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a d aa Y a a A
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a J aa =3 o
MTNENARUIN 3 NANITUATIEHNTNA (Analysis of Variance) ﬂl@ﬂﬂill'lﬂ!ll"’lmuiﬂﬂi’m Tu

Sdhamilend
Source DF SS MS F P
Variety 23 145.746 6.33679 20.08 0.0000
Error 24 7.575 0.31564
Total 47 153.321
Grand Mean 16.872
CV% 3.33
MINNANUIN 4 NﬁﬂTiﬁm51$ﬁ’ﬂ1ﬁﬁaaeﬂﬂﬂ’]Jaiiﬂﬂ\lllsllflluiﬂﬂi’lﬂ “lumﬁﬂﬂ'%ﬁ'au
Source DF SS MS F P
Variety 11 241.320 21.9382 42.58 0.0000
Error 12 6.183 0.5153
Total 23 247.503
Grand Mean 34.485
CV% 33.85
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A1TNNANUIN 5 HANTIS AATIEHNNADAVEILTIUINLUD Fila Alpha —a

Tuhidamileoa
Source DF SS MS F P
Variety 23 5011.07 217.873 25.39 0.0000
Error 24 205.93 8.580
Total 47 5217.00
Grand Mean 23.530
CV% 12.45
MINMANUIN 6 WaM3IATIZHMIadAveelTNaInTud viia Beta B
Tusidrmileoa
Source DF SS MS F P
Variety 23 3548.24 154.271 15.08 0.000
Error 24 245.48 10.228
Total 47 3793.72
Grand Mean 30.212
CV% 10.59
MINMANUIN 7 KaMIAATIZHNNadAve9Sanaianliud ¥iia Gamma —y
Tushramiloam
Source DF SS MS F P
Variety 23 21695.8 943.298 13.87 0.0000
Error 24 1632.1 68.003
Total 47 23327.9
Grand Mean 85.437
CV% 9.65
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MINMANUIN 8 AN TUATIZINEDAv0IUT M ud Taesau Tusidimilonm

Source DF SS MS F P
Variety 23 64898.5 2821.67 18.01 0.0000
Error 24 3759.7 156.65
Total 47 68658.1
Grand Mean 139.18
CV% 8.99
AITNMARLIN 9 HAMTTAT I MsaRAve TN dnTus Tassan Tumdaaaiou
Source DF SS MS F P
Variety 11 34993.9 3181.26 4.27 0.0096
Error 12 8948.6 745.72
Total 23 43942.5
Grand Mean 277.43
CV% 9.84

a s an a ?:I o
MAMINMANHIN 10 WNANITAATICHNINTDA ﬁumﬂammmmﬂlumsﬁ’maugaaﬁsz“luumu

voa31mileam
Source DF SS MS F P
Variety 23 16.5821 0.72096 7.53 0.0000
Error 24 2.2973 0.09572
Total 47 18.8794
Grand Mean 1.6992
CV% 18.21
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a 4 aa a % LY
AFTNMANHIN 11 NANITAATICHNINTDA ﬂjmﬂ’Jnlfnm'5a°lumsﬁ’ma%aaﬁiﬂuumu

voudaniiiou
Source DF SS MS F P
Variety 11 22.3780 2.03436 200.86 0.0000
Error 12 0.1215 0.01013
Total 23 22.4995
Grand Mean 2.9414
CV% 3.42
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MANUIN A
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M3 luulagsIn (Determination of Crude Fat) 1ae38 Soxhlet
a 4 ax
IUATISVAINITUDY Pathak et al. (1996)
d
aUnsas
13 [l [ A A ] [l o I Aa .
LL’UQL’]JL!ﬁHJﬁ’JH ANNIN 3 AN Lﬂﬁﬂﬂﬂ?ﬂ!LHH@gUHgﬂ ﬂﬂll%ﬂu soxhlet NY thimble
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Soxhlet Extraction Apparatus
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3EM
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{ 2 < a [
PULRIN 100 Deruasaidoa (N9 ldiouluToouuis) auydld X niu
3. HoAae8199 90 1. 1dliaTa (Mudednrgaosnumzdana) Taaalu thimble
Y v
4. 111 thimble Tdaslu soxhlet Ap1la18a19%04 soxhlet IAVYIANT UAY N190GU
1 1 9 o 4' ] 1 3o’ 9J d‘ <
191 @U11NUD4 soxhlet ABININLIATOIAILLUY Yaper T IATOINAY
5. 1) dichloromethane 1523191 250 HaaANT NNUUTAVBUATOIATVIUY

