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The primary aim of this stu$t was to evaluate the methodologt described in a
proposed EC Regulation later adopted as 2568/91 on the characteristics of olive
oils and olive-pomace oils.

An informal survey of thirty-five olive oils on retail sale was conducted as a means
of establishing the applicability of the proposed methods in the analysis of olite
oils. The samples were labelled either "extra virgin olive oil" (twenty-four
samples) or "pure olive oil" (eleven samples). Analysis was carried out according
to methods published in "MAFF Information Bulletin for Public Analysts on EC
Methods of Analysis and Sampling for Foodstuffs. No. I 10. Methods of Analysis
for Olive Oil", (which anticipated those in EC Regulation 2568/91 (t)) with the
objective of assessing and commenting on their suitability for judgement of olive
oil authenticity. The samples were analysed for peroxide value and free fatty acids
to demonstrate the qualily of the samples at the time of purchase. The oils were
also analysed for overall fatty acid composition, fatty acids at the triglyceride
2-position, sterols, aliphatic alcohols and specific extinction dt 232 run and 270
nm. For those oils described as "extra virgin" one sample (4%o) was found not to
comply with analytical criteria subsequently specirted in the EC Regulation; the
remainder would have been judged to be satisfactory. Five (45%o) of those sold as
"pure olive oils" were found not to satisfy the proposed EC Regulation,s
requirements for authentic oils. However, caution should be exercised in
concluding that these products may have been adulterated, for the following
re(Lsons: -

(a) The aralytical methocls used in this study were not ahrays identical to those in the
Regulation 2568/91, nor is it clear that these hme been surcessfully collaboratively
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(b) No gui&mce has been prwided within the Regtlation on law the compositional
limits specfred should be applied" For acanple, should thqt take account of the inW
and intra laboratory variation that might be apected? Have tolerances been
incorporated within the min man and runcimum limits laid down for certain
criteria?

(c) The work reported here indbates that fan oil fails to meet the prescribed limits, it
might be a result ofone or nore ofthefollowing-

the oil being impwe (or rct as labelled),

dfault fu the analytical methodolog/,

inrypropiate purity criteria in the Regulation.

@ Finalb, it sfutuld be rutted that the oil samples were ptrchased pior to
implementatkn of the Regulntion ( t ) 

.

<,
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S.1 INTRODUCTION

l. Olive oil is categorised according to its quality, which is dependent to a larye
extent on organoleptic propeties. The initial olive pressing yields the much prized
virgin oils (e.g. extra virgin). These must be obtained only by mechanical or other
physical means, such that the oil is not harmed In the preparation ofvirgin oils, the
use of solvents (e.g. hexane), re-esterification or mixing with other oils is forbidden.
Other gmdes of olive oil such as refined, blends of refined and virgin, and
olive-pomace (residue) oils are also faded. Greater detail is provided in Annex 2.

The following figures indicate the difference in the cost of olive oils and other
vegetable oils 

(2).

Imports of Selected Refined Vegetable Oils in 1990 
('?)

Vegetable oil Volune ('000 totrs) Value (Im) Cost (rton)

Palm oil

Soyabean oil

Rapeseed oil

MaizE (Com) oil

Sunflowerseed oil

Groundnut oil

Virgh Olive oil

82

5.2

6.1

6.7

3.0

3.0

t'7.7

1.6

2.2

3.5

20.I

2.0

6.4

220

310

360

525

600

670

2,200

2. Data published in 1985 
(3)have indicated that a high proportion ofolive oils sold

in the USA was not of the gmde stated on the label. Discussions took place in the EC
on the methods for analysis of olive oils and olive-pomace oils, a number of which
required collaboratively testing. To aid this process, the methodolory was published

by MAFF in 1990 
(a) 

and med in this shrdy.

3. The EC proposed a Regulation on the analyical characteristics of olive oils and

olive-pomace (residue) oils. This led to considerable discussion between Member
States. As part of the UK's contibution to this disctssion, MAFF commissioned
studies at the katherhead Food RA (BFMIRA); the results of these are reported in
the following texl The objectives wae primarily to evaluate these methods 

(a) 
and to

establish whether the purity criteria quoted in the draft Regulation werE appropriate

for these commodities. Of secondary importance, the values obtained fom the
analyses were rsed in an attempt to assess whether the oils were correctly described

on dre labei at the point of sale by comparison of the results with the oiteria laid
down in EC Regulation2568191(then in draft form). During the latter stages of this
worlg the European Commission published Regulation 2568/9ltt\ in ttre Official
Joumal of 5 September 1991. A number of amendments to this Regulation have

since been published, some ofwhich are relevant to this study 
(5 6'7 89).
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4. The sh-rdy had the following detailed objectivesi

(D To ascertain whether the methods of analysis being proposed for
establishing olive oil purity and grading were satisfactory.

(ir) To analyse olive oils by the seven methods in proposed legislation.

(iir) To determine the overall fatty acid composition (FAC) of*re oils.

(iv) To compare the results with the purity criteria specified in the Regulation.

5. The approach taken was to purchase thity-five samples of olive oil from retail
outlets in south+ast England during the last two weeks ofNovember 1990. Ofthese,
eleven were labelled as "olive oil" and twenty-four as "extra virgin olive oil".

Samples were analysed in coded form.

A number of ana$ical difficulties were encountered during the analyses, which
made it necessary to enlist the assistance of dre MAFF Food Science Laboratory at

Norwich. As a consequence, the analltical studies took considerably longer than
originally envisaged which has resulted in *re delay in publication ofthis reporl.

6. The following analyical methods, described in MAFF lnformation Bulletin No.
I l0 (a), 

were employed in this study:-

Method 1 - Determination oftl.re fatty acids in the 2-position in the triglycerides.

Method 2 - Delermination of semls by capillary GC.

Mettrod 3 - Determination ofaliphatic alcohols by capitlary GC.

Method 4 - Detennnntion ofrefined oils in viryin oils by spectrophotometric analysis.

Method 5 - Detemination ofthe acid value and the acidity.

Mettrod 6 - Determination ofthe peroxide value.

In addition, fatty acid compositions were determined by ISO 5508/9 (r0'rr) using
capillary GC.

A determination of wax-content was not undertaken during this study because,

although it was present in the MAFF Information Bulletin, it was omitted from the

adopted text ofEC Regulations. A method for wax, which replaces the method for
aliphatic alcohols, has since been introduced and new limits for the wax content
published (e).

7. The findings ofthis research are considered in two sections. Firstly, the anatltical
techniques employed are b,riefly describd much greater detail being given in Annex
l. The second section contains dre analyical results and conclusions. This section

contairs a comparison ofthe anall,tical data with the criteria subsequently adopted in
the Regulation.

For completeness, the raw dat4 on which the conclusions are based, are presented in
Annex 5.
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8. The results of analysis indicate tlut some oils might not comply with all the
analyical criteria specified in Regulation 2568191.It mighq therefore, be suggested
that these oils are imprue. However, care should be taken before making this
assumption for the following reasons:-

(a) The analyical me*rods used in this study were not always identical to those in
the Regulation 2568191, nor is it clear that ttrey have been successfi:lly
collaboratively tested.

(b) No guidance is provided within the Regulation on how the compositional
limits it specifies should be applied. For example, should they take account ofthe
inter and intralaboratary variation tlnt might be expected? F{ave tolerances been

incorporated within the minimum and maximurn limits laid down for certain

citeiil
(c) The work reported here indicates that if an oil fails to meet the prescribed

limits, it might be a result of one or more ofthe followingi
- the oil being impure (or not as labelled),

- a fault in the analytica.l methodolory,

- inappropriate pudty criteria within the Regulation.

(d) Finally, it should be noted that the oil samples were purchased prior to
implementation ofthe Regulation 

( I ).

S2 DESCRIPTIONOFANALYTICALMETTIODOLOGY

The methodolory is essentially as published in the EC Regulation (r)' where

significant differarces eist these are shown in Annex 3.

Analysis of the Fatty Acids in the 2-position of the Glycerol (Zposition anolysb)

9, This involves the parlial enrymic hydrolysis of glycerides to produce

2-monoglycerides. These are separated by thin layer chromatoga.phy (TLC),
derivatised and ttreir fatty acid composition (FAC) determined by GLC. The results

ofthis measurement may indicate the presence ofre-esterified oils.

Determination of Sterok by Capillory GLC

10. The oil is saponifed and the unsaponifable matter (US$ extracted. The sterols

arc separated Ilom the other unsaponifiable components by TLC, derivatised and the

individual components quantified by GLC against an intemal sundard (S). The

results of this measuement can indicate whether an olive oil has been adultcrated by
vegetable oil (e.g. high-oleic sunflowerseed oil).

56
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Determinalion of Aliphatic Alcohols by Capillary GLC

11. The oil is saponified and the USM extacted. The aliphatic alcohols are separated

by TLC, derivatised and the individual components determined by GLC against an

IS. The presence of elevated concentrations of these compounds in oiive oils is
indicative oftheir adulteration by olive-pomace oils.

Spectrophotomelric Anilysis of Oils a Determine Specftc Ertinctions (SE)

12. A solution ofthe oil is prepared and the specific extinction (SE) determined in the

usual way. Measuements are made at270nm and 232rrn Unless shown to contain

significant quantities ofoxidation products, an oil with a high SE at 270 nm is likely
to contain refined oil and would not be considered as a pure virgin oil. Oils that have

SEs at 232nm greater than 2.5 would similarly not be considered as pure virgin oils.

Determination of the .Free Fatty Acid (FFA) and Acidiyt Value

13. The free fatty acid @FA) content ofan oil is a guide to its quality. In general, the

greater the FFA the lower the quality ofthe oil. However, virgin olive oils cannot be

classified in the same manner as fully processed oils because their chamcteristic taste

is attributable, in par! to their FFA content. An oil's FFA is measured by titration.

Determination of the Peroxidz Value (Pl)

14. The peroxide value @$ is a measure of the amount of lipid hydroperoide
present in the sample as a result ofoil oxidation. The PV is therefore a good indicator

of oil quality. However, it should be remembered that pure olive oils (which by

definition are mixtures of virgin and refined oils) would be expected to have lower

PVs than virgin oils. The PV is determined by tination. Since virgin olive oils do not

experience the exlensive processing that most vegetable oils undergo, their PV will
teod to be significantly greater than would be acceptable for a vegetable oil.

