
EEBT A0, ZoRENRBEZEZFTICBY
T, HENSRPHEICEDDE L, GC-FIDELIEEM
WiErEbe/oiTEs LTORSBLETHSB. £,
BEGOLZHEIS LT, #MEbLEHETH Y H 5. L
L, ¥k 2oELHEVSICE L, FRHREDESME
LRETHOIRE LSRR EBR LN ERIRD LN
L. TERROFEHICIE, SATEOMRE L FHME T 5 Fik L HEHE
PULETHD, FITRFETE, BERRREEHELR
b v RISTFBRAITEO—FI R LT D L L biC, MR
i L UHERREREEICOVWTHRET L.

REBRHE
1. & &}

KEM, ed-hm, 757, Ya—-b=rIrER
HAMTEASEAONFED LLRSfy&—32y F2BUT
BALEAMEBELAET 2HABL L. EFICEALLEF
Sy VanA MY —E—REAGORELL, FETFA
F—THELLTRABE Lz 28, RBELALF=y
anrA M) =13, MEH, Ty VAT VY N, OBEHE,
R=F) >, Wik ENSHEOBEMBLTAIRRATHS.

2. & 5

FIFFE T, 1TEORBEA F NV X T VIEERE L
Awiz 61EPRICII221ED 5 Y AERSTFEZE
. BHL-2BED FE% Table 112773, ¥ 72,
C18:1DfIE S L UHMEMA (Ft2657FH) = fIEH
ETEH/RASH T B U TER LAV,

SR EERE. NEE#ICIE, Triundecanoin
(C11:0), Tritridecanoin (C13:0), Triheptadecanoin
(C17:0), Triheneicosancin (C21:0) ® +Y) 7Y & F 4
F (TAG) ZHv:7z (WM d Nuchelk 4t 8).

EBIBAFILTAFIVESERESS: TRoREGRER

2 H vz, GLC-674: Reference Standard, Fatty Acid
Methyl Esters (Nuchek#:#), Linoleic Acid Methyl Es-
ter Mix, cis/trans (Supelcott#), Linolenic Acid Methyl
Ester Isomer Mix (Supelcoft#).

aIFEEEEE b S X BERRERMEEREE : Ao DFRBLC
B, BT b7 v REEBS FHE 2 v 72, 10E-Pen-
tadecenoic Acid (C15:1 10t), 9E-Hexadecenoic Acid
(C16:1 9t), 10E-Heptadecenoic Acid (C17:1 10t),
11E-Eicosenoic Acid (C20:1 11t), 13E-Docosenoic
Acid (C22:113t) (W31 b Nuchek ).

FOMOEE: suokras R, v/ -V (B
w), vrFrxz—5n BFR), x5/ -V BB, -

Table 1. List of molecular species of fatty acids used as
standard in this study

Analyte Analyte

No. Fatty acid No. Fatty acid
1 C4:0 31 C18:3 (9t, 12t, 15t)
2 C6:0 32 C18:3 (9t, 12, 15¢)
3 C8:0 33 C18:3 (9t, 12, 15t)
4 C10:0 34 (C18:3 (B¢, 9c, 12¢)
5 C11:0 35 C18:3 (9¢, 12, 15t)
6 Cl12:0 36 C18:3 (9¢, 12t, 15t)
7  C13:0 37  C18:3 (9¢, 12t, 15¢)
8 Cl4:0 38 C18:3 (9t, 12c, 15¢)
9  Cl4:1(9t) 39 C18:3 (9¢, 12, 15¢)
10 Ci14:1(8c) 40 C19:1(7)
11 C15:0 41  C19:1 (10t)
12 C15:1 (10t) 42 C20:0
13 C15:1 (10¢c) 43 C20:1 (11t)
14 C16:0 44  C20:1 (11¢)
15 C16:1 (9t) 45 C20:2 (11c, 14c)
16 C16:1 (9¢) 46 C20:3 (8¢, 11c, 14c)
17 Cl7:0 47  C20:3 (1lc, 14c, 17¢)
18 C17:1 (10t) 48 C20:4 (5c, 8¢, 11c, 14c)
19 C17:1 (10c) 49  C20:5 (5¢, 8¢, 11¢, 14c, 17¢)
20 C18:0 50 C21:0
21 C18:1 (6t) 51 (€22:0
22  C18:1 (9t) 52 C22:1 (13t)
23 Ci18:1 (11t) 53 ©22:1 (13¢)
24  C18:1 (6c) 54 (C22:2 (13c, 16¢)
25 C18:1 (9¢) 55 (C22:4 (7c, 10c, 13c, 16¢)
26  C18:1 (11c) 56 C22:5 (4c, 7¢, 10c, 13c, 16¢)
27  C18:2 (9, 12t) 57 C22:5 (7¢, 10¢, 13¢, 16¢, 19¢)
28  C18:2 (9¢, 12t) 58 (22:6 (4c, Tc, 10c, 13c, 16¢, 19¢)
29  C18:2 (9, 12¢) 59 (23:0
30  C18:2 (9c, 12¢) 60 C24:0

61 C24:1 (15¢)

~T7y v (RESE), KBAF MUY A BB, b
FrUY A GREBE -PCBREM), BMEBF MY YL
(FF#R) (BLLk, FOGRZEHEE), EER (BFRAESHHE),
A7 ($EHK) (UL, BEAZEHE), 14%=
TR EXY S — NEERIA T - VB (V=T
NVEY yFRE), K (MILQAK). 8.3 molVLIEERIZ, &
BrKk#25:11 (viv) OREBETRALAZAL..

3. EEBRK

POEREAERR: AAMWEOSIICIE, 4EDTAG:E
FIICBYVWMY) ZFNZFN5 megmLOBEKRSLS 270
RNVAIZBRLUTEWR., Foy Y aRA M) —D8HI
X, C11:0, C13:0, C17:0NTAG* BEIEVEY,
FNEFEN20 mg/mL DIEEIZ2Z XD 7 0akivAIBR
LTRWZ. C21:00TAGHE, BEOMMBE IZBREL
Throlizd, Foy T aRA M) —HIOREERE L L
THETE 2d o7,

ERFBAFIV IR T IRSBR: BALLRERR OB
BASEREDITICX VBEELEE, n-~T5 VIZHER
LTHwW-.

AINFERE NS XBEIERAR : BB ICIENT 55
A& 12 1%, C15:1 (10t), C16:1 (9t), C17:1 (10%),
C20:1 (11t), C22:1 (13t) %#4FHICE WY, s oo
BNV AIZER L T0.15 mg/mL, 0.3 mg/mL, 0.6 mg/mL %
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BECELEIIICHELE. Fou YA b — NG
TAHEAEICIE, 1.2 mg/ml, 2.4 mg/mL, 6.0 mgmL DEE
ICHRE L

4. FNERIORSE

EIEEORMAESE S o A EHBAN 1 nL 2 588
BHCIMLT9CBE Lok, BF2KREOTAI LI
DOV AZBRWT, RN zHEL-

5. RO MEAESTH

GC-FIDIZ X ARIZETIE, THRHSHELZ ORISR
HELTWRITNE, &MV AEBSFEZEELE
BT5Z L CERY. FFRTIE, WENRIZLD IS
Mo v RAEMEBSFREOSE L REEROES ESTED
RN T 2 — & L UTIEEREE 3, MaRREm LTI rEzR Y
NEFIRE L AWM EINLSISTLERICLY,
FEEZEEIOTEL, IEHTITEREND LS
FORESPHPRROREEERTEELS. 22T, E
EBIUHBE BHTRERZOTIZEREE) 2HEL, &
MEOMRE UTEM L. BREMOLDOERIZ, &
Bl O HEEN4M L 2B X OEE L.