6. AT o UTDIUNAANITAIVLUY 4-6 YA ADIUIN 19021 8 $2 1249
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MANUHIN 3

F5msmdSinanmius

SAMILING AND ANALYSIS OF COMMERCIAL FATS ANDY OHLS

AOQCS Official Method Ce 8-89
Sessonrend |9

Determination of Tocopherols and Tocotrienols

in Vegetable Oils and Fats by HPLC

DEINITION

This method describes a procedure for the desermimlion of tocopherols and scotrencds in vepetable
oils and fats by HPLC. The procodsee is not directly applicable 1o processed geoducty, mch as mar-
Rarines contaiming socopherol esters, but it may be wed 1 determine tocopherols in the unsapowifi-
ahle matter obtained from soch pendects (soe Notes, | and 2 and Refereaces, 1)

SCOPE

The il or fat {or tho unsaganifiable wanier obinined from a processed product cantalning tocophierol
estem) s dissolved in ks arganic solvent and subjected 1o direct high-perfuormance liquid chromaso.
graphic (HPLC) sepanation of the individual tocopherols and iemobs. Callbration 6 are
determined for cach ' he<irommtography of sclutions of ssndant socopberods; cali-
bration facions for, ienols am taken 10 be equivalest (o that of e tocopherals.
The weogherol smd tocotrieant coaten of wn oil or fat ix the qrantity of tocopherols ket werienols,
) imed in the sanple by the described procedure and expressed in miceogewns: per gram (1 g/e).

APPARATUS PROCEDURE
Note—All glickware shoodd be of Jow octiale activity, or 1. Prepasatioa of solutions of ocopherol standaeds —
procedure should be pecformed under yellow lights. {a) a-Tocopherl standand stock solutios — Prepane
1. HPLC system —consisting of a high-peessore pump, stock solution of a-tocophberol by accurately
sunple injection device, detectoc and chant recander or weighiag sbout 10 mg of the standard (Reagents,
rocording - A Nuorescence detoctor should be 1) into a 100-mL volumetric Qs and making vp
msod, with dhe excitstion wavelength set i 290 s and %0 volume with hexine (Reagents, 4). Pipet 10 ml.
emission wavelongth at 330 am. A UV detector may be of this solution mto sn amber glass sound-botiom
wued if a fluorescence desecior i mot available. The fask, and remave all dexane on & minry evapor:
wavelengd of the UV detector should be st at 202 mm. tor (Apparatus, £) al n temperanice 8ot higher tean
1. HALC ssalylical cobsons 250 x 4 mm, packed with AC. Restoro atmaospenc pressure with nitrogen,
: lace silica havieg 3 mean particle size of wed remaove the fask from the evaporatnr 25 soon
about 5 uem (see Notes, 3), 15 all the solvent has been remaved, Pipet into the
3. UV spectromeder —capable of shsolue measssement flask 10 mL of methand (Rengents, 2), and swirt
of atwochance at precisely defined wavelengthy, to dissolve rthe tocopherol. Measure the
4. Rotacy files ovaponsor. alssarbamce of this sodution at 292 am, and calcw.
fate the conceatration (ms yg/ml. a-socopheral) by
REAGENTS dividing the absorbance valee by 00076 (see
Note—All solvests shoald be of HPLC grade, or equiva- Notes, 5).
lent, For ndditicnsd reapests roquired when preparod fass (b) f=, ¥ and &-Tocopherol standesds sock soly-
contalniag tocopherol esters are being analyzed, see Bons — stmalar stock solutions and aliquots
Resgonts soction in Noges, 2, for UV specerometry of fi-, - and &-tocapherol
L @, B, y- 204 §-Tocopherol standseds (see Notes, 4). standards (Reagents, 1) & described for the @
2. Methanol (see Notes, Cawtion), tocopherol standard stock sobution. Measure the
3. Dichloromethane. abanchance of each of these solutivns o the fol-
4. Hexane (see Notes, Cauation), lowing wavelengths, sed use the cormespoading
5. K divisar fuctors (seo Notes, 5) for calesdation of
6. HPLC mobile phase ~ lsopropancd in hexane (05999, concuntration:
wiv), Mn}w-%
' 298 s plocopheral = 00091
SAMPLING 258 nm Saocopheral = 00087
I Itis I thut the lab y sample wsed for (e} Mixed tocopheral dard kimg sodutl
geepening the tost sample 1s taken acoonding %o a recog- Mix appropriate vohumes of the stock solutions of
nized sampling procedure [soch aa that desesibod in the tocopherol staadants 1o obtxin o mixed toco-
Inemations] Organdzation for Stndsedization (1S0) pherol standards working solutica, sad dikste with
5555]. and that the Mbarasry ssmple was sebsogeent- hexane to give a solutios containing between |