Determination of the Overall Fatly Acid Composition (FAC)

15. The oil is saponified and derivatised. The concentrations of the resulting methyl

estrers ar€ determined by capillary column GLC. This is generally a very useful

method of identifring impure oils.

53 INTERPRETATIONOFREST]LTS

(i) Interpretation of the Results of the Analyis of the Farry) Acid^s 2'Position of
the Triglycerifu

16. Data illustrating the repeatable nature ofthis technique are presented in Table 1.

These data indicate that the methodolory is precise and will pnrvide accurate resulls.

17. The data in Table 2 indicate that there are very large differences in the 2-position
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profiles of genuine and re-esterified olive oils for palmitic and stearic acids. These
differences have been exploited in the development ofstandards to prevent fraud. For
example, the current EC Regulation (r) 

states that for Exta Virgin and Pure Olive
Oils, the maximum permissible sum of these concentrations are 1.3 and 1.5% of the
total fatry acids at the 2-positiorl respectively.

18. There is only one sample in this present study that fails to meet this criterion
(Annex 4). The sum of the concentrations of palmitic and stearic acids at the
2-position of D1 is 2.7%. This sample is described as an exla viryin olive oil and the
maximum permitted concentration of stearic and palmitic acids at the 2-position is

therefore l.3oZ. The value obtained clearly exceeds this limit. The suspicion that this

sample is not as labelled is increased by the specific extinction data (see part 34).

TABLE 1

Statistical Data Regarding the Analysis of Fatty Acids at the 2-Position of the Triglyceride

Fatty Acid Mean (%) Rangc (%) Std. Dev. (%) cv (o/o)

C l6:0

Cl6:l
Cl8:0

Cl8:l
Cl8:2

Cl8:3

0.69

0.59

0.11

83.1

14.4

t.0l

0.54.8

0.54.6

0.l-0.2

82.9-83.4

14.0-14.4

L0-t.I

r5.9

6.40

36.4

0.23

1.45

3.74

0.11

0.04

0.04

0.19

0.2 r

0.04

TABLE 2
'Iypical Profiles ofFatty Acids at the Triglyceride 2-Position for Various Grades

of Olive Oils

Oil Type virgin olive oil Virgin Olive oil Virgin Olive cil Esterified oil Pomace oil

Fatty Acid

Cl6:0

C16:l

C l8:0

Cl8:l
Cl8:2

Cl8:3

r.0-1.2

0.5

0.2-0.5

85.5-86.3

1.3-t 1.7

0.6-0.9

0.7-1.6

trace-}.2

0.8

0.5

0.2

89.1

10.9

9.0

LI
2.6

7 5.6

| 1.6

s8

0.6
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(ii) Dderminotion of Sterob by Capillary GLC

Inlroduclion

19. Anallical detail is presented in Annex 1. However, before evaluating the results

ofthis determinatiorl the following background information should be considered.

20. Early analyses lor sterols by gas chromatogra.phy involved the use of packed

columrs and starionary phases such as SE32 and SE52. Using these stationary

phases, six sterols, namely cholesterol, brassicasterol, campesterol, stigmasterol,

flsitosterol and A-7-stigrnastenol, were resolved. Improved stationary phases such as

OV-17 were intoduced in dre 1980s, and it became possible to resolve

A-5-avenasterol from flsitosterol and A-7-avenasterol from A-7-stigrnastenol. Further

based on capillary column GC with bonded OV-[7-like stationary

phases (e.g. CP SIL 19) eventually enabled the resolution of sixteen components in
the desmethyl sterol band namely Cholesterol, Brassicasterol,

24-Methylenecholesterol, Campesterol, Campestenol, Stigrnasterol,

A-7{ampesterol, a-5,23-Stigmastadienol, Chlerosterol, f}Sitosterol, Sitostanol,

a-5-Avenasterol, a-5,24-Stigrnastadienol, A-7-Stignastenol, A-7-Avenasterol.

The 1OOC 
(37) laid down the following criteria for sterol composition of olive oili

flsitosterol > 93% oftotal sterol band

campesterol < 4.0% oftotal sterol band

cholesterol < 0. 5% oftotal sterol band

This standard was based on separation achieved on a SE32 stationary phase, and

is in need ofrevision.

21, At an IOOC meeting in 1990 
('2) 

it was agreed that the reference to flsitosterol in
the above standard should be modifid indicating that B-silosterol is understood to
mean the sum ofthe following sterols:

llsitosterol A-5-avenasterol A-5,23-stigmastadienol

a-5,24-stignastadienol chlerosterol sitostanol

The sum of ttre above individual concentations is referred to as the apryrent
flsitosterol concenfation. This has been adopted by the EC. The concentration of
individual sterols may be expressed in absolute terms (e.g. mg/kg oil), or as a

percentage of the total st€rol conc€ntration. The EC Regulation quotes most
values for sterols as a percentage of total sterols and consequently, the latter

systern is used predominantly in this repo(
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Apparent fi- Sitnterol Concentration

22. The results of sterol analysis undertaken in this sn:dy, indicate that ttrere are 66
determinations in which the 'apparent' flsitosterol content is below the 93% statutory
limit and 50 determinations where it is above the limit. Interpretation of sterol data is
one of the most difficult areas of the EC Regulations(r), especially with regard to the
apparent flsitosterol content This is exacerbated since the regulation does not
provide guidance on tolerance limits for this or other criteria- Considering all the
replicate analyses for a particular samplg there are many cases where replicates fall
on either side ofthe 93% limit; for example, for ,4.-6 the apparent flsitosterol value
ranges from 90.8 to 94.1 %. Where analyical values in excess of 93oZ apparent
flsitosterol have been obtaind it is prudent to conclude that the sample is genuine in
respect of this analysis, particularly if other analyical paftmeters laid down in EC
Regulation (r) 

are met Table 3 shows those samples that failed to meet criteria as laid
down in this Regulation. For the purposes of this repor! those samples that had
apparent B-sitosterol contents ttrat fell below +he 93%o limit were considered
individualty and account was taken ofthe values obtained for ottrer purity criteria

23. The determination of sterols in olive oil facilitates the detection of seed oil
additions. Some of dre likely adulterans have a natural sterol content greater than
olive oil, and dreir presence would increase the total sterol concentration in the
resulting blend. It is also likely to reduce the apparent level of flsitosterol as a
proportion ofthe total sterols. This will naturally affect the percentage ofother sterols
present. It has been calculated that the addition of 1% rapeseed oil would reduce the
apparent flsitosterol value by nearly 3%, increase the carnpesterol level by a similar
amoun! and increase the brassicasterol by a small but probably insignificant amorurt.

24, The sterol results from oils considered to be pure include a propofiion whose
apparent &sitos&erol content is below the 93% limit. For some oils a wide spread of
results either side ol the limit was detected; for example, wittr 84, the range is
91.9-95.1% from six satisfactory resits. Statistical analysis of results has been
carried out for several oils, which are tabulated below.

Samplc Code No. ofreplicates Mean (oo oItotal sterols) Range (%) sD (o/o)

A-2

B-3

B-4

B-5

94.2

94.1

93.6

92.1

0.74

0.13

t.t8
0.80

5

5

6

5

93.1-95.0

93.4-94.8

91.9-95.t

91.5-93.3

SD: standard devialion
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Addifional Sterol Citeria

25. The Regulations (') confirm the IOOC criteria above (21), including the revised

definition of B-sitosterol. Additionally, stignasterol must be present in a lower
concentration than the campesterol; maximum concenhatiors are set for
brassicasterol (.0.2%) and a-7-stignastenol (0.57o); a minimum absolute

concentmtion of 1,000 mg,&g total sterols is prescribed for olive oils (1,800-2,500

mg/kg for olive-pomace oils). The results ofthis study indicate that:

i) All samples comply with the requirement that there should be more

campesterol than stignasterol.

ii) AII samples comply with the requirement that the total sterol concenffation

should exceed 1,000 mg/kg.

iii) The requirement for a maximum of 0.202 brassicasterol is achieved by all

samples in at least one of the analyses with the exception of C-4. However, in

view ofthe known occasional coelution ofthis peak with an artefact, it would be

imprudent to conclude that an oil was adulterated or impure on this parameter

alone.

iv) Similarly, most samples meet the 0.5Yo max. require-ment for
A-7-stign-rastenol, but again interferences by an artefact are knowtt to occur.

v) The campesterol concentration must be less than 4% (approximately 50-70

mg&g) of the total sterols. A number of analyses narrowly fail to meet the

criterion, but only by 2 or 3 mg,&g. For example, in sample B-4, the absolute

value for campesterol is 51 mg/kg. If however, the tnre value was 49 mg/kg it
would meet the 4% criterion. This is within experimental enor. Howevel a

number of samples fail on this criterion, e.g. C-4, C-5, A-5, ,4.-6, A-11, A-15,
Blend-I, Blend-2, Blend-3 and Blend4.

vi) There is also a requirement for a maximum of 0.5% cholestenrl. All samples

meet this criterion in at least one ofthe replicate analyses.

26. In the past there has been a lack of suitable desmethylsterols standards which has

hampered attempts to obtain satisfactory statistical data regarding this analysis. ln an

attempt to overcome fhis difficulff, the Community Bureau of Reference (BCR)
produced standard oils. The desmethyl sterol concent?tion and composition ofthese

standards have been established following analyses by a number of laboratories

throughout the EU. Analyses of these BCR standards by BFMIRA in the current

shrdy, have urabled further statistical information to be calculated. These are rcported

in Tables 4 and 5.

27. Close examination of the individual sterol concentrations, indicated that a trend

existed in a-s-avenasterol content. This is illustated in Tables 6 aud 7. Of the

twenry-four samples labelled "extra virgin", only two, B-2 and E-2, contained less

than 100 mg/kg. By comparison, ofthe eleven samples labelled "olive oil", only C-5

and A-6 contained morc than 1 00 mg/kg. This suggests that the absolute
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A-5-avenastercl content might be related to the quality of the oil; for example it might
be preferentially destroyed by processing. Literature information conceming the
absolute values ofsterols in olive oil is scarce. Research results 

(r3) 
for nine samples of

solvent-exrtacted oil showed that they contained less than 63 mg&g of
A-5-avenasterol. This is consistent with trends shown above.