6. 1% a5 :

GC-FID (Agilent 6890: 7 ¥V » M4&Y), 4R& 9 e
D XIRBE (SH12MT % Personal H10: ¥ £ 7 v 2+ &),
IRE S HME (IVERY A F— AXFY IS V)
PHW .

7. DIEDBE

BEMMER, ACACA ¥ ¥ —F ¥ aFVOARE
(ADAC 996.06)7 IR SN HEB LU, EEXMHEH
BT B EERSFROD OO (o)™ 2 Bk
L L7, GC-FID#iX, AOCSODAFE (Celh-05) %K
e L7 ShSEERTICESE Lok, SEmE
BIUO—RESRTZEANSETS. T HENRERE
HA14~22 TH VIEEREFARTR TH o 722180 b
5 AEHBSFRICBESNS. SWEOHERLZUTIC
Y.

1) IEEmHEE :

20gDF =y VaRA M) —2ERELNTARICED
WY, AEEEBK20mL 2 ERICMAZ. Shicz s
J—=10mLZMZ CTEMLEE S €%, 8.3mol/LiE
EBosmL ez % LTS0CTCLOMEBLIRE
HL, BEAML:. % SBEESWREHCEB L
SRRV AEELSY /- 20mL CHEL, &
BRESBRCEDLEL SRBRECYIF VTN
60mLZMR50MIEEL D L. d|REHH, AWMT—FNV
60mLEMRAEULI|EIMB L. BER ABELL
ERBERLHEEE L. REZNOSEEIIRL
JIFNI—FNBIUABMT—-7VRE (1:1) 60mL
A, RESHHBLAE KB LOHMAITI2ETS 2.

*2 EaREEEERRERTRERSERENREREN "HE
FREE BT L RERPEOINFELZCOWT" (R
11440 26 BV, HHE138)

HEEZEbE, R40mLEZMZ1I9ETEE IHEL, K
BEETR, HEREL 4EBRYELE, ML Ek
EEF MU T AEMZTHALAH L7, 40TUTT
BEEBRELE. BEYE LTEONEBEOER S
KHELE, F0100me Z2BHBAFVIXFIVOHR
L

2) GC-FID%
HELZBEES 2V EAMBI00mg 2 HHCED,
ERMEOHATAHIZEBEE 2.0l & EEISMZ 72,
0.5 moVLKEILF F U I A/XA Y ) — VBT SmLEMZ,
BEAN*EZCTERLAZZIZERL, 100T 74 Bz
L7z, B&E#H, 14%=Z7 9fbF o REAS ) —VEERIA S
J—VEenL2MA, 100C T5AEMALE B
% nANTI1ImLEMALISEBELCEE) L ®
WTHEAE T MY T ABHE SsmLEMA LY B
%, 600XgTIOLRELGEL, T ¥ U EEEL
KBIZn-~TF Y 1mL 2z, HEBLUSHLEDE
L, Bohizn~T¥ v EBradbeTHERE: L7
3) et

GC-FID

#S ht SP™.2560 (WEE0.25 mm, EE100m, BE
0.20 pm, SupelcoiH)

#5 AREE: 180T

EALOB X UBREEHEE - 250T
FRYFX—FR: ANYT A

F ¥ )Y —HFAWE: 1mL/min

EAE: 1L

A7Yy MH: 100:1

4) BE

PEBWIPLZ GCFIDKEAL TESLGNE, &£ELH
BAFNVIATVOY — 2 HE (AB L FAng) 25,
FTostas HA)~B)) iy, BR100ghH7=h o+
7 v ARMEEEERRD /-

WFAME, (g) - Ay XWTAG; CFrag XTCF (1)
TAG

FAME,: } 9 ¥ RIGHHEESFRBAF VAT VE
WFAME,: FAME,( @E% (g)
A;FAME, Q¥ — 2 HH
Wiag: TAG DIFEIE (g)

CFrag: TAGZBIIBA F VIR FNVICHRET L D 0%
"

TCF: B FID KEM AR
Apsg: TAG HEDIEHFBRA F VI A F VDY~ Hik

Wiea (@) =2, (Weanee, * Fea) (@)
Fra: Wenng, 2T 5 b5 Y ABBRO FEOERICH
(A WAL ALY
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BR&PD 7 v AJERFERE (g/100g)

JEHEE@mg) ,  100(g) (3)
100(mg) HAEEE(g)
AFETHERL/-C11:0, C18:0, C17:0, C21: 0LTx

F B CFrpctd, % 1 F11.0068, 1.0059, 1.0047, 1.0040

ThHh. T, FFFECTHENSELE LT A BRIERS

FHEPEUCEERFROTCE %, HNEEEE LMY S

Y54 FEDEAEDLEE LT Table 212K T,

= Wrpa X

BERBLUER

1. DIEDEBE

—#IC, PWENRESFRICHRE ST T, 547
THIERTERW, FlIZE Bick), drERKICES
hob5LEYEO LROBENEZEL L TEDLNS X
IRBATE, EICLoT, HENRPHERINS LEMN
HaH. HRINZTNE, BENSREISWENRDZ L
WZhd, ZoBEe, FA—EE5LZE LT, 5FE
TLIHERPR LR BHVREEEEETE 2. b5 v XEH
BFEROIODFHTHEMETH S, GC-FIDETIE, 3
BHRELA M7 P AEERSFROZEERE L LR
CEATREL, BRPEBRLEESR B8BTS S51C
GCFIDIZ L hE S MBS 2 HENILEYWHEERE TS
5 LERTABPIRFEROATHS. B URERET
BMHEINS, 2F D HHTELVEROERE 2 E 4 12

EETAHIEIRTELV. THIZEENZHBTHS. =
512, RAMBUSNORS > S IIEEEHE Ly hiulsz
Lhv, BEZ2EUHRSEAEREILILEHTH L0,
B4 DEGICELU/-HBE2BIRTILENSH L. X561
eI II R oEY L LCoE S 220, T
TRHEEINTWDFENGNE, ThEi¥ERATLI LN
WMEEEZD, TNOLOFEEEEELERIC, EBRENLS
EAOEEHLERE L, SEERBELL

1) REEEMHE

SWMBEONRE, —HEFLLAL O Ehb,
AOAC 996.06 L B3 EICREBOFED I L, HEKZN
S Ly ABARETEERE LR EED. Yodo—
Wik, BUESUET COSRCRELELZ RV bz &
BEX20gs L. ThIZARER»S, BEE LAY
Sy VanrA M) - OREEEIN20%THLEVHE
H/ERT, AFNVZATMUCET 5 100 mg DIEE 2%
FLUTHMTEE L HET L Th b, —RICIE, HEkHME
LT LTAGDEBEFBEIZETLEZVWIEIZEELD
O, BEEEZZERLT, JWEZEORBTHEICHSLZ
LB EZ S, e BERTTORBEBROGERELZE
BL, TAGEWEIZEHREL L7,