Iy protected from the effects of hest and light, md S pgiwl. of each tocopherol.
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2,

Neose — A more coacentrated soletion may CALCULATIONS

have 1o be prepared if 3 UV detoctor is wsed, 1t i
“lmnpcetaot that all standards ase protected from
light and are stored refrigersind (sce Noces, 6).
Optimization of working parameters — Condition the
codumn (Apparatus, 2}, if necessary (wee Notes, 7).
Pump the isopeopanolhexsme mobile phase (Reagenty,
6) terough the cobuma o o Bow-rate of | mESmin for at
least 30 mio. knject about 20 gL of the mised 1000-
phezol stamdards workiog solutéon onty e column
and, if ¥ the i content of the
mobile phase and the flow-rate (sce Nozes, 8) to
wchicve the following cooditions:
(a) asocopherol relcation Gme ot kess tham 3 mins,
(b) resolution fctoe (R) for the separation of b and
woopheral not less @an 10, iz, s nlmoes base-
llac separation {see Noses, 9).

Select the optimum set Sor_detecior and inte-
gralor sepsstivity and Tagect abost 240 1
of the mixe! standards wocking solution

Repeal $u injection, and check tht reproducible chiro.
are obtsines

matograms :
. Preparution of te test ssmple — The test sample, in (he

caz of liead laboratary samples, should be prepared by

cxcept tail filanon should te avond-
ed. In the csse of solid samples, sansfer u representative
porton (10, not bess than 109 by weight of the laboeato-
ry sample) 10 & glas beaker and carefully Bomogenize
By ieitimg, with gentle mixing, i = water bath af o tem-
peoature noe exceedng 40 C. The
sasmgde should be carried out, as fir &4 is practicable, in
Aubdued lighe wnd, bn asy caee, out of dimct

. Preparation of the test aolution — Welgh

accuruely shou
2 g of e proganed tost sample (see Notex, 10) into a 25
ml volumetric fiask, Add & quantity of hexune
{Reapents, 4), swiring 10 disolve the samgile, and make
wp o volume with the sume solver. If a Aloorescent

1. The a-tecopherol content of the sumple m pgig is

grven by
CxaxDx28
Axm
Where -

C = congentration of the a-tocopheral standard
(gL
A = mean of the pesk sreas obtmsed for the a-sco-
standare

phemd .
a = mean of the peak areas adeained for the @ tcco-
phesol in e o
m = swsass of lest sample mken
. D = dilmian foctoe, e.g., fox 4 test solution prepaced
Trcem & 1110 didution of & 25 mL solution of e
st partson this facsoe would be 10

2 The B, y- st S40cupberod coments of the tes) sample

wre caloalited in the same way, using the dota from

af the corresponding tocophen| san-
dard (se2= Notes, 12),

3. The icotrienol costem of & sample can be esamusd

using the C and A values for the comesposding toco-
pheret (see Noles, 13),

. Repoct as the finsl resull the mean of the values

obtaiscd. froo the two determinations, provided the
roquirenaeats noted in Precision, 2 are met. If the
requiremests. for mepeatability ace not eset, cmry o o
further two doterminations on the test sample. If the
range (s __ % .} of the four valses oblained is
<i3xr 7 = the repestability valug; see Table
1), report 2= the finad cesult the mean of the foar val-
oes; ofherwise report as the fisal revelt the medisn of
the four values, Le. the mesn of the tov inlenmedise
valves. Repoet the rusulfs foc each tocopherol and
tocottienol 10 the nearest pg.

detector is wsed it may be necessary 0 make further  PRECISION

dilution of this solation pricy 10

prioe o asalysis and analyzed on the day of

HFLC determination of 1ocopherals in the test sobe-
tion—Injoct 20 uL. of the mixed standands
wocking solution onto e columa and record the weas
of the peaks, If an mtegrator & sot xvail
auo.mpkh&hw‘-nm.h’mm
L of the tost sobetson 0010 the column ned idertily the
tocopherols (and locotnienals) preseat by eference o
the chromatograms odsised from ssandards (see
Notes, i1} Record the arcas of the eopherol pesks
(e pesk heights). Rocond the areas of sy tocotriesct
peaks, if these are present and are 10 be guantified.
Duglicete injections should be made, fnjoct a further
0 xL. of the mixed tocoghesal

tion and recond the seeas of the tocophierol peaks,
Number of doterminations —Carry ost two determing-
tions (each consisting of duplicate Injectioss of the
peepased test solutions) in mpid succossion, usisg a
fresh tess portice foe each determination.