TABIJ 3
Samples Failing to Comply with All Sterol Criteria as Laid Dovrn

in EC Regulation 2568D1

Sample R.Sitosterol
(>93v0

o/o

Campesterol
(<4.0v0

%

Bmssicasterol Cholesterol

<<0.2y0 (0.s%)
oa yo

A-2
A-3

A-5
4.-6'r,

A-11
A-12*
A- 13',r'

A- 15

c-3
c4

D-t
Blend-l*
Blend-2*
Blend-3*
Blend-4*
Blend-5
E-1

E-2
E4*
B-t
B-2
B-5',i

92.5+
92.0
91.5
92.5+
92.9+
92.4+
90.2
92.3+
92.8+
91.7
90.3
92,7+
91.6
90.9
88.4
90.4
92.2
92.5+

92_8+

92.1

4.3
4.7

4.4

o.e

certain beta-sitosterol rcsults >93%

' blended olivs oils

28. The total sterol content will also give some indication of the quality of the oil.

Generally, a lower total sterol concentration was found in pure oil compared with
virgin oil. In this study, tle average values lbr total sterols are 1,565 mg,4<g fbr exta
virgin oil and 1,394 mg/kg for pure oit (i.e. a blend of virgin and refined oils). This

decrease might be expected after refining. However, the absolute concentration of ar-t

individual sterol may decrease less than that of another sterol owing to isomerisation

during processing (r4 15).'Ihe new Regulations for olive oil(r) set a minimum sterol

concentation of 1 ,000 mg&g lor both virgin and refined olive oils. lt is considered

that relatively high total sterol contents are genemlly encountered in olive oils ifthey
have been contaminated with olive-pomace (residue) oil. Values in the mnge

0.1

0.8
0.4
0.3

0.6
0.7

0.6
0.9

5.3

4.1

4.5
4.7
6.4
5.1

I

0.6

0.8

0.6
0.7
0.7

0.4

0.6

0.4
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1,80G2,000 mg/kg are tlpical. Wessels noted that(r8) olive-pomace oils contained

higher total sterols. Therefore, if the individual sterol concentrations and percentage

values ofan olive oil are satisfactory, but the total sterols encountered are higher ttran

expected, adulteration with olive-pomace oil may be the explanation. Under these

circumstances it would be prudent to determine the uvaol and erltlrodiol contents.

These are much higher in the olive-pomace (residue) oil and the sample should
exceed the 4.5% maximum for these pararneters, if residue oil has been added in
signifi cant quantities ( 1 0-2070).

29. Based on the findings ofttre desmethylsterol analysis, it is possible to state that

certain oils are suspected ofbeing mislabelled. This applies to C-5, Blend-2, Blend-3

and Blend-4 because in each case the apparent flsitosterol concentrations are

consistently and significantly below 93oZ and also because the levels ofcampesterol

arc gater thstrt 4Yo oftotal sterols.

TABLE 4

Statistical Data for Steml Determinations

Analysis of BCR Referrnce Material RMI62 (mgl<g)

BCR Mean Study Mean
(me^c) (ms&g)

Range (mg,&g) Std. Dev.
(me/kc)

CV(

Cholesterol
Bmssicasterol
Campesterol
Stigmasterol
0-sitosterol

A-5-avenasterol

A-7-stigmastenol

A-7-avenasterol

40
30

1480

680
4340

330

60

60

25

30
1410

618
3914

222

47

54

t740
22-39

I190-1524
518-677

3t1t-4392
152t97
33-11

42-64

26
l5
6
7
9

53

26

l3

6.6
4.7

95.2
43.5

310
51.4

12.4
'7.3

TABLE 5

Statistical Analysis of Sterol Determinations

Analysis of BCR Reference Material RMl62 (mglkgl

BCR Mean
(mc/kc)

Study Mea!
(ms&c)

Rarye (mg/kg) Std. Dev. (mg/kg)

Cholesterol
Brassicasterol
Campesterol
Stigmasterol
B-sitosterol

A-5-avenasterol

A-7-stigmastenol

A-7-avenasterol

0.3-0.6
0.4-0.?

20.9-23.6
9.0-10.3

60.4-63.5
2.64.2
0.5-1.2

0.6-1.0

0.6
0.4

21.8
9.7

61.8
4.7

0.9

0.9

0.4
0.5

22.2
9.8

62.0
3.5

0.8

0.9

0.t
0.1

0.8
0.4
t.0
0.7

0.2

0.1

)
2

I
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TABLE 6

Comparison of the Concenhations ofA-aAvenasteml in Extra Virgin Olive Oil

Sample Conc. (mg,4(g) Sample Conc. (mg/g)

A-l
A-2
A-3

A-5
A-7
A-8
A-9
A-10
A-l I
A-14
A-15

191:203
188:242

131-165

112-t t 8

136- t6 t
I l4-130
105-l I I
248-2s4
127-151

tt1-143
92-128
l0l-l l2

lll-ll7
78-98

t't1-201
89-166

255-314
222-269

223-301
220.251
113-147

58-84
125-t 33

B-l
B-2
B-3
B-4
c-l
c-2
c-3
c4
D-1
E-l
E-2
E-3

Overall Range 58-314 mg&g Mean 164 mg/kg n:90 samples

TABLE 7

Comparison of the Conc€ntrations of A-$Avenasteml in Olive Oils

Sample Conc. (mg/kg) Sample Conc. (mg,&g)

Blend-l
Blend-2
Blend-3
Blend-4
Blend-5

28-49
45-54
45-59
32-57
3s-38

A-6
A.-12
A-13
E-4
c-5
B-5

93-109
43-60
53-s8

t22-128
37 -50

Ovemll Range 25- I 28 mg/kg, Mean 55 mg/kg n=43 samples

(ii) Delerminalian of Aliphatic Alcohob by Copillory GLC

30. This technique is no longer part ofthe Regulation having been replaced in 1993

by a method for the measurement of wax content 
(e). 

Nonetheless, the results are of
value and are discussed below. Approximately 90% of the linear aliphatic alcohol
content is found in the even carbon number alcohols in the rati o 2tr/o C22;3U/o C24;
3U/o C26; 1U/o A8 approximately. The Regulation (') sets a maximum total of 300
mg aliphatic alcohoykg oil for the exta virgin oils and 350 mg/kg for pure olive oils.
A- 1 2 (an olive oil blend) is the only sample that appears to fail these regulations, \ iith
an average of 444 mgkg A possible explanation of this high concenuation is
contamination with lampante oil or wittr olive-pomace (residue) oil. The
concent?tion of aliphatic alcohols in A-12 suggests that the oil may be mislabelled.
Data obtained in this study are similar to those observed in other such studies 

( 16' r7).

31. Liule repeatability or reproducibility data regarding atiphatic alcohol
determination are available. However, from the repeatability data derived from this
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study and presented in Table 8 it is clear that the determination of aliphatic alcohols
may be undertaken pecisely.

TABLE 8

Statistical Data for Aliphatic dmhol Determination

Sample Total Aliphatic Range (mg/kg) Std.Dev. (mg/kg) CV (o/o) Number of
Alcoholcontent replicate anal

(mg&g)*-

B-5

A-2

E4

125

248

278

t4.t

42.8

31.0

19.9

11.3

17.2

I t.2

7.9

9

6

5

5

Notei** = Sum of C22,C23,C24,C25,C26,C27 ad C28.

E4 : Pure Olive Oil, all olhers Ext" Virgin Olive Oil

(iv) Interpretation of the Specific Eninciion Resul8

32. Specific extinction has been used as a simple, rapid method for establishing
*trether virgin oils contain refined oils (if measured at 270nm) or olivo.pomace oils
(if measured at 232nnr). However, a complication eists. Lipid oxidation will
increase the extinction at 270nm which could cause a pure virgin oil to be wmngly
considered as adulterated. Consequently, oils that initially give rise to high values at

270nm should be fi€ated witl alumina which will remove oxidation products. If the
resultant e(inction is below 0.1l, the oil is considered to free from refined oil, but
adulterated ifthe value is greater than 0.1 I

33. The results obtained in this study for exta virgin olive oils indicate that the bulk
have specific extinctions at 270nm below 0.25. This meets the wrofficial limit at the

time the oils were puchased. However, Dl, A-9 and C-2 failed to meet this limil
They were therefore subjected to teatrnent with alumina, and fifiher analysed at

270nm. In all cases the specific eKinction was reduced to below the limit of 0.1 1. It is
mnsidered therefore that these oils were oxidised rather ttran adulterued with refined
oils. Furthermore, the peroxide values for these oils were amongst ttre highest ofthe
oils tested, an additional indication that the products were oxidised rather than

adulterated (Table 9).

TABLE 9

Specific Extinction of Extra Virgin Olive Oils at 270nm.

Sample Before Alumina Afler Alumina Peroxide Value
Trealnent Treatment (MeqOr/kg)

104-146

210-103

232-317

227 -215

D-l

A-9

0.09

0.09

0.09

20.0

13.5

16.0

0.29

0.21

0.25
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34. As described above, DI met the specific extinction cr':freria at 270 nrno following
teafinent with a]umina This was not t]re case at 232 nm as shown below (table 10).
This suggests that the oil might be adulterated with uruefined olive oil or wrefined
olive-pomace oil.

TABLE 10

Specific Extinction Data for D-l
Kro KrTo+Atumina Kr,
0.29

0.20

0.09

0.10

3.23

2.40

(u) Interpretalion of the Free Fatly Acid Results

35. The FFA content of an oil is a measure of its quality. With regard to processed

vegetable oils, the lower the FFA conten! the more acceptable the oil becomes to the
human palate. However, virgin olive oils can not be classified in the same way as

fully refined oils, because their characteristic flavour involves a sharp componeng

which is attibutable, in part, to the FFA in the product. Consequenfly, higher levels

ofFFA are acceptable in virgin olive oils.

36. The FFA ofthe extra virgin olive oils tested in this study varied llom 0.21 to
1.07% (x oleic acid) and those of the prue olive oils from 0.18 to 0.81%. Only one

sample (C-3), labelled exu:a virgin, had an FFA content in excess of the 1% limit
prescribed by t}re EC Regulation. Wift this exception, all other samples should be

considered satisfactory with regard to FFA.