2) GC-FID%
GC-FIDETH, EHMED 2 WixER» Ml L
HaEmkSBL, 4 C7-EHEHEREY A FVIATFVEEE

Table 2. Theoretical conversion factors (TCF) for each molecular species of fatty acids used to calculate the quantity

TCF TCF
Fatty acid 1.S.C11:01S. C13: 018, C17: 0 1.S. C21: 0 Fatty acid 1.S.C11:01.8.C13:0 LS. C17:018. C21:0

C4:0 1.4020  1.4534  1.5257 1.5742 C18: 2 (9¢c,12c) 0.8984  0.9313  0.9776  1.0087
C6:0 1.1914 1.2351 1.2966 1.3378 C18: 3 (9t,12t,15t) 0.8922 0.9249  0.9709  1.0018
C8:0 1.0861 11259  1.1820 1.2196 C20:0 0.8966 0.9295  0.9757  1.0068
C10:0 1.0230 1.0604  1.1132 1.1486 C18: 3 (9t,12t,15¢)

C11:0 1.0000  1.0366  1.0882 1.1228 C18: 3 (9t,12¢,15t) 0.8922 0.5249 09709  1.0018
C12:0 0.9809 1.0168  1.0674 1.1013 C18: 3 (6c,9¢,12¢) 0.8922  0.9249 09709  1.0018
C13:0 0.9647 1.0000 1.0498 1.0831 C18: 3 (9¢,12¢,15t)

C14:0 0.9508  0.9856  1.0347 1.0676 C18: 3 (9c,12t,15t) 08922 0.9249 08709  1.0018
Cli4:1 (ot) 0.9429 0.9774 1.0261 1.0587 C20:1 (11t) 0.8911 0.9237 0.9697 1.0005
C14:1 (9¢) 0.9429  0.9774 1.0261 1.0587 C18: 3 (9¢,12t,15¢) 0.8922  0.9249  0.9709  1.0018
C15:0 0.9387  0.9731 1.0216 1.0540 C18: 3 (9t,12¢,15¢) 0.8922  0.9249  0.9709  1.0018
C15:1 (10t) 0.9314 0.9655 1.0135 1.0458 C20:1 (11c) 0.8911 0.9237  0.9697 1.0005
C15:1 (10c) 0.9314 09655  1.0135 1.0458 C18: 3 (9¢,12¢,15¢) 0.8922  0.9249  0.9709  1.0018
C16:0 0.9282 09622  1.0101 1.0422 C21:0 0.8906 0.9232  0.9692  1.0000
C16:1 (9t) 0.9213  0.9550 1.0026 1.0345 C20: 2 (11¢,14¢) 0.8856  0.9180  0.9637  0.9943
C16:1 (9¢) 0.9213 0.9550 1.0026 1.0845 C22:0 0.8851 0.9176 0.9632 0.9939
C17:0 0.9189  0.9526  1.0000 1.0318 €20: 3 (8c,11¢,14c) 0.8800  0.9123  0.9577  0.9881
C17:1 (10t) 0.9124  0.9458  0.9929 1.0245 C22:1 (13t) 0.8801 0.9124 09578  0.9882
C17:1 (10¢) 0.9124 0.9458  0.9929 1.0245 C20: 3 (11¢,14¢,17¢) 0.8800  0.9123  0.9577  0.9881
C18:0 0.9107  0.9440  0.9910 1.0225 C22:1 (13¢c) 0.8801 0.9124  0.9578  0.9882
C18:1 (6t) 0.9045  0.9377  0.9843 1.0156 C20: 4 (5c,8¢,11¢,14c) 0.8745  0.9065  0.9516  0.9819
C18:1 (9t) 0.9045  0.9377  0.9843 1.0156 C23:0 0.8801 0.9124  0.9578  0.9883
C18:1 (11t) 0.9045  0.9377  0.9843 1.0156 C22: 2 (18¢c,16¢) 0.8751 0.9071  0.9523  0.9826
C18:1 (6¢c) 0.9045  0.9377  0.9843 1.0156 C20: 5 (5¢,8¢,11¢,14¢,17¢) 0.869 0.9008  0.9456  0.9757
C18:1 (9c) 0.9045 09377  0.9843 1.0156 C24:0 0.8756 0.9076  0.9528  0.9831
C18:1 (11¢) 0.9045  0.9377  0.9843 1.0156 C24:1 (15¢) 0.8710 0.9029  0.9478  0.9779
C18:2 (9t,12t) 0.8984  0.9313  0.9776 1.0087 C22: 4 (7c,10c,13¢,16¢) 0.8650  0.8967  0.9413  0.9713
C18:2 (9¢,12t) C22: 5 (4c,7¢,10¢,13¢,16¢) 0.8600  0.8915  0.9359  0.9656
C19:1 (7t) 0.8984 09313 0.9776 1.0087 225 (7c,10¢,13¢,16¢,19¢) 0.8600  0.8915  0.9359  0.9656
gig f é?g t1)2«;) 0.8984 09313 0.9776 1.0087 C22: 6 (4¢,7¢,10¢,18¢,16¢,19c)  0.8550  0.8863  0.9304  0.9600
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HELTHET S, ZOAFVZAFMEEBICHEDL &
Higds v iiEE0ER, FIDICLA2REOEEERE
L100mg& L7 %/, —HORBTREDOMAKSEL
TtotEZ o2 UEERESHF ORI, 0.5 mollL
KEEEF P YT /A Y ) —VBKEE3mL & L7z
GC-FIDIEIZ L Y 58 - FEWELR b v AR T
BICoWTHEREL: 2180 M5 VY ARHBSFELZ S
IR BA F VIR T VIE#ERE (Table 1) %
GC-FIDEI L hHlELEO N, RENEIOT TS
AEFig 1CRT. EEREOHEHERE,L S, C18:2
(9¢,12t) £ C19:1 (7t), C18:2 (9t,12¢) & C19:1 (10t),
C18:38 (9t,12t,15¢) & C18:3 (9t,12¢,15¢), C18:3 (9ec,
12¢, 15t) & C18:3 (9¢,12t,15t) AT E R W L AF
Hehbhor: Fig. 1). ThH40DEHAEHLE T,
BroHFREILICERTAIERTELW, LAL, b
T UyAEFBEE LTEETHILETHRELD, 2180
N7 Y ARGEBSTFEFHENSE LS. S8 HiE
EREPAFTEEE 256 2 & CHENSOEHIEZ 51
BEDDHL. wFhict X, HENESEDLLTHD
T, HIEEP—BIcgTA L), FEEFMTOER
NEF—KT5. T/ RULHIWEENBLREZZL
=, Hooi T 2 RSERERE L airEicovw T
REME L, METEHLIIKRA.
ERERCEINARYBESTEORPHEKIZIIEET
bBz, ThoEHRSFENSECETS, IhEL
DEREBB LD, EBOHWIHRILD. 22T, £<
OERIZEIZEINSCI8: 1DJEHRICOWT, 20
EB L URARMEEAOSHMERIA L. FO8R, AR
U - 26O BSFRED S b, EHOIHBSTE
PRELEWI EPFHLPE R (Fig. 2). $77, —
HoO Y AMOREHBSTFEE Y5 v RGBS FEIS 8
LawZ e dHERIN:. RICZORSHEREL LEE
THhiE, YAROEHBREZEBERCEDLZLICER
FTHEDN, TARGHHERICEZS., COBER2YET
BT, A9 ADFERPLGCEMGOREICLY, S8
FHES¥EIESELILNS. LIL, 20X 2HE
CHBRIESY, 2TOr o Y ARPBESFELZSE - A
ETAHAILEIRETHAH. —HT, YARORBBRSTF
BrabhARtams, EMBRETAILLAENEER
ERBIT 77EL, 0D, BEYGRENERT
LALZWEFETICEND Z L OERABAT R TH 5. EH#
REFLTNWEAZTE LW LITNAT, BEGREORE
FHTER., FRESNOEITEVWIBEEAPLIE, XY
ZHOEEREOBHENL I NS,