I The results of ws wer

Iabaralory stedy crganized a1 the

Intemasions] level gave the stristical results which we
summarized & Table §.

y—When the meas of the values obtaimed

" from two single deserminations, carried out ks raghd

sucoession by B same nslngmem:!w
ratus under the same itions: Tor the amalysis of the
=ame test samiple, les within the range of the mess val-
ues cued in Table |, the ditference botween the two

ibility — Whes the valhues for the final revell,

obtinzd by operalors in differcnol laboralories wsing
different

apparatus under different conditions from the
analyss of te sme shoratory sample, Be withds the
range of wnean values clied s Tuble 1, the difference
betwoen the vabees for the final resuolt obiained by
thase operators should not be greater Sun the repro-
eucibility value (R} {see Notes, 14), which can gener.
ally be destuced by Baear interpolation from Tibds 1,
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SAMPLING AN ANALYSE OF COMMISCIAL FATS AND C88

Table 1

Statistical analysis of resalts far tecopherols and socotrienals”,
Tooopheiok
o fi- - b
Soybesmoil  molbs AT I8 17 16
e o 1 W
RSD,% 8§ 5 31 2
RD,&® B N 1 N
Soybemoll- w0 oflbe 15 16 1 "
wheal gem oil 1, gy (7O T - R
(140 D& 6 3 5 5
HSD, %1 19 2% M x
Sovbesnii-  m.oflits 1) " 17 I
comall{) +1) IW; 124 I2 m 1%
)
"
Mugite md& \ W0
L 9 - [l
RS0, % L] - l 1
RDE B - W0
Tocetrent

a- (= s 3
Refond w0, of b 1 - 16 15
galmod Lk W s
P IC T IS 6 8
RSD, % B - MWW

SUPAC csborative sifles, |985-1986 and 1380~ 196)
(Refererce, 1), Statistical analysis acccoding # 150 5725-1948

NOTES

Caution

Hexme & Mammable and & dangerous fire risk. The TLY is
30 ppm in air, The Occupational Ssfety and Health
Adminisiration recammends

that exposure nol exceed 350
mgM? for & tiwe-weighted average. Hexaoe vapor causes
lung imitation and produces eurolosic effects, A fume
hood shoald be used & all times whea using bexane.

Eithanol asd methanol are Masanabie. Use effective
fume-remsoval device when heating oc evapocating,
Muthanol i saxie. Asoid contsct with eyes. Avoud breath-

ing vagors. Use effective fome-semoval devico, Can react

M-:&metmmmn
Iydeadide + chloroform and aid.
Diethyt esder |s highly and is 2 severe firo

and explosion bzl when eaposeal 1 heat of flame. It ls o,

central nervous system depeessant by wbalation and skin
abeorplion. 1t will form explosive peroxides upon exgosur
10 light. Handle empty coatiners, particulsely those from
which ether has evaporated, with extreme caution
Explosive limits in air ure 1 BS-48%. The TLV s 400 ppas
in sk, A fume hood should be weed at all times when using
diethy! other,

NUMBERED NOTES
1. 1t s recommendied that the unsaponi fatde matter |s
atealned by & method involvisg & cold spemificarion
soch 44 that described i Notes, 2. Farticular
weation must be pasd to siponificatson emperature
o thene, otherwise low recoveries of osopberol: from
s muay be cbalned.
2. Co sapoedfication peocedser for samples contadning
-quopmlm-

Reageats

(8) Ethanol~appeoximmely 96% prure (see Nom.
Cantiew),

{t) Ethanol—abuolete, 99% pure (sce Notos,

. Coutlow).

(c) Pyrogallol,

{d) Potassiom hydroxide solution —ageeoes, 60%
(),

(&) Diethyl ether—peroxide-free, coataining 0.1%
(') pyrogallol (see Notes, Cantion),

() Hydrochlons scid—0.01 moblL..

(8) Sodium sulphate —sehydrous.