(vi) Interpretution of lhe Perarifu Value Result

37. Peroxide value @V) is a measure ofthe amount ollipid hydroperoxide present in
an oil due to oxidation. It is therefore a good indicator of the quality of *re oil. As
might be expectd the pure olive oils, which by definition are a mixure of virgin and

refined oils, have lower PVs, mostly below l0 meq Olg, whereas only one virgin
oil has a PV of less than 1 0.

38. The EC Regulation(r) limits exha virgin olives oils to maximum peroxide value
of 20 meq Q/kg, and pure olivc oils to a maximum limit of 15 meq Orlkg. On this

basis all oils tested were satisfactory

(vii) Interpretation ofthe Results ofthe Overall FaflJ, Acid Composition

39. The fatty acid compositions of the oils in this study were lound to be in acmrd
with those in the literatr.ue 

(r6'r8're20?r). A number of compositions were slightly outside

the limits stated in the EC Regulation, these are shown below in Table I l, but are

considered to be oflittle sigrrificance with regard the oil purity.

(D D.I

(ii) Maximum permitted
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TABLE II
Fatty Acid Compositions - Samples that fail to meet the criteria

in EC Regulation 2568D1.

Sample Limit Value Mlristic acid Behenic acid I-ignoceric acid
0.17o max, 0.3% ma-r. 0.5olo max

E-1

E-2
A-6
A-t2
A- 13

Note: The above sarnples met all other fatty acid limits.

All other samples fully met the rcquircments ofthe fatty acid mnges, etc.

40. The use of fatty acid compositions to describe the purity of olive oils has been

criticised because ofthe very wide variations in the concentrations ofparticular fatry
acids. This tends to make it more difficult to authenticate the purity of an olive oil in
comparison with other single seed oils. The oleic acid content of B-3 x 64.9oh is

almost 502 lower than that of any other in this study. However, this is within accepted

limits e.g. the Codex range for oleic acid is 55-83%.

o.iv"
0.60/o

0.6v.
o.rr.
0.20/.
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S.4 CONCLUSIONS

41. It would appear that the methodologz quoted in the curent and past versions of
the EC Regulation (t) is generally time-consuming and can give rise to inconclusive
and ambiguous results. It is also unclear the extent to which the methodolory has

been successfi rlly collaboratively tested.

42. Methodolory, based on the determination of dehydrated sterols (steroidal

hydrocarbons or sterenes), already exists and permis ttre identification ofrefined oils
in virgin oils; this methodolory has now been incorpomted into the Regulation.
Additional techniques involving the analysis of oils for their n-alkane profile and
using artificial neural networks may also prove valuable in the prevention of liaud
involving olive oils.

43. When making judgements on an oil's pudty it is important to consider the
following aspects. The methodolory and limits laid down in the Regulation do not
indicate tolerance levels. For example, the apparent B-sitosterol concentration of a
pure olive oil should exceed 93% ofthe total sterols. It is unclear, however, whether
the repeatability of the sterol determination has been taken into account when
establishing this limit and whether any tolerance values have been or should be added

to this value. Futhermore, there will clearly be natural variation in olive oil
composition which will be dependent on climatic and geographical conditions, etc.

but it is not clear to what extent this is included in the limit set in the Regulation(1).

44. lt is stongly recommended that dre ana$cal limits for certain criteria be

developed to permit conclusive authentication of olive oils. In particular, for tire
determination of sterols (including uvaol and eryttrodiol) and saturated fatty acids at

the 2-positiorl ranges rather than only maxima or minima should be presented. This
would permit the calculation of means and standard deviations, etc. Consequently,

the degree to which an oil was considered pure (or impure) could be calculated with
a degree of confidence i.e. t 2 standard deviations fircm the mean for 95Yo

confidence; t 2.3 standard deviations liom the mean for 99% confidence.

45. The analltical results of the fatty acid composition, FFA and PV determination
are in accord with the marmer in which the oils were labelled.

46. The desmethylsterol results indicate that C-5, Blend-2, Blend-3 and Blend-4 were
suspect because their contents of B-sitosterol were corsistently and significantly
below 93% and the levels of campesierol exceeded that pemitted (4%).

47. The aliphatic alcohol contents ofthe oils were acceptable for all but one sample.

A- 12, a blended olive oil, contained 444 mg&g which is considerably greater than the

permitted concentation of 350mg4<g for such products. This oil was, therefore,

suspect.

48. Dl failed to meet the criteria for saturated fatty acids at the 2-position and the

specific extinction at 232 nrn This oil is suspect and might be adulterated with an
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unrefined olive oil or olive-pomace oil.

49. Should an oil fail to meet the appropriate specification, it is not fully clear whether
this is a result of the ana$ical criteria within the specification being inaccurate, faults
within the methodologz, or the oil not being of the q'.rality stated on the label. It is
also possible ttrat it could be a combination of two or more of these factors. As a
result of these uncertainties and because the samples were purchased before the
Regulation came into force, the commercial identities of the oils are not presented.

Futhermore, the main objective ofthe study was an evaluation ofthe methodolory
in determining olive oil purity, rather than a representative suveillance exercise to
establish whether the olive oil on the llK market was as labelled. It should also be
appreciated ttmr a limited number of samples were str:died (thilty five) and the
collection area was relatively small.
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S.5 AtlNEx I
DISCUSSION OF ANALYTICAL METHODOLOGY EMPLOYED

(i). Analysis of the Fatlt Acids at the 2-Position of Glycerol (2-Position Analysis)

50. This technique involves the partial en4mic hydrolysis of the glycerides to
produce 2-monoglycerides. These are separated by thin layer chromatogra,phy,
derivatised and their fatty acid composition determined by GLC. The technique is of
particular use in determining whether olive oils have been adulterated with
re-esterifi ed olive oils.

51. The analysis of an oil for the fa$ acids at the 2-position is imporlant for the
following reasons:-

(a) For vegetable oils, the 2-position profile is often different to the overall fatty
acid composition CAC). It is believed that this is due to satr.rmted fatty acids
being preferential.ly incorporated at the l,3-positions by the bioq,nthetic process.
Therefore, the 2-position provides an altemative composition which is indicative
ofoil purity.

(b) The enrichment factor or EF (see below) is different for different oils and may
assist in thei authentication. For example, this factor may be of value in
distinguishing groundnut oii from maize germ oil or suflowerseed oil using the
linoleic acid EF, or palrn oil fiom its f:actions by uing the palmitic acid factor.

EF = % fatty acid X in 2-position / %fatty acid X in overall composition

(c) The EF is also a useful indicator ofthe presence of re-esterification, which is
particularly relevant to olive oils. For example, in olive oils of poor qualif, fatty
acids may be hydrolysed fiom the triglyceride. These may be recovered during oil
refining, and recombined with glycerol to form an oil with the same overall FAC,
but having a different distribution of fatty acids within the triglycerides. In such a
case the 2-position distribution is altered and the re-esterified oils have a
considerably higher concentration ofpalmitic and stearic acids at the 2-position in
comparison with a virgin olive oil. This is illustrated in Table 2. Re-esterified oil
is sometimes illegally blended with more valuable gades of olive oil for
commercial gain. For example, a study in the US in 1985 (3) found that of
twenry-five oils labelled as being "pure" or "virgin", only seven werc believcd to
be genuine. Of the others, fourteen contained re-esterified olive oil, which was
detected by 2-position analysis.

52. In studies on palm oil, e2) it was shown that the large quantities of solvents in the
oil during the lipolysis, (an original requirement of the method) gave erroneous
results. The reasons for this have not been established.

53. Short-chain fatty acids (buq.ric, capric and caprylic, etc.) arc readily hydrolysed
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by water under the conditions ofthe test. Therefore, the test is rursatisfactory for fats

containing meas.lable quantities of short-chain fatty acids, such as butterfat, palm
kemel oil and coconut oil.

54. Accurate results are obtained only if the hydrolysis stages are accurately timed,
and sufficient hydrochloric acid added to inactivate the enryme after the specified

time. If these precautions are not taken when analysing olive oils, i.e. lipolysis is

prolonged, high and false concentrations lor palrnitic (C 16:0) and stearic (C 18:0)

acids will be recorded.

55. lntegation of peak alea from the GLC chncmatogram is an impottant

consideration. Since the method specifies that only 0.1 g of oil should be analysed

and less than one-third of the faq, acids are e\t"cted and analysed under the test

conditions (i.e. those in the 2-position), the concentuation offatty acid methyl esters in
the final hexane exru?ct may be too small for the integz.tion to be undertaken

satisfactorily. Three modifications to improve this situation have been developed:-

a) increase the concentmtion of the methyl estets injected onto the GLC by
reducing the volume of solvent;

b) ensure complete rcmoval of the released fatty acids at the 2-position by

increasing the volume of exhaction solvent. If combined with concentration step

in (a), this gives rise to improved chromatograms;

c) increase the weight of sample from 0. I to 0.2 g together with corresponding

increases to the quantities ofreagents used.

56. The very large concentation differences betwecn the adjacent peaks of Cl8:0
(0.01- 0.2%o for all but one oil) and C l8:l (7 G91Yo) can lead to the C i 8:0 peak being

unresolved by the integator although it can be seen by the naked eye. Column

performance should be monitored to ensure satisfactory resolution and integration are

achieved. The column conditions used in this study were capable ofresolving stearic

methyl ester lrom oleic acid methyl ester when prcsent at 0.5% but not at 0.01%.

57. Evidence is available, although unpublished, ftat demonstrates that an artefact

which elutes with a similar retention time to Cl5:l is sometimcs observed in the

reagent blank; care should be exercised to ensure *rat this peak is not mistaken for
that attributable to C I 6:0.

58. Difliculties have been experienced resulting in poor TLC separation of the

2-rnonoglyceride band (Rf : 0.035) lrom the non-eluting material on *re TLC

baseline. This has also been shown using 99% pure mono-pahnitin. Removal ofonly
the 2-monoglyceride should be made. Separation may be improved by using dried

chrornatogra.phic quali! solvents.