2. MREHEFIEDSE

A THEL T Y ABEBSER, —FTH
5. BETIR, BERNBETAIEGPHRISA TRV
D, NOTEERED 5 VIZEETHLEPELLES
I, ENLOLWER, ERETROBNETELERT A
72, —EOWREZHLZLTWARIThERL2W, 20

ZZ4, SMEOBEBRE AR EREEEEICE D FE
FHRLMIFbORTVE I L%, EEFEE L) SED
BUMFMH A FIA VIR ERTVEIERE D
B@mEshL ZF2TET, T ABTBRSWEOMESE
liFER R L

1) MEGEHELETCIER T NEHIE

HEFMOmRE LT, UTOEEMH IR T
hELb6hwv. 1) WENEL TS T Y AEFES &
EZDRRNDEBIEZ ONDIRHESTFHEEN, 54
HNRELIZREMOFHECR U CENIGERSATWE Z
&, 2) BRUATRTCOBWESFEICOWT, EER
EOLNELHEICLY, HHEERFREBIVZOET)
WKETAER (VFryardy4ararrin) »35E8s
htwzzl, 3) RERHOEHFRAEL ER2ICEEL
BWKESTHBHI L.

AP, BENSL L2210 b5 Y X RHEES
FHEL2ED, IEORPRSFELRERLL FEE,
ZHFAEL LTAFWERIAEPIFEBROHRE 25, 61
BORBBASFREOAFNIA T VEEREY 1HHD
IEHEL, ChEZTHHEEVELTERLAEYVF YV e
YFAATHT 74 V%E Table 3ICRT. SBEL 27z
A FREITVTNRD SV RABHBE T -0, &
FEIBAECTERTAZEE L. 7., BEEEOE
BEZTHEEITZRL, BohERMKRLEREL, B
FHLERBEAOLHHEAL L L2, AEOROEEL L
7z.
LERRD2) BLU3) ORIy, FBLEVE
DD VIR OZEEIREWI EBELR L 2o
Mo AR FRMET A ENTER . #HT
577500y POEVRHWOBEYRLICE B4
Lo THTEOBEREMIE LS. FEBOST
i, NRARICE TN LEHESFEOEHLELEA
ELT, HMOBRENEDLLITEE DS, YT ay
A ADEE L RIERRIEEL OBRIZ, —EOHER
BRRETAZLETER. EREEN, EECEED
BEHREIET 200, KORBOHIMICHELLHEEL,
BEIGER, EELZThEZ60w

2) EEESTRIEE ORE S REBEH

LTFMTREEESTEOHREL LT, EFLEE
BT TICERBE) 2RELL H#TE&H20UKE
BENT ToOREEECREBROEER  AREICHESRT
5720, HHHEEROHHES4M EE L BAEBIK
B, 1H2E0EMARZHTHITL, Chi5AHER
THIEREREE L L HFEBOKREKOoWT,
T35,

3) T3 b ABEBRS FROER

SWMEOEERLVRELHEET 0K, BEL
HEZEHEICON L TEONE —BEOEREINEL 2
5. BHEWSRESh-ERE LT, (FRED) B
BIFoha, Lal, M VRABHESITIED, £ D
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Table 3. Retention time profile for molecular species of fatty acids used as standards in this study

Retention time (min) Retention time (min)
Pls:k Fatty acid Range (+30) P;zk Fatty acid Range (%30)
. Ave, s, —— - Ave. sp, —m—
Start End Start End
1 C4:0 10.31 0.002 10.30 10.31 31 C18:3 (9t,12t,15¢) 33.76 0.034 33.66 33.86
2 c6:0 10.55 0.003 10.54 10.56 32  (20:0 34.04 0.079 33.80 34.28
C18:3 (9t, 12t, 15¢)
3 C8:0 10.95 0.003 10.94 10.96 8 g ot 120, 158) 35.26 0.039 35.14 35.38
4 C10:0 11.62 0.004 11.61 11.64 34  C18:3 (6¢,9¢,12¢) 35.63 0.031 35.54 35.72
C18:3 (9¢, 12¢, 15t)
5 C11:0 12.13 0.004 12.11 12.14 85 la:a (e 126, 150) 35.95 0.035 35.85 36.06
6 Ci12:0 12.78 0.004 12.77 12.79 36 C20:1(i1t) 36.77 0.076 36.54 37.00
7 C13:0 13.63 0.004 13.62 13.64 37  C18:3 (3¢ 12t, 15¢) 37.19 0.039 37.07 37.30
8 C14:0 14.75 0.006 14.73 14.77 38  C18:3 (9t, 12¢, 15¢) 87.45 0.040 37.33 37.57
9 C14:1 (9¢t) 15.61 0.008 15.60 15.63 33 020:1 (1lc) 38.20 0.061 38.02 38.39
10 C14:1 (%) 16.11 0.005 16.10 16.13 40  C18:3 (9¢, 12¢, 15c) 38.40 0.033 38.30 38.49
11 C15:0 16.21 0.008 16.19 16.23 41 C21:0 41.53 0.116 41.18 41.88
12 C15:1 (10t) 17.33 0.008 17.31 17.36 42 C20:2 (11 14c) 45.88 0.075 45.66 46.11
13 C15: 1 (10c) 17.96 0.008 17.94 17.98 43  C22:0 51.39 0.196 50.80 51.98
14 C16:0 18.14 0.012 18.10 18.17 . 44  (20:3 (8¢, 11c, 14c) 52.51 0.073 52.29 52.73
15 C16:1 (9t) 19.36 0.012 19.32 19.40 45  C22:1(18%) 55.89 0.186 55.33 56.45
16 C16:1 (9c) 20.01 0.012 19.97 20.04 46 ©20:3 (1lc, 14c, 17c) 57.18 0.089 56.92 57.45
17 C17:0 20.65 0.020 20.59 20.71 47 C22:1 (18¢) 58.07 0.141 57.64 58.49
18 C17:1 (10t) 22.24 0.020 22.18 22.30 48 (©20:4 (5c, 8¢, 11c, 14c) 58.50 0.068 58.30 58.70
19 C17:1 (10c) 23.02 0.019 22.97 23.08 49  C23:0 64.73 0.231 64.03 65.42
20 C18:0 23.94 0.038 23.83 24.05 50  C22:2 (18c, 16c) 70.45 0.166 69.96 70.95
21 C18:1 (6t) 25.65 0.041 25.52 25.17 51 €20:5 (5c, 8¢, 11c, 14c, 17¢) 74.01 0.080 73.97 74.25
22 C18:1 (9t) 25.80 0.032 25.70 25.89 52 (024:0 81.75 0.358 80.67 82.82
23 C18:1 (11t) 25.97 0.035 25.87 26.08 53 C24:1 (15¢) 91.89 0.271 91.07 92.70
24 C18:1 (6c) 26.38 0.033 26.28 26.48 54  (22:4 (7c, 10c, 13¢, 16¢c) 92.69 0.148 92.24 93.13
25 C18:1 (9c) 26.61 0.031 26.52 26.70 55 022:5 (4c, Tc, 10c, 13c, 16c) 102.11 0.148 10167  102.56
26 C18:1 (11c) 26.99 0.032 26.90 217.09 56  C22:5 (7c, 10c, 13c, 16c, 19¢) 118.57 0.179 11803  119.11
27 C18:2 (ot, 12t) 29.15 0.032 29.06 29.25 57  ©22:6 (4c, 7c, 10c, 13c, 16¢, 19¢) 131.58 0.158 13111  132.05
C18:2 (9¢, 12t)
28 C18+1 (78 30.20 0.065 30.01 30.40
C18:2 (9t, 12¢)
29 C19:1 (108) 30.64 0.045 30.51 30.78
30 C18:2 (9¢, 12¢) 31.38 0.031 31.29 3148