Proosdare

(2) Weigh sccurately sbout 2 g of e prepared sample
(see Sampling section) info 2 100-ml, Mal-bosom
m..mwmmmnw
o I £ mL of othanol (Nows, 2,
Resgenns, ()] by peathe swirling. Add 100 mg of
pyvogallol [Notes, 2, Reagens, (c)] mad swirl 10
dessalve. Peege e flask with niteogen, adf & ml.
of polastium hydroxide solution [Notes, 2,
Reagents ()}, reparpe the Mk with nitrogen and
clase with a glass ssoppes. Place the flask in 3
26°C water bath and shake vigorously foe 10 mia.
All openations mest be performed in e absenie
of direet sunfighe; we auber plisswiee of shickd
with aluminum foil.

(h) AdS 50 el of delonized water 1o the flask wedd
transfer coaleats quantilatively %o & 250-ml. sepa-
rating funnel. Wash the flask with S0 mL of
diesoyd ethor (Notes, 2, Resspenty., ()] and tansfes
the washings to the funnel, Shake the separsior
vigorossdy for | mim, releasing the pressase occa-
stoaally. Allow the bayers to sepaeate, and desw off
the lower aqusows layer, Exinct the aquecus kiyer
un additioral foer tames with 30-l. sliquots of
diethyl ether 10d combine the ether extracts.

(c) Wassh the combined diethy] ether extracts with %)
ml. of water (shaking carefully o avoid emulsion
formation) and then with 30 mL of dilste
¥ydrochlodic acid [Notes, 2, Reageats, (1)), Add
aboet 3 g of anhydrons sxdiom sulfsle [Notes, 2,
Reagents, (g)] with gestle miviag %0 absorb waser
Fllter the ethor extracts through & phase-sepantisg
pager, wod collect the filtrate s o round-batlom
amber rotary ovaporsgor Mask.

{d) Remove the ethes under reducad pressese, using &
rolary film evapotator, & tempernture of not
mare than 40°C. If a liquid resadoe remains in the
flssk, add emdanol [Noges, 2, Reagents, (b)) and
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vqmmm\ﬂ:mlfs&sdm-m

).

q-unmnnlylo , 3 50-ml. volumetssc flask and
p 1o vobsmw. Make a suitable dilution of

the pupuvd test solution (as described in

Procedess, 4 ia the main method), and procoed ¥

itable sifica col packs g is sre § pm
S1 60 or Sphecisort SSW.
-, ¥ sead 5 Tocopherol ok “anbe*“*‘!mﬂ

Merck, o sup-
plices. llh-hm mpmzdlmaep-iuolmm

vary
baw-!SmdlmtneMum 2). This con-
Mru.e the

1 1

30 be amalyzed to esable n

dndmnmdom.euwmydwmm

tocopherol esters. The saponification procodure ¥

Wnﬂo‘az

i amy = blead

duhnmndnﬁmnﬂmhmdweﬂm
that -, y- end & -

P TRy

ulnmnmnmhvebm{wunum
= ID
}mmphl'ol
5-copherl = 3.0
- 17
See Figure 1, showing the elutcos order of joce-
and tocotrenals.
muundudmonlyund-d
il is.. 7 I, relase all derols o the

of pr ] by UV sp
T’htdivuﬂtfmmm Ism
derived from their (191 cm) guated in

3. For e E value (lillc‘)d

anlu%nm-m(m h A
1 pg/ml. solution of @ beral will have an
staccbance of 0.0076 a1 292 s

6. Stock staadard soiutions can sared in

7.

9,

can be sotisfactorily
mhmmcmhupwlwﬁim
st e

erated. Working
cach working day. Protection from light s o( of the
umost

importaoce.

If the HPLC column is new o of uskaows history,
wash and candition for uboat 10 mim with mothanol,
hen dichloromethane, followed by bexsec at a flow
mate of about | miSmio.

8. Mobile-phase flow rases in the rnge 0.7-1.3 mLimin
Bave been found 10 be ssafactory. Higher flow. cates
untenhl-m-chrommphy.md-muuu

mwwmmwﬁw

R (Rd,) - (Rd)
0.5(W, + W}
Whers —
®d, = oo d N AN
ﬂ:,-mmdé-w
| = width ot base of peak
W,=v'ﬂ.lhsenf poak

llﬂudﬂ&pn-bkbxhhw-cﬂklmyd
10,000 pl

p-k.'nudkmw.hw -yheala-

n-!ﬂ{g)
Wheee ~
Ra, - phesol
\-p‘m:ww
0 Wh:n ', ing o di ua as mar-
exters. Aoddmmcmwwe&t.-muuhper
i d perine 20 a@raphy.
More—Whea b i pherol esters,
paralic] samp ik ea with of a-

9.

a dard, but meake this clear when
vepmhcmm !lwm-w.ag—mm:
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