59. The method contained no irstruction to the analyst that the TLC plates should be

cleaned prior to use in order that artefactual contamination bc avoided. This is

however stated in the liC Regulation 
(r ) and was undefiaken in this srudv.
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Analysis of (ii) Surols and ftii) Aliphatc Alcohols

60. The determinations of desmethyl sterols and aliphatic alcohols involve similar
techniques and consequently will be considered together. The large number ofstages
involved in each tends to reduce the degree of accuracy when determining absolute
concentrations. This is bome out by a collaborative tial undertaken by the
Community Bureau of Reference @CR). The results showed a wide divergence for
the absolute sterol concentations (mg/kg) between labomtories (CV = 20lo)
compared with relative percentages (CV :5yo). The methods therefore need to be

written in a way that assists the analyst to minimise losses and a number of
improvements could be made to the sterol protocol.

61. For example, the initial stages ofthe sterol and aliphatic alcohol analyses should
be combined since these tests are essentially identical up to identification of the

individual bands on a TLC plate.

Comments on each stage ofthe combined procedure are given below.

Step I (Section 5.1.1) Choice of Internl Standard (S) for Sterol Anafi,sis

62. Three IS are commonly used.

a) 5-cr-cholestane. This has frequently been used. However, sterols contain a

B-hydncxy goup in the ring A at carbon 3 which is absent in 5-a-cholestane

rendering it less polar. If added at the beginning of the analysis 5-c-cholestane
does not appear on the final sterol chromatogram because it has a different RF on
the TLC plate than sterols and is therefore lost from the analysis. Consequently, it
should only be added when derivatising the sterol band and is then not a true IS
ior the firll procedure.

b) Rcholestanol (altemative names dihydrocholesterol, 5-a-cholestan-3-flol).
This is the IS recommended in the cunent study. The disadvantage wift this
compound is its elution in close proximity to cholesterol in the GC chromatogmm
(Relative Retention Times (RRT) cholesterol : 0.66; flcholesanol = 0.67;

B-sitosterol = 1.00). Consequendy, complete resolution ofthe two compounds is

not always achievd casting doubts on the accuracy of the absolute

concentrations obtained.

c) Betulin (altemative name Lup-20(29!ene-3,28 diol). This is the IS
rccommended by BCR. However, a number of problems may arise in its use. For
example

- Silanised behrlin hm a vcry long rctention time. This mtes it morc suitable for
determining uvaol and eryhrodiol than for serols (RRTs betutin = l.6l; uvaol 1.52;

Fsitosterol 1.00).

- It is not ofconsistent puity.
- Derivatisalion is slow and sometimes incomplete.

- If the sterol band contairs oxidised material or if oxidation oocurs! e.g. becatrs: of
anall,tical delays ctc., artefact pcaks will elute with retention chamcteristics similar to

72
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those of betulin. Therc is a danger of rurdetcctcd co-elution with the lS giving rise 1o

elroneous rcsults.

- Betulin has limited solubility in common solvents. If behrlin was employed as IS
con-siderable modifications to the proccdurc would be necessary. For example,
- Di-iso propyl cthcr (DIPE) should bc addcd to the reaction mixture before
saponification, to ensue complete dissolution ofbetutin. IflDIPE is omittul, the betr:lin
peak area is decrcased, giving rise to false high absolutc stffol concenfatiors.
- BetLrlin is insoluble in all the rccommended TLC developing solvent mirtures (Table

12), and the procodurc can only be satislactorily accomplishcd by rse ofa mir1ure of
toluene (95 parts): acctone (5 parts).

- Beflrlin does not co-clutc with the sterol band on the TLC platc (RFs. bctulin 0.14;

cholesterol 0. I 8). This necessitales the removal of a wider band, increasing the risk of
incorporating interlerrnces from other oil components.

ln these studies, B-cholestanol was used. The IS for aliphatic alcohols
(1-eicosanol) appears to be satisfactory.

63. Repeatability is improved if the IS solution is added by weight rather than by
volume.

Step 2 (Section 5.1.1) - Sample Weight

64. The method implies that a sample weight of 5 g be used, which is acceptable in
the present work, where considerable amounts of sample are available. However, in
many commercial and enforcement situations very limited arnounts of sample are

available and it may be necessary to carry out several ana$cal procedures. If this is

the case, a combined analysis for sterols, uvaol, ery.throdiol and aliphatic alcohols can

be carried out adequately on a 19 sample.

Step 3 (Section 5.1.2) - Saponifrcation ofSample

65. Lnitially the method stated that methanolic rather than ethanolic potassium

hydroxide (KOII) should be used. Methanol boils at a lower temperature (64.5'C)
than ethanol (78.3"C) and the rraction is consequently undefiaken at a lower
temperatu€. The rate of breakdown of sterol containing lipids (i.e. steryl esters)

might, therefore, be reduced if methanol rather than ethanol was used as solvent.

Since any trnreacted steryl ester would not behave as a free sterol the use ofthe lower
boiling solvent might lead to incomplete saponification and therefore inaccuate
results.

(The EC Regulation 
(r) reinstated ethanol as the solvent in the saponification

stage). Analyses reported here were caried out using ethanol, since compamtive
studies using methanolic and ethanolic KOH indicated that use ofthe iormer gave

rise to variable and inaccurate results.
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Step 4 (Section 5.1. j) Extraction of Unsaponifable Matter (lSltl
66. The USM was extracted with three portions of diethyl ether. Emulsions that may
arise can be destroyed by adding a small volume (5 nrl) of the alcohol, followed by
gantle invenion ofthe separating funnel.

Step 5 (Section 5.1.4) Moisture Removal

67. The procedure for this step is satisfactory, but ttre sodium sulphate and filter paper

should be washed on at least four occasions with diethyl ether to remove all the

rursaponifi able matter.

Altematively, the drying process could equally be canied out by adding 100 rnl dry
acetone and waporating to dryness. This removes the traces of water present by
azeotopic distillation. This technique is prefened because it eliminates possible

losses ofrusaponifiable matter due to insufficient washing ofthe sodium sulphate.

Step 6 (Section 5.1.5) Determinntbn of nass of USM

68. This is canied out to ensure that sufficient derivatising agenl is added to the USM
to ensue complete derivatisation of the free sterols. Dudng drying at l00oC, care

should be taken to avoid sterol oxidation. To overcome this possibility, ifan excess of
derivatising agent is added there is litde need to dry and weigh the USM. Should a
determination of total wsaponifiable matter also be required, it is more appropriate to
carry out a separate dete nr ination (13).

Step 7 (Section 5.2.1) TLC separation ofcomponents ofthe USM

69. FFA present in the USM are removed by dipping plates in 0.2 N ethanolic
potassium hydroxide thereby allowing retation of the resulting soaps on the
baseline.

70. A benzendacetone mixnre is stated in the method as developing solvent.
Howeva, owing to benzene's highly toxic nahre, its use must be avoided. A
hexane+thyl ether (65:35) solution may be used as an altemative. Equally effective
developing solvents are available as shown in Table 1 2.

TABLE 12

Alternative Developing Solvents for Steml and Aliphatic Alcohol Analysis

Developing Solvent Mixture

40-60 Petroleum ether: diethyl ether: acetic acid

Hexane: ethyl acetate

Methylene chloride: carbon tetrachloride

Chloroform: diethyl ether

Chloroform: diethyl ether: acetic acid

40-60 peholeum ether: diethyl ether

80:20:l or 90:30:2

4:l or 85:15

l:5

9:l

94:5:l

l:l

14
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71. With regard to the extaction of the sterols and aliphatic alcohols fi'om the TLC
plates, the standard is acceptable but improvements as described below should be

made:-

For glass plates.

A{icr rcmoval ofthe band from the TLC plate, transfer to a 50 nrl round-bottom flask

mntaining 10 ml chloroform. Attach a mndenser and reflux on a steam bath for 1 min.
Cool tnd dccant the chloroform tlrough a {llter paper into a 100 ml conical flask.

Repeat this procedure three times. EvapoEte the solvent and proceed with the

derivatisation.

For plastic plates.

The losses duc tc dust formation may be reduced considerably by the follo*ing. The

required band should be cut into small pieces and tasfened to a 100 ml glass beaker

and soaked in hot chloroform (4h I 0 ml) and filtercd. The solvent should be evaporated

and the samplc derivatised. The inhalation ofsilica dust is a health hazard. Thc abovc

procedure should reduce the likelihood ofinhalalion.

72. Some workers recornmend that the fiterpene dialcohol components uvaol and

erythrodiol, be examined along with the sterols. I{igh levels ofthese hvo compounds

indicate the presence ofolive-pomace (residue) oils.

It has been shown 
(23n 23b' 2:r) that pressed oils liom Spain, Tmisia and Greece all

contain less than 570 uvaol and el]'tfuodiol, exprcssed as a percentage of sterols plus

uvaol plus eryttnodiol. This limit is prescribed by Italian law and by various trade

bodies. These two compounds were no! however, studied in the present work. The

triterpene dialcohols rvere shown to elute from the TLC plate liactionally belore the

sterol band. Thereforc, the two bands can be removed from the TLC plate, combined,

and the GLC separation olderivatised (silanised) components undertaken.

Iflevels above 5% in the combined sterol/triterpene dialcohol band are found, this is

an indication that the virgin olive oil is contaminated with olive-residue oil. There ale

obvious limitations to the detection of residue oil by dris process. Most of the oils

studied by Paganuzzi 
(2ra' 23b' 24) were well below the Italian 50% forensic limit, enabling

some rcsidue oil to be added without detection. The Regulation (') has a more rigid

limit 014.5%. Passaloglou-Emmanouilidou(25) claims that the method is only suitable

lor detecting adulteralion with 20% or more ofresidue oil.

Step 8 (Section 5.3) Derivatisation ofSterols arul Aliphanc Alcohols Prior to GLC

73. In this study, both sterols and aliphatic alcohols were converled to their silyl

derivatives. The procedure is that used traditionallf'?6). The reagent used is

bis(trimethyl-silyl)trifluoroacetamide (BSTFA) containing I % trimethyl chlorosilane;

derivatisation of sterols and aliphatic alcohols occuts widrin 15 min at room

temperature. The Regulation {r) permits the use of this reagent. Other derivatisation

techniqucs that could be used include formation olacetyl derivatives 
(27) 

and silylation

using hexamethyl disilazane and trimethyl chlorosilane in the presence of py't'idine 
('*'

15
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Silylation of the alcoholic groups is rcquired to improve the chromatographic
properties of the analltes.