The retention time data for each fatty acid obtained by repeated analysis of standards for 7 days was used to calculate average
and standard deviation.

25 4
56,78 12,13,14,15,16
~ 20 3.4 9 7
fé \ 17,18 22
2 15 10° 2021 [2324 25
i
E 12 26
2 w0 l
2B
; \
‘ 11
24 25 2 27 28 2 30 k

Retention time (min)

Fig. 2. Representative GC chromatograms of 26 kind of molecular species of C18:1 fatty acids
Peaks are numbered as folllows: 1:C18:1 (4t), 2:C18:1 (5t), 3: C18:1 (6t), 4: C18:1 (7t), 5: C18:1 (8t), 6: C18:1 (4¢),
7: C18:1 (5¢), 8: C18:1 (9t), 9: C18:1 (10t), 10: C18:1 (11t), 11: C18:1 (12t), 12: C18:1 (7c), 13: C18:1 (131), 14: C18:1
(6¢), 15: C18:1 (14t), 16: C18:1 (8¢), 17: C18:1 (9¢), 18: C18:1 (15t), 19: C18:1 (10c), 20: C18:1 (1lc), 21: C18:1
(12c), 22: C18:1 (13c), 23: C18:1 (16t), 24: C18:1 (14c), 25: C18:1 (15¢c), 26: C18:1 (16¢).
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SR BWT, BRTEE BREIH WISk ) B R
BEAFTEZILIID RV, Dk, KFETIE, 4
WL TEEDEVIEFRICEVOAERFHENLE
AEHC, BEO M ARG FELZRMURE L 2E
B (A 2ER L.

e b7 v AIEIFER S FHED DITEBRIC BT 5 BEhs
—~HLTBY, TNThoOERBICEELEZZE LS ER
Lo b, HNABORBICIIEES T VR
D FHEL2ERT2 2 LBTMETH S, LrL, HEEA
IR L LTETNTWBS5TFERHEIN L 2EE121,
BRYOFEREFMBOSEENEEEOHFEL LS
7%, MEBRASBERDELSIKLEFELSL. 205
&, WRMREZLER, BA—05HECEINBRZ2o0
EREOETHL -0, EEBIUCHEEZEYICHEET S
ZERELY, A THWAERRBOENSTERIC
oK, FLBELAOHDTFEOBBHEI—FHLTWBEEREEL
729 2T, BAWHTSH - -EEREFsOD Mo Y 2R
Wil 7 (C15:1 10t, C16:1 9t, C17:1 10t, C20: 1
11t, C22:1 13t) ZEHIMTH 7=

4) FITBEDFRE

/EBICE, [ERK100gh72Y (EHEHEHEXAEICH -
TIZ100mL&720) O+ 5 Y ABHBOESEEDI03g
KRB THABAWIR0gE RARLTHIELZZ 2] LD
A, M5 UABHEEE 0.3g/100g0BETELARBICI,
B—nb7 v ABEHESFEH0.3g/100gDRETES
NTVEHRLEMLZ D DL, FHEOH/TFEOEDORL L
T03g00gA BTN TVWHELDET, SFIIASR
PEEINE. BL4D T Y AEHRSFREICE—EICE
TAHMLEXDL. TREFREEICIVMAD ETNIT,
PEBLLS —F, ZBEOAZIEINS b v XEW
BoFREOBELFoBRIEI—E TR RWED, PSR
EBER—BICRET SR\, SWEOEELEEIR,
eI ARERBICH LEESINS. LT, S
> APERFEE TR O MR, B4 0 b5 A RIEBS TE
DOEEME BEg0EEE) wEox#EE, FHMTe L
LaT&Zv., UEOBEHRBIUERICETE, RRAWIE
Z2onTit, A0 Mg AEHEESFEE0.3g/100g
DORETHRMURE L 288084, MREFMcER L %
72, CORBEDIZD LIE2EENEINTWIZEED
FAEDOWREA~DOBEE S Gh 3 TR L, HEasste i 2 Rt
TAERDOF—FE Lk FhFoyyanxI b -0
BT, FoovanRA M -DOESHRET, 03g/100g
ERMEORKBEEL L, TOHIREBIUIBEIZD
WTHRE L7z,

3. MAEEHE DGR

B LRI MFEEr BV B on-EE5E 2 BF
L, EEBIUHBEZ#EE L7z (Table 4-1~4-5). 7z,
0.3g/100 g DFRMBEOLGWERPOHEE S NIEEL
FEWBEO Ty % Fig. 3 & Fig. 4R T. L%
MU ABESFREOEEMIZ, AMERETEICEHL

oo EEZRMEELEMEE LCHEERELE BER, B85
hEBEEZF— %ty b3 5 —TREBEDWRIFT O
FhoHEE L

EREBMETLL, BRHMED Z2VWEF=2y YarX b
Yo, FhKLT  RABHEBESTEOBRMEEIZL ST,
EABEITEANIZERRE L L T25% £ HEEZ
90~110% TH o7z (Table 4). F/z, REHDKS LIS
B % NEMZERE L L2403 CEEMME S HE ST AN
RO SNz, TN, Fig. 312 & - THENICOHE
BTHZLENPTESL. BEREZHSHIZTH20, AEEZHE
DREBOEMIE, BoNBESHRENSKELL RS
EERFERLZ. FIDOKHERLE LT, —EETHoTH
REBOBMIIG L TR OLNLETRENREL LI
(MREOBRENELLZ L) PHOLNTWES, TAEZME
THHE»S, & VARSI FEOECRERZERT
AL, HERFIDEEMERESAVLONS. TAGD
SR, EEERIEEO A FNbRe N A ux b5 712X B
SEER Y, TOMOERE*BFETAHILRITERVAY, |
ERIEHRERE I D RBHIIK E WIT L, BHRFIDRERHIE
BRESFHOBE TSR LTV WA REIE LS
ns.