Step 9 (Secton 5.4) Arulysis of Indivifual Components in the Sterol and Aliphatic
Alcohol Fractiow by Capillary GLC

74. The conditions prescribed in the meflrod me exactly the same as those in EC
Regulation (r) and are satisfactory. In this stLrdy, on-column injection rather than split
injection was used. Comparative analysis revealed that both injection systems gave

similar results. On-column injection was used to a greater extent because, in theory it
has two advantages:

i.1 There is less analy,te discrimination.

ii) There is greater sensitivity,

75. The injection technique is also critical. It is stated that the needle must be
pre-heated for i-2 seconds before the plunger is pressed. The same technique is
prescribed in EC Regulation (r ). The needle should be heated for at least three

seconds prior to injection. When the plunger is pressed the contact of the solution
with the hot needle creates a minor explosion, during which the sample is ejected

violently out of the needle. This minimises the amount of material left inside the
needle, rapidly injects the sample on to the column, produces smal1 droplets which
move more easily with the carrier gas and volatilise more quickly, contributing to
improved reproducibility and resolution The hot-needle technique can be used

satisfactorily with both split and on-column injection systems.

76. The GLC conditions used for both sterol and aliphatic alcohol determinations are

presented in Table 1 3 .

TABLE 13

GLC Parameters for Stcrol and Aliphatic Alcohol Analysis

Parameter Sterol conditions Sterol conditions Aliphatic alcohol Aliphatic alcohol
conditions conditions

Stationary phase

Canier gas

Initial Temp. ('C)

Hold time

Rate of increase ("C/min)

Final Temperature (t)
Final Time (mins)

CP SIL 19

Hydrogen

220

0

4

260

45

CP SIL 8

Hydrogen

270

0

0

210

60

CP SIL 19

Hydrogen

180

4

5

240

60'

CP SIL 8

Hydrogen

180

5

80

260

60'r'

Note: * = Relevant peaks willhave eluted within l0 nrins.

However, olher compounds such as bitcrpcnc diolswillelute up to approximalel) 50-55 nlins.
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General Consifuratbn of the Methodologt for the Sterols und Aliphatic Alcohols

77. The non-availability of primary standards for the analysis of the 4desrnethyl
sterols has been a consistent problem and although certain companies have claimed

to produce sterols of high pudty, examination has indicated that these products

contain, on occasiorx, behveen 2G30% impurities.

78. It is generally accepted that cholesterol is the only desmethyl sterol that may be

purchased in a highly ptue form. [r the current study, no attempt was t]rerefore made

to calculate response factors for the sterols. There would be an overlap between

cholesterol and B-cholestanol, the intemal standard preventing reasonable

measurements being made for the one sterol of suitable purity. However, the impure

sterols could be used to establish retention times. A secondary standard is available

which may be used to act as a guide to analyical repeatability, etc.

79. Thrce different GLC liquid stationary phases have been used in this study,

namelyi CP SIL 19CB, CP SIL 8 and DB5. As would be expected, some minor
differences in resolution were noted between the stationary phases. All three columns

had irsufficient resolution to separate 24-methylene cholesterol from campesterol,

and sitostanol from Bsitosterol. Both CP SIL 8 and DB5 were unable to resolve

a-5,23-stignastadienol from chlerosterol. However, it is the sum rather than the

individual concentations that is required for these comporutds as they form part of
the'apparent flsitosterol' grouping.

80. On occasions, it is possible to employ simple ratios involving two or more

analyical parameters to assist in the inte{pretation ofthe analytical data. Clearly, it is
important that these are tue differences and that analytical effols are not being

enhanced. It became apparcnt, howeveq that it is not possible to use any of these

ratios to distinguish between extra virgin and pure olive oils and although use ofthe
ratio B-sitosterol /A-5-avenasterol appeared to enhance the differences, it did not
provide firm evidence ofthe difference betrveen the two gra.des.

Aliphatic Alcohols

The same thee GLC stationary phases were used for the aliphatic alcohol

analyses as for the sterol analysis, namely CP SL 8, CP SIL 19 and DB5. There

werc no apparent differences in resolving power ofthe three columns when used

in *re aliphatic alcohol analysis.

There are a number of difficulties in carrying out this analysis. These include the

following.

a) There iuc few published dat4 or literatue referenccs.

b) There is no suitable reference matcrial on which an analyst mlamiliar with the

technique can practise.
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81. The individual alcohols between C20 and C28 can be obtained. These were med
to obtain relative retention times (RRT) and response factors (RI) (Table 14) which
are very close to unity except for C26 and C27 . The peaks associated with these

compounds showed signs of tailing. This probably led to an increase in the

coresponding response factors to 1.16 for C26 and 1.10 for C27 .

82. A number of unknown compounds were observed in the chromatogram.

Identification was attempted by examining the chromatogaphic properties of
palmitic acid (RRT 0.02); uvaol (0.08); cholesterol (0.09); eicosanol (0.23); trilaurin
(0.52); alpha{ocopherol and alpha-tocopherol acetate (0.56); squalene (0.72);

beta-carotene (0.02 & 0.81). However, these compounds were not the cause and the

identity of the interferences remains unknown.

83. It was found that the saponification must proceed for at least i hour. This was

established following studies on the saponification ofC32 and C33 wax esten, which

are resistant to saponification. The EC Regulation is vague in that it states that the oil
should be saponified (i.e. the solution becomes clear) and that saponification should

continue for a fi.lther 20 mim once this has been observed.

TABLE 14

R€sponse Factors and Retention Timcs for Aliphatic Alcohols

Aliphatic Alcohol Typical Retention
Time (min)

RelativeRetention ResponseFactor
time

Ejcosanol (C20) -
Intemal Standard

Docosanol (C22)

l'ricosanol (C23)

'letracosanol (C24)

Peitacosanol (C25)

Ilexacosanol (C26)

Heptacosanol (C27)

Octacosanol (C28)

(c26 = 1.00)

0.50

0.69

0.78

0.85

0.91

1.00

1.09

t.2t

(c20: 1.00)

1.00

r.00

1.01

1.00

1.16

l.l0
0.99

Il.t3
15.36

17.33

18.88

20.20

22.24

24.17

27.0t

( CP SIL I 9 CB Stationary Phase)

(iu) Specifu Evinction 232nm and 270 nnt

84. The specific e*inction has been used as a simple, rapid method for establishing

whether oils labelled as virgin contain refined oils.

85. In the initial MAFF publication (a) of this method, it was not made clear at what

stage, or why, the alumina column should be used. The explanation is that the usual

1 :4 distribution of double bonds as fomd in linoleic and linolenic acids may be
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changed to a conjugated 1:3 system ofdienes ard tienes drning oxidation or refining.
Oxidation may give rise to El%r* 270 nm higher ttran the maximum 0.25 expected in
a genuine virgin olive oil. If oxidation is suspected, the sample shoutd be treated with
alumina chromatographic column to remove oxidation products. Regulation no.
2568/91 (') corrects this omission. The limit for the specific extinction at 270 nm after
this alurnina t€atnent is 0. 10(r).

86. Measuements have also been made at 232rm. to determine the presence of
olive-pomace oils. It is considered that olive oils having a specific extinction greater

thari 5 are ofpoor quality.

87. There are two practical difficulties with the method as written. The dilution
suggested (ca 1% oil) is satisfactory for measurements at or around 270 nnt"
However, a 5-fold dilution is required to enable measurement of the specific
extinction at 232 nm whictr, to prevent r.rnderestimation, should be added to the text

8& The second difficulty concems the mea$rements at 270 nm. Ifthe spectal curve
is plotted between 260 and 280 nnr, an actual maximum occurs at arowd,268270
nm for most samples labelled pure olive oil. However, only a shoulder is seen for
many of the samples labelled exra virgin olive oil. This makes the calculations for A
E rather dubious. A E is defined as

62=6'-E^<!E'-q

where { is the specific extinction at wavelength rq the wavelength for maximum
absorption aromd 270 nm.

89. The method is identical to BS 684 Section 1.15 
(r8), which was successfully ring

tested before adoption. The repea.tability and reliability are satisfactory.

(u) Free Fofly Acids (FFA)

90. The FFA of an oil is a guide to its quality. In general the greater the FFA the
lower the oil quality. However, virgin olive oils cannot be classified in the same way
as firlly processed oils since their characteristic flavour is atffibutable, in par! to their
FFA. The FFA can increase as a result of enzymic lipolysis oftiglycerides but more
often it occurs following the action of water on the ester linkage betrveen the fatty
acid and the glycerol moiety ofthe fat.
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91. Me*rods for the titimetric determination of FFA in oils fall into two categories.

One uses aqueous alkali and is canied out in hot alcohol (30'3rJ2). The other (used in
this study and technically equivalent to ISO 660 

(3r)) tses a cold solvent mixture such
as a 1:l diethyl ether:ethyl alcohol mixure and titration with ettranolic potassium

hydroxide solution (3x30).

The repeatability and reproducibility data quoted in the method indicate that the
procedure is rcliable. However, the following criticisms have been made of
methods which use cold alcoholic alkali and diethyl ether

i) Diethyl ether has a high vapour pressure and low boiling point giving fise to high

concentratiom of ttrc solvent in the locality. The inhcrent fte risk and disposal of 0re

waste ethel arc morc problematic than with alcohol alone.

ii) Alcoholic solutiors ofpotassium hydroxide are unslable and readily evaporate. In
addition, thc solulion absorbs atnospheric carbon dioxide more readily, nccessitaling

morc ft€quent standardisation of&e dtrant.

(iii) Ethanol has a greater thermal expansion than water. Therefore experimcntal enor is

higher when slandard ethanolic solutions are used especially urder conditiom where

there are large laboraory tanperature fluctuations. Partly for these reasors, ISO is
about to withdmw the cold mired solvent ISO 660 (1989) venion and replace it with a
hot etlranol venion equivalent to t1rc BS method. This new test will bc ISO 660
(193)05)'
(iv) lt should be appreciated however, that other facton such as the solubility ofthe oil
and FFA in the solvent favour the usc ofdietlyl ether, etc.

92. Ext:a vtgin olive oil is defined as having less than 1% FFA calculated as oleic
acid. Ifthe prescribed procedure was followed for this concentation ofFF A,20 g of
sample would have to be employed for each replicate analysis. There are many

enforcement situations where such a large sarnple would not be available.