B L b5 U RIEIEESTHE & O AE B I
BMREELT UTOZAMRESK. XEHERELL
72BANT, C17:1 (10t) OSWHER»OHEEENIEE
25, WINBEW L6, Tofmo b RIS T/
YKV (Table 4-1). TDHHBIL, ¥ 757 —HTIHAE
BICEHEEN7DY (Table 4-3), BV 3IRRKTIRBE SN
Twiw, Iva— b 72888 L-EA,
C20:1 (11t) ORI SEESINLEER, oA
B NS BB FEOBAALSDEI LT INLE
Blohx, bi¥hrlckEfis o7 (Table 4-4). 2D
FERIT, NEEEL T LIRS FEIEFEL 2y (Fig
4). DEoRIE BREL IS VABPBRSFELD
HMASOEPEECHEECR 2B +5 2 2 WHEEEFR
BLTWw5S,

4. HEEEEEOGE

PR EEAEIZIE, SATEBNOERLZE L, OEFT
BEaEERELZITIUIZ S 2. b T Y RIEBAHD
He9i3, RRABOELHEEZRIET 20ICRYZoTER
2EBAEIETHAE. LHL, TOHMISUTAENRE
ERETHLODOERIT RV, FZT, CodexFHs~
Za T VIRENT: [DirEOMEEEES X USEHI A
ENDFIEDOFFMICE T A2 BEREDZDOOH A4 ¥4
Y WATF, 45402 25 E—RICRESNS
MEREEOSEL L, S LICANETHEL:-SWED
PR SEERER %, ETTRMORME LT, o v aEE
B oA OV BRI BB R ARE L 7.

BEE, 4S54 rPIcllEN R E o
0.1% L 1% KM OFEI, BEUNERE 95~105% 125k ET
AEPRENTWS, T2, FFEICI Y EESNEE
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Table 4-1. Trueness, repeatability and reproducibility of the method for soybean oil samples

Internal standard Ci1:0
Fortified level
. . 0.6
(g/100 g) 0.15 03
eMolec;‘liar RSDr RSDR  Trueness RSDr RSDr Trueness RSDr RSDR  Trueness
Species ot trans- (%) %) (%) (%) (%) (%) (%) (%) (%)
fatty acid
C15:1 (10t) 1.4 1.7 100.0 0.5 0.9 99.8 0.7 0.8 101.0
Ci6:1 (9t) 1.5 1.8 101.8 1.3 1.6 101.6 0.4 1.3 101.8
C17:1 (10t) 1.6 2.1 98.1 0.5 1.0 98.9 0.9 1.1 97.3
C20:1 (11t) 1.1 2.2 105.2 0.6 1.0 102.1 0.5 0.8 102.3
C22:1 (13t) 1.6 1.6 100.2 0.8 0.9 99.4 0.9 1.1 100.5

Table 4-1. (Continued)

Internal standard C13:0

Fortified level

(/100 g) 0.15 0.3 0.6

M"l"‘cﬁar RSDr  RSDR  Trueness  RSDr  RSDr  Truemess  RSDr  RSDR  Trueness

species of trans- %) %) (%) (%) (%) (%) (%) (%) (%)

fatty acid .
C15:1 (10t) 1.2 1.6 97.3 0.5 0.9 97.4 0.2 0.2 98.6
C16:1 (9t) 1.5 1.8 99.0 1.1 1.5 99.1 0.5 0.8 99.4
C17:1 (10t) 1.6 2.0 95.4 0.3 0.8 96.5 0.4 0.5 95.0
C20:1 (11t) 0.9 2.1 102.3 0.5 0.8 99.6 0.2 0.3 99.9
C22:1 (13t) 1.3 1.3 97.5 0.5 0.7 97.0 0.4 0.7 98.1

Table 4-1. (Continued)

Internal standard C17:0
Fortified level
(/100 ¢) 0.15 0.3 0.6
Moleg;iar RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDr  Trueness
Species of trans- (%) (%) (%) (%) (%) (%) (%) (%) (%)
fatty acid
C15:1 (10t) 1.2 1.7 93.8 0.6 1.0 94.0 0.2 0.3 95.1
Ci6:1 (9t) 1.5 1.8 95.5 1.1 1.5 95.6 0.6 0.8 95.9
C17:1 (10t) 1.6 2.1 92.0 0.3 0.9 93.1 0.3 0.5 91.6
C20:1 (11t) 0.9 2.1 98.7 0.6 0.9 96.1 0.3 0.3 96.3
C22:1 (13t) 1.3 1.3 94.0 0.4 0.8 93.5 0.4 0.7 94.6

Table 4-1. (Continued)

Internal standard . C21:0
Fortified level
(¢/100 2) 0.15 0.3 0.6
M."lec;‘;ar RSDr RSDr  Trueness  RSDr RSDr  Trueness  RSDr RSDR  Trueness
Epecies o1 irans- (%) (%) (%) (%) (%) (%) (%) (%) (%)
fatty acid
C15:1 (10t) 1.0 1.6 94.6 0.6 0.8 94.7 0.3 0.3 95.9
C16:1 (9t) 1.7 1.8 96.3 1.3 14 96.5 0.5 0.6 96.6
C17:1(10t) 1.6 2.0 92.8 0.6 0.9 93.9 0.5 0.5 92.3
C20:1 (11t) 0.8 2.0 99.5 0.6 0.9 96.9 0.3 0.3 97.1
Cc22:1 (18t) 1.1 1.1 94.8 0.7 0.9 94.4 0.4 0.5 95.3

RSDr: Repeatability, RSDr : Reproducibility within-laboratory
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Table 4-2. Trueness, repeatability and reproducibility of the method for rape seed oil samples

Internal standard C11:0
Fortified level
(/100 &) 0.15 0.3 0.6
Voleowar  RSDr  RSDe  Truemess  RSDr  RSDR  Trueness  RSDr  RSDe  Trueness
Speggtty aeid (%) (%) (%) (%) (%) (%) (%) (%) (%)
C15:1 (10t) 0.9 1.5 99.3 1.1 1.3 99.8 0.5 0.9 102.0
C16:1 (9t) 1.3 1.3 100.2 1.1 1.1 101.3 0.3 0.4 103.1
C17:1 (10t) 2.1 2.1 100.6 1.3 1.3 101.7 1 1.1 100.3
C20: 1 (11t) 0.7 1.2 99.5 1 1.1 99.3 0.7 0.7 101.6
C22:1 (13t) 1.1 1.1 100.8 0.6 0.8 99.4 0.5 0.6 101.3
Table 4-2. (Continued)
Internal standard C13:0
Fortified level
(/100 2) 0.15 0.3 0.6
s M::legx?; s RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDr Trueness
Pe;;tty o (%) (%) (%) (%) (%) (%) (%) (%) (%)
C15:1 (10t) 0.7 1.5 96.8 0.7 1.1 97.4 0.4 0.7 99.4
C16:1 (9t) 1.2 1.3 97.7 1.1 1.1 98.8 0.5 0.5 100.5
C17:1 (10t) 2.0 2.1 98.1 1.0 1.3 99.2 0.8 0.9 97.8
C20:1 (11t) 0.8 1.4 97.0 0.7 0.9 96.9 0.4 0.4 99.1
c22:1 (13t) 1.1 1.3 98.3 0.6 0.7 96.9 0.3 0.5 98.8
Table 4-2. (Continued)
Internal standard C17:0
Fortified level
(6100 g) 0.15 0.3 0.6
. Nfieg;if;ns RSDr  RSDr  Truemness ~ RSDr  RSDR  Trueness  RSDr  RSDR  Trueness
pe;a ey acid (%) (%) (%) (%) (%) (%) (%) (%) (%)
C15:1 (10t) 0.7 14 93.8 0.7 1.1 94.6 0.3 0.6 96.7
C16:1 (9t) 1.2 1.3 94.7 1.0 1.0 96.0 0.5 0.6 97.7
C17:1 (10t) 2.0 2.0 95.1 1.1 1.3 96.3 0.6 0.7 95.0
C20:1 (11t) 0.8 1.4 94.1 0.7 1.0 94.1 0.4 0.4 96.3
C22:1 (13t) 1.1 1.4 95.3 0.5 0.7 94.1 0.3 0.5 96.0
Table 4-2. (Continued)
Internal standard C21:0
Fortified level
(61100 g) 0.15 0.3 0.6
Mglec:iar RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDr Trueness
Spe;’;tjy"aci’gns' (%) (%) (%) (%) (%) (%) (%) (%) (%)
C15:1 (10t) 0.6 1.4 94.0 0.6 1.0 94.8 0.2 0.7 97.0
C16:1 (9t) 1.2 1.3 94.9 1.0 1.0 96.2 0.6 0.7 98.0
C17:1 (10t) 2.0 2.0 95.3 1.2 1.4 96.6 0.8 0.8 95.4
C20:1 (11t) 0.9 1.3 94.2 0.6 1.0 94.4 0.6 0.6 96.6
C22:1 (13t) 1.3 1.4 95.5 0.6 0.7 94.4 0.4 0.7 96.3

RSDr: Repeatability, RSDr: Reproducibility within laboratory
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Table 4-3. Trueness, repeatability and reproducibility of the method for safflower oil samples
Internal standard Ci1:0
Fortified level ;
. . 0.6
(/100 g) 0.15 0.3
S el:g:e;;za;ns_ RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDr Trueness
P " (%) (%) (%) (%) (%) (%) (%) (%) (%)
fatty acid
C15:1 (10t) 1.7 1.8 97.2 1.0 1.4 99.1 0.3 0.9 99.6
C16:1 (9t) 1.2 1.3 98.7 1.2 1.9 100.6 0.5 0.7 100.6
C17:1 (10t) 0.9 1.5 95.5 0.7 1.4 98.1 0.5 0.9 96.3
C20:1 (11t) 1.2 1.5 96.3 0.4 1.6 98.3 0.7 1.1 100.7
C22:1 (13t) 1.9 2.0 98.6 1.2 1.8 98.7 0.6 1.1 99.2
Table 4-3. (Continued)
Internal standard C13:0
Fortified level . . -
(/100 g) 0.15 0.3 0.6
s eg:ieg;tlarn RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDr Trueness \
P fatty o (%) (%) %) (%) (%) (%) (%) (%) %)
C15:1 (10t) 1.0 1.0 95.2 0.6 0.9 97.1 0.6 0.6 98.0
C16:1 (9t) 1.3 1.3 96.7 0.7 1.3 98.6 0.8 0.8 99.1
C17:1 (10t) 0.3 0.8 93.6 0.3 0.8 96.1 0.4 0.5 94.8
C20:1 (11t) 1.1 1.1 94.3 0.9 1.5 96.3 0.5 0.7 99.1
C22:1 (18t) 1.3 1.5 96.6 0.7 1.2 96.7 0.6 0.9 97.7
Table 4-3. (Continued)
Internal standard C17:0
Fortified level
(e/100 ¢) 0.15 0.3 0.6
oioletlar  RSDy  RSDR  Truomess  RSDr  BSD:  Truemess  RSDr  RSDR  Truemess
g rans (%) (%) (%) (%) (%) (%) (%) (%) (%)
fatty acid
C15:1 (10t) 0.9 1.0 92.4 0.6 1.0 94.4 0.6 0.7 95.3
C16:1 (9t) 1.3 1.3 93.9 0.7 1.3 95.9 0.9 0.9 96.4
C17:1 (10t) 0.3 0.8 90.9 0.3 0.8 93.5 0.4 0.5 92.2
Cc20:1 (11t) 1.2 1.2 91.6 0.9 1.5 93.7 0.5 0.8 96.4
C22:1 (18t) 1.3 1.4 93.8 0.7 1.2 94.0 0.7 1.0 95.0
Table 4-3. (Continued)
Internal standard C21:0
Fortified level
(6100 g) 0.15 0.3 0.6
Molec;iar RSDr RSDr Trueness RSDr RSDr Trueness RSDx RSDR  Trueness
Species ot trans- (%) (%) %) (%) (%) (%) (%) (%) (%)
fatty acid
C15:1(10t) 1.0 1.1 92.3 0.6 1.1 94.3 0.6 0.8 95.3
. C16:1(9t) 1.4 1.4 93.7 0.7 1.5 95.7 0.9 1 96.4
C17:1 (10t) 0.5 1.0 90.7 0.2 1.0 93.3 0.4 0.7 92.2
C20:1 (11t) 1.1 1.4 91.4 0.9 1.6 93.5 0.5 0.8 96.4
C22:1(13t) 1.3 1.5 93.6 0.7 1.4 93.9 0.7 1.1 95.0

RSDr: Repeatability, RSDr: Reproducibility within laboratory
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Table 4-4. Trueness, repeatability and reproducibility of the method for shortening samples

Internal standard Cl1:0
Fortified level
. 0. .
(/100 g) 0.15 3 0.6
Molec;xilar RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDgr Trueness
Speaies ol trans- (%) (%) (%) (%) (%) (%) (%) (%) (%)

fatty acid
C15:1 (10t) 1.3 1.4 97.9 0.4 1.3 100.5 0.6 1.1 1015
C16:1 (9t) 1.4 1.6 100.2 0.6 1.1 103 0.5 1.1 102.6
C17:1 (10t) 1.3 1.6 96.3 1.1 1.5 99.9 1.7 1.9 98.7
C20:1 (11t) 1.1 1.1 96.1 0.7 3.3 98.7 2.0 2.1 101.5

C22:1 (13t) 1.7 2 98.7 0.9 1.6 100.4 0.5 1.7 101.1

Table 4-4. (Continued)