93. Many ex[a virgin olive oils have a strong green colour, due to chlorophyll and

related pignents. In extreme cases the colour of the oil masks the phenolphthalein

end point. This can be overcome by taking a smaller sample, as mentioned above, by
fi.rther dilution, by use ofa potentiometric end point detection, or by use ofa different

indicator such as tlymolphthalein, alkali blue 6B or phenolphthalein masked with
methylene blue.

Colour change Replicate results Comments on end point
(acid > alkali) (FFA as 7o oleic acid)

Thymolphthalein

Alkali blue 6B

Phenolphthalein

Colourless to blue

Blue to yellow

Colourless to pink

0.73,0.73 Easy to see

Phenolphthalein masked Turquoise to mauve

with methylene blue

0.73,0.74 More difficult to see

0.70, 0.74 Easy to see, but CO,
absorption a problem

0.73,0.'13 Easy to see

On thc basis of these results, all four indicators lcad to tit'ations giving the samc F-FA value;

howcver, thyrnolphthalein and phenolphthalein masked with mctlylenc blue givc end points that

are readily obscrved. It is suggesled that thc official methods should givc tho analyst more scope to

80
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choose ftom a variety of indicators, and that these should include thymolphthalein and
phenolphthalein masked wittr methylene blue.

94. If mineral acids arc present in the oil they should be removed with distilled water
before the oil is titated. This is not made clear in the Regulation.

It is important that the sarnple be gently warmed and filtered before arulysis, as is
de:cnbed in the EC Regulation

(vi) Peroxide Vahe

95. The peroxide value (P\) is a measure of the amount of lipid hydroperoxide
present in the sample due to oxidation of the oil. The PV is, therefore, a good

indicator of ttre quality of an oil. It would be expected that pure oils (which by
definition are mixh.res of virgin and refined oils) would have lower PV than those of
virgin oils.

96. Chlorophyll-like pignents may interGre with detection of the end point. Dilution
of the flask contents, use of a smaller test portion and meas'rring the end point
potentiometically are all suitable methods of overcoming this difficulty.

97. The technique involves the addition of potassium iodide following which the
usual practice is to shake the contents ofthe flask for 1 minute, allow to stand for
either I or 5 mins, then add water and immediately titate the liberated iodine. In ttris
study, a 5-min standing time was used as stated in the method Experience suggests,

the additional standing time is of limited benefit.

98. The method itself is well written, and thae appear to be no omissions.

99. Chloroform is toxic. Altemative PV mettrods using less toxic solvents such as

iso-octane and acetic acid are being developed

100. The technique is identical to British Standard 684 Section 2.14 
(36), which was

successfully ring tested before adoption. The repeatability and reliability are

satisfactory,

(vii) Overall Fafiy Acid Composition

101. Edible oils are primarily composed of triglycerides (i.e. three fatty acids
esterified to glycerol). Consequently, the determination of FAC is a most important
measurernent in that it provides identity, purity and nutitional information.

102. The method employed in this study is equivalent to BS 684:2.34135 (SO
5508/9) (r0'rr2r). the technique is applicable to oils with FFA of less than 2oZ. It is not
applicable to oils that contain short chain fatty acids (Cl0:0 and below). It involves
the saponification of the oil following exposure to refluxing potassium hydroxide.
The resulting soaps are methylated to produce fatty acid methyl esters (FAME) by the
addition of a boron tifluoride-methanol complex. FAME are dried, diluted and
determined by capillary column GLC. The repeatability and reliability of the method
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are universally accepted. For example, it is recommended by IOOC for measurement
of the fatty acid composition of olive oils. However, it is not one of the methods
prescribed in the EC Regulation (1) 

( Annex 3).

103. EC Regulation (')was recently amended. It is now necessary to identifi a
number of cr,s and trans isomers of C18:1, C18:2 and C18:3 EC (u). However, to
obtain this information requires a more complex anallical conditions than used in
*ris study. It has not, thereforc, been possible to obtatn cis and trans values from the
original data

I
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-



J.Assoc. Publ.Analysts 1995,31,51-l I I

s.4 AtnrEx2

DESCRIPTIONS AND DEFINTIIONS OF' OLTVE OIIS AND
OLII'E.POMACE (RESIDUE) Otr.S

Taken from Council Regulation @EC) No. 356/92 of 10 February 192
amending Regulation No. I 36l66lEEC

1. Virgin olive oils;

Oils derived solely from olives using mechanical or other physical mears under

conditions, and particularly thermal conditions, that do not lead to deterioration of
*re oil, and which have undergone no teatnent other than washing decantation,

centifugtion or filtraion, but excluding oils obtained by means of solvents or of
re-esterification and mixtures with other oils.

These oils are classified as follows:

(a) Exlra virgin olive oil

Virgin olive oil having an organoleptic grading of not less than 6.5, a fiee fatty acid

content ofnot more than 1g per 1009 and the other chamcteristics which comply with
those laid down for this category:

(b) Virgin olive oil: (tre expression 'fine may be used at the pmduction and wholesale

stage):

Virgin olive oil having an organoleptic grading ofnot less than 5.5, a ft€e acid mntent

expressed as oleic acid ofnot more than 29 per l00g and the ofter characteristics u'hich

comply with those laid down for this category;

(c) (hdituvy ttirgin olive oil.

Viryin olive oil having an organoleptic grading of not less lhan 3.5, a fi€e fatty acid

conlent expressed as oleic acid of not more than 3.3g per l00g and the other

chamcteristics \afiich comply with those laid down for this category;

(O lanryte irgin olive oil.

Virgin olive oil having an organolepic grading of less than 3.5, and/or a tee acid

content expessed as oleic acid greater than 3.5g per l00g and the other characterisics

which comply wittrin those laid down for this category.

2. Refined olive oil:

Olive oil obtained by refiring virgin olive oil, having a ftee acid content exprcssed as

oleic acid ofnot more than 0. 59 per l00g and the other charactoistics which comply

with those laid down for this caegory.

3. Olive oil:
Olive oil obtained by blending refined olive oil and virgin olive oil, other than lampante

oil, having a ftee acid content ex?ressed as oleic acid ofnot more fian L5g per I00g

and the other characGrislics utrich comply with those laid down for this category.
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4. Crude olive.residue oil:
Oil obtained by trcating olive residues widr solvents, excluding oil obtained mears of
reesterffication and mixtures with other lpes of oil, and the other characterisics u,l.rich
comply with those laid down for this category.

5. Refined olivFresidue oil
Oil obtained by refining cm,Ce olive-residue oil, having a fue iatf acid content
expressed as oleic acid of not more than 0.5g per 1009 and thc other chamctedstics
which comply with those laid dorm for this category.

6. Olive-residue oil
Oil obtained by blending refined olive-residue oil and virgin olive oil other than
lampante oil, having a ftee fatty acid content expressed as oleic acid ofnot morc than
l.5g per l00g and the other chamcteristics which comply with those laid down for this
category.
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ANNEX3

DtrTERENCES BETWEEN TIIE METIIODOLOGY LTSED IN THIS
STUDY AND TTIAT QUOITD IN EC REGT]I,ATION 2568D1

As will be seen from the following there are a number of occasions where the
methodolory used in this study was different to that described in ttre EC
Regulation 2568/91. However, in the vast majority ofcases the differences are not
significant.

1. Determination of the Fatty Acids at ttre 2-position of the Triglyceride

Identical ro rhe method quoted in EC 2568,91.

2. Determination ofthe Composition of Sterols by Capillary-cotumn GLC
Almost identical to that quoted in EC Regulation 2568/91. The only difference ofany
significance between *re method used in this sudy and thar quoted in the original
MAFF publication was that the latter pescribed ttre ue of methanolic sol-riors dr:ring

saponifcation while the analysis was mdertaken using ethanolic solutions. The EC
Regulation also requires that ethanolic solutions are used. Further details on this point
are provided at pamgmph 65.

3. Determination ofAliphatic Alcohols Content by Capitlary Column GLC
The comments made regarding the determ Etion ofsterols are firlly applicable hele.

4. Spectophotometic Analysis ofoils to Determine Specific Extinctions

very similar to that quoted in EC Regulation 2568i91.

5. Delermination ofFree Fatty Acid @FA) Content and Acidity Value

Very similar to the method quoted in EC Regulation 2568/91.

6. Determination ofPeroxide Value (P\)
Very similar to the method quoted in EC Regulation256S/91.

7. Determination of Overall Fatty Acid Composition @AC)
The fatty acid composition ofan oil is usually esrablished by derivatising the substrate

to goduce fatty acid methyl estes $tfch are then determined by capillary column
GLC. In the sudy described in this paper, the oils were derivatised (methylaed) by
saponification with potassium hydmxide followed by addition of a boron

trifluoride-methanol complex. This procedure produces fatty acid methyl esters

@AME) rhich are then malysed by capillary mlumn GLC.

In the EC Regulaion 2568/91, this method is not quoted but five different techniques are

descdbed. The main differences bet^€en the methodologies lic in the derivatising agenls used

for producing the FAME. The technique us€d in this study employed borcn
tifluoride-methanol complex; those refened to in the Regulation used the following:

(i) sodiun methylate,

(ii) methanol-hydrochloric acid,

(iii) dimethyl sulphate and

(iv) methanol-hexane-sulphr.ric acid.