Internal standard Cl3:0
Fortified level -
(61100 8) 0.15 0.3 0.6
. eM:ieg;‘if;ns_ RSDr RSDr  Trueness  RSDr RSDR  Trueness  RSDr RSDR  Trueness
P ;;tty s (%) (%) (%) (%) (%) (%) (%) (%) (%)
C15:1 (10t) 0.9 0.9 95.6 0.2 0.8 97.8 0.5 0.6 98.9
C16:1 (9t) 1.1 1.1 97.9 0.5 0.6 100.2 0.9 1 100.1
C17:1 (10t) 0.9 0.9 94.1 0.7 1.0 97.2 1.6 1.6 96.1
C20:1 (11t) 1.3 1.3 93.9 0.6 2.8 96.0 1.9 2.1 98.9
C22:1 (13t) 1.7 2.0 98.7 0.9 1.6 100.4 0.5 1.7 101.1
Table 4-4. (Continued)
Internal standard C17:0
Fortified level
(61100 &) 0.15 0.3 0.6
o elc\:/liiesx:ns- RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDr Trueness
P Fatty acid (%) (%) (%) (%) (%) (%) (%) (%) (%)
C15:1 (10t) 1.0 1.0 92.0 0.3 0.7 94.3 0.6 0.6 95.5
C16:1 (9t) 14 1.1 94.2 0.5 0.5 96.6 0.9 0.9 96.6
C17:1 (10t) 0.9 0.9 90.6 0.6 0.9 93.7 1.1 1.1 92.3
C20:1 (11t) 1.3 1.3 90.4 0.6 2.6 92.6 1.9 2.1 95.4
C22:1 (13t) 1.4 1.4 92.9 0.6 1.0 94.2 0.6 0.9 95.1
Table 4-4. (Continued)
Internal standard C21:0
Fortified level
(6100 2) 0.15 0.3 0.6
Molecular RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDr Trueness
spe of trans-
1 ;;‘:jy o %) (%) (%) (%) (%) (%) (%) (%) (%)
C15:1 (10t) 0.9 0.9 92.4 0.3 0.7 94.5 0.6 0.6 95.8
C16:1 (9t) 1.0 1.0 94.6 0.5 0.6 96.8 1.0 1.0 96.9
C17:1 (10t) 0.8 0.8 90.9 0.7 0.9 93.9 1.7 1.7 93.1
C20:1 (11t) 1.2 1.2 90.7 0.7 2.6 92.8 2.0 2.1 95.7
C22:1 (13t) 1.3 1.3 93.2 0.6 1.0 94.4 0.6 0.8 95.4

RSDr: Repeatability, RSDr: Reproducibility within laboratory
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Table 4-5. Trueness, repeatability and reproducibility of the method for Danish pastry samples
Internal standard Ci1:0
Fortified level
(e/100 ¢) 0.06 0.12 0.3
S elg:iec;iar RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDr Trueness
pecies ot trans: (%) (%) (%) (%) (%) (%) (%) (%) (%)
fatty acid
C15:1 (10t) 0.9 1.5 99.3 1.1 1.3 99.8 0.5 0.9 102.0
C16:1(9t) 1.3 1.3 100.2 1.1 1.1 101.3 0.3 0.4 103.1
C17:1(10t) 2.1 2.1 100.6 1.3 1.3 101.7 1.0 1.1 100.3
C20:1(11t) 0.7 1.2 99.5 1.0 1.1 99.3 0.7 0.7 101.6
C22:1(13t) 1.1 1.1 100.8 0.6 0.8 99.4 0.5 0.6 101.3
Table 4-5. (Continued)
Internal standard Ci13:0
Fortified level
(2100 ¢) 0.06 0.12 0.3
R 1;4016?1“ RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDrR  Trueness
P oty acd %) ) %) (%) %) (%) %) %) (%)
C15:1(10t) 0.7 1.5 96.8 0.7 1.1 97.4 04 0.7 99.4
Ci6:1(9t) 1.2 1.3 97.7 1.1 1.1 98.8 0.5 0.5 100.5
C17:1 (10t) 2.0 2.1 98.1 1.0 1.3 99.2 0.8 0.9 97.8
C20:1(11t) 0.8 1.4 97.0 0.7 0.9 96.9 0.4 0.4 99.1
C22:1 (13t) 1.1 1.3 98.3 0.6 0.7 96.9 0.3 0.5 98.8
Table 4-5. (Continued)
Internal standard C17:0
Fortified level
(e/100 ¢) 0.06 0.12 0.3
N..[olec;‘liar RSDr RSDr Trueness RSDr RSDr Trueness RSDr RSDR  Trueness
species ot trans- (%) (%) %) (%) (%) (%) (%) (%) (%)
fatty acid
Ci5:1 (10t) 0.7 1.4 93.8 0.7 1.1 94.6 0.3 0.6 96.7
Ci6:1 (9t) 1.2 1.3 94.7 1.0 1.0 96.0 0.5 0.6 97.7
C17:1 (10t) 2.0 2.0 95.1 1.1 1.3 96.3 0.6 0.7 95.0
C20:1 (11t) 0.8 14 94.1 0.7 1.0 94.1 0.4 0.4 96.3
C22:1 (18t) 1.1 1.4 95.3 0.5 0.7 94.1 0.3 0.5 96.0

RSDr: Repeatability, RSDr: Reproducibility within laboratory
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Table 5. trans-Fatty acid contents in soybean oil, rape seed oil, safflower oil, shortening, and Danish pastry samples

Results
Sample Molecular species of trans-fatty acid
Average SD. RSD%
(/100 g)
C18:2 (9c, 12t) 0.40 0.004 0.9
C18:2 (9t, 12¢) 0.36 0.008 2.2
C18:3 (9t, 12t, 15¢)/C18: 3 (9t, 12c, 15t) 0.08 0.004 4.5
Soybean oil C18:3 (9c¢, 12¢, 15t)/C18:3 (9¢, 12t, 15t) 0.64 0.006 0.9
C18:3 (9¢c, 12t, 15¢) 0.11 0.008 8.6
C18:3 (9t, 12¢, 15¢) 0.58 0.008 1.5
Content of trans-fatty acids 2.15 0.021 1.0
C18:2 (9c, 12t) 0.02 0.001 2.9
Rape seed oil C18:3 (9¢, 12¢, 15t)/C18: 3 (9c, 12t, 15t) 0.05 0.001 1.9
Content of trans-fatty acids 0.07 0.001 2.1
C18:2 (9c, 12t) 0.02 0.002 6.3
Safflower oil C18:3 (9t, l12c, 15¢) 0.02 0.002 9.5
Content of trans-fatty acids 0.04 0.003 6.2
C18:1 (9t) 0.11 0.005 5.0
C18:2 (9c, 12t) 0.13 0.004 3.2
C18:2 (9t, 12¢) 0.11 0.005 4.0
Shortening C18:3 (9¢, 12¢c, 15t)/C18: 3 (9¢, 12t, 15t) 0.08 0.002 1.9
C18:3 (9t, 12¢, 15¢) 0.08 0.005 6.4
Content of trans-fatty acids 0.51 0.014 2.8
C18:1 (6t) 0.05 0.005 11.5
C18:1 (9t) 0.07 0.004 6.5
C18:1 (111) 0.15 0.002 1.1
Ci18:2 (9c, 12t) 0.02 0.001 2.6
Danish pastry C18:2 (9t, 12¢) 0.02 0.001 3.4
C18:3 (9c, 12c, 15t)/C18: 3 (9¢, 12t, 15t) 0.02 0.000 2.0
C18:3 (9¢, 12¢, 15¢) 0.02 0.001 5.9
Content of trans-fatty acids 0.35 0.005 1.4

Content of trans-fatty acids is the sum of contents for each trans-fatty acid molecular species.
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