Nonetheless, the methodolory used in this study for the determination of the FAC
of oils is fully satisfactory.
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ANNEX 5 - Analytical Data
TABLE I

Two-Position Fatty Acid Prolile of Olive Oils (See Note 1)
lo/^nlrm\

oiltype: EV EV EV EV oEvEvEvoooo OOEVEV
(Note 4)

Sample no.: Bl B2 83 84 85 El E2 E3 EA 1 2 3 4 5 Cl C2

€

Fatty acids (Note 3)

Cl6:0 0,5 0.5 0.6 0.5 0.8 0.5 0.5 0.7

Cl6:l 0.5 0.6 1.2 0.4 0.5 0.5 0.5 0.5

Cl7:l 0.2 0.1 0.1 0.1 0.1 0.2 0.2 0.3

Cl8:0 NS 0.03 0.03 0.06 0.1 0.01 0.06 0.1

Cl8:l 83.8 91.2 76.9 89.2 87.4 87.3 83.3 85.3

Cl8:2 13.9 6.8 20.4 8.7 l0.l 10.6 14.5 l2.l
Cl8:3 l,l 0.'l 0.8 1.0 0.8 0.9 0.90 0.9

others 0.1 0.07 0.0 0.04 0.2 0.0 0.04 0.1

Total

(C16:0 + Cl8:0) 0.5 0.53 0.63 0.56 0.90 0.51 0.56 0.8

Effichment factor

Cl6:0 0.05 0.05 0.04 0.06 0.0E 0.05 0.05 0.07

C18:0 - <0.01 0.01 0.03 0.03 <0.01 0.04 0.03

Cl8:l l.l4 l.l7 l.l8 l.l4 l.16 1.14 l.l5 l.16

CI8:2 1.35 1.42 1.46 1.40 1.26 1.43 1.37 1.33

Cl8:3 1.38 l.l7 1.33 1.67 l.l4 1.50 1.50 1.13

0.7 1.3

0.4 0.5

0.2 0.1

0.2 0.2

85.9 86.6

|.7 10.2

0.9 0.9

0.0 0.2

0.8 0.8

0.5 0.4

0.1 0.t

0.1 0.2

87.8 86.1

9.8 I1.4

0.9 r.0

0.0 0.0

0.9 0.7

0.5 0.4

0.1 0.1

0.2 0.2

81.4 87.9

9.9 9.7

0.9 0.8

0.r 0.2

0,4 0.5

0.4 0.5

0.1 0.t

0.03 0.1

90.2 89.3

8.0 8.7

0.8 0.8

0.1 0.0

0.0s 0.04

0.01 0.03

l.l7 t. t 9

1.25 1.23

1.6't 1.00

2

D
0.60.43I.lt.01.50.9 0.9

0.0?

0.06

1.15

1.29

1.33

0.07 0.13 0.08

0.06 0.06 0.03

l.t4 l.l4 t. t4

1.33 l.3 t t.32

I .29 I .29 I .29

0.08 0.09

0.06 0.06

l. t3 Ll3
I .41 t.36

t.43 1.29

Notes
Note I Ranges and means have not been calculated.

Note 2 A and B refer to satisfactory replications ofsamples
Note 3 In view of the importance attached to the C18:0 peak (see text) values of less than 0.lolo have been measurod k) the nearest 0.0170. Where resolution was not achieved
the tem NS is used in the table, Where tlis has occuned, values below 0.1% would be expected. The value for (C 16:0 + Cl8:0) does not bclude a Cl8:0 contribution in these
cases.

Note 4 Ev=oils labelled as extra virgin O=oils labelled as pure



TABLE I (contd.)
Two-Position Fatty Acid Prolile of Olive Oils (See Note 1)

("/"mlm)
Oiltype:

(Note 4)

EV EV EV O O EV EV EV EV EV O EV EV EV EV EV O O EV EV EV

Sample no.: C3a* C3b' C4 C5a* C5b, Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 Alt Al2 At3 A14 Al5 Dl

ca

Fatty acids (Note 3)

C16:0

C16:l

Cl1.l
C18:0

Cl8:l
Cl8t2

Cl8:3

others

Total

(Cl6:0 t Cl8:0)

Enrichment factor

Ct6:0

C18:0

Cl8: I

Cl8:2

C18:3

0.6 0.5 0.4

0.5 0.5 0.4

0.1 0.1 0.1

0.05 0.03 Ns

89.1 89.3 89.3

8.6 8.7 8.8

0.9 0.9 0.9

0.15 0.0 0.1

0.65 0.53 0.4

0.05 0.04 0.04

0.02 0.01 0.04

1.18 t.l8 1.17

I .23 I .24 I .33

1.29 1.29 1.5

0.8 0.5 0.'7

0.5 0.6 0.7

0.I 0.1 0.1

0.2 0.05 0.05

83.3 83.2 85.8

14.0 14.4 11.9

1.0 1.0 0.8

0.1 0.2 0.0

1.0 0.65 0.75

0.07 0.04 0.06

0.08 0.02 0.02

l.l5 l.l5 1.15

1.31 1.35 1.38

1.25 t.25 t.33

0.'7 0.6

0.5 0.7

0.1 0.2

0.06 0.03

89.2 86.5

8.5 I t.t

0.9 0.9

0.04 0.0

0.07 0.05

0.03 0.01

1.1 1 1.17

1.39 1.32

r.5 1.29

0.5 0.5

0.7 0.5

0.1 0.1

0.04 NS

87.5 88.2

10.3 9.7

0.8 0.9

0.06 0.1

0.05 0.05

0.01 0.03

t.t1 t.t4
1.37 1.39

1.33 . t.29

0.8 0.5

0.4 0.5

0.1 0.1

0.2 0.03

90.6 87.8

7.0 10.2

0.'t 0.7

0.2 0.17

0.09 0.05

0.06 0.01

1.14 l.l6
1.40 1.36

t.t7 1.17

0.5 0.6 0.6

0.7 0.7 0.4

0.1 0.1 0.1

0.05 0.04 NS

87.s 85.1 88.0

10.4 t2.6 9.9

0.7 0.8 0.9

0.05 0.06 0.1

0.5 0.6

0.5 0.6

0.t 0.1

NS 0.06

8'7.9 83.9

10.1 13.9

0.8 0.8

0.1 0.04

0.05 0.0s

0.03 0.02

r.t6 l.19

1.33 t.28

l.l4 Lt4

0.04 0.05 0.06

0.0r 0.01 0.04

l.l8 1.18 t.l4
1.37 l.3l 1.38

t.l7 1.33 t. t4

0.9 0.5 0.5 2.1

0.'t 0.4 0.5 0.5

0.2 0.1 0.1 0.1

0.r 0.02 Ns 0.6

86.2 89.1 90.6 85.3

10.9 9.1 ',7.4 l0.l

0.9 0.8 0.8 0.8

0 00.0 0.1 0.5

0.08 0.05

0.04 <0.01

t.t7 t.t6
1.3 r.32

1.29 t.t4

0.76 0.63 0.54 0.5 1.0 0.53 0.55 0.64 0.6 0.5 0.66 1.0 0.52 0.50 2.',l

0.05 0.18

0.03 0.2

1.14 l l6
1.42 |.2

1.33 1.33

a

Notes
Note I Ranges and means have not been calculated.
Not€ 2 A and B refer to satisfactory replications ofsamples
Note 3 In view oflhe imporlance attached to lhe Cl8:0 peak (see text) values of less than 0.17o have been measured to the nearest 0.0170. Where r€solution was IIot achievoq
the term NS is used in the table. Wher€ this has oc.urred, values below 0.1% would be expected. The value for (Ct6:0 + Cl8:0) does rct include a Cl8:0 contxibution in Ses€
cases.

Note 4 Ev=oils labelled as exra virgin O=oils labelled as pure



TABLE 2
Concentntions of individual desmethyl sterols

(7o oftotal fraction)

Sample

Analyst

Replicate

A-l A-l A-t A-2 A-2 A-2 A-2 A-2 A-3 A-3 A-3 A-4 A-4 A-5 A-5 A-5

LHI LH2 LHz LH2 LH2 LH2 NOR NOR LHI LII2 LH2 LH2 L*12 LHI LI,, LHz

ABCBCDE FABCBCABC

Cholesterol

Brassicasterol

2,4-methylene cholesterol

Campesterol

Campestanol

Stigmasterol

Delta-7{ampesterol

Delta - 5,23 -Stignastadienol

Chlerosterol

Beta-Sitosterol

Sitostanol

Delta-5-Avenasterol

Delta-5,24-Stigmastadienol

Delta-7-Stigmastenol

Delta-7-Avenasterol

Apparent Beta-Sitosterol

0.9 0.6 0.3 0.4 0.7

0.5 0.6 0.4 0.4 0.5

91.9 92.t 92.4 91.4 90.7

0.4 0.2 0.3 0.4 0.5 0.6 0.7 NR

0.1 0.4 O.I ND ND ND ND ND

0.2 0.2 O.I NR NR NR NR NR

3.4 3.3 3.4 2.8 3.0 3.2 4.t 4.1

0.5 1.1 1.3 ND ND ND 0.4 0.2

l.l 0.7 0.8 0.8 0.8 0.9 0.7 0.1

ND ND O.I ND ND ND ND ND

O.I O.I O.I ND ND ND

I r.r o.e

0.8 0.8 0.8 0.6 0.8 0.7 )
79.8 78.t 79.1 7',7.0 77.8 78.5 77.2 78.5 80.0 78.2 7r{ I r3:t.0 82.4 81.7 79.7 79.8

NR 0.6 NR 1.2 0.6 NR NR NR 0.5 NIt 0 () Nli 0.8 NR 0.7 NR

12.1 12.3 12.5 15.5 15.1 t3.1 14.3 13.9 ll.6 .8 l.r o 7.5 7.3 9.3 9.9 9.2

0.5 0.8 0.8 0.4 0.6 1.3 0.7 0.6 0.6 1.4 0 t r.4 0.6 0.4 0.3 0.1

0.5 0.2 0.3 0.2 0.4 0.4 0.5 0.1

0.1 ND ND 0.3 ND 0.2 0.4 0.7

NR O.I O.I NR 0.1 O.I NR NR

3.7 3.6 3.9 4.t 3.8 4.4 4.4 4.2

0.6 1.7 1.6 t.t t.5 0.s t.4 1.5

0.8 0.8 0.9 t.0 t.0 t.2 1.2 l.l
ND ND ND NI) ND O.I ND ND

0.1 0.1 0.1 0.t 0.t 0.2 ND 0.1

0.7 0.6 0.s 0.9 0.8 0.8 0.7 0.8

ts
?o

a

0.6 0.2 0.2 1.0 0.5 1.1 0.3 0.4 0.2 0,{t 0.s

0.4 0.6 0.4 0.3 0.3 ND 0.4 0.6 0.6 0.1 .0.7

93.4 92.7 93.4 94.1 95.0 94.2 93.1 93.9 93.6 92.0 e2.0



r
TABLE 2 (contd.)

Concentrations of individual desmethyl sterols
(7o oftotal fraction)

Sample

Analyst

A-6 A-6 A-6 4-6 A-7 A-7 A-1 A-8 A-8 A-8 A-9 A-9 A-9 A-!0 A-10 A-10

LHI LH] LH3 LH2 LHl LH2 LH2 LHI LH3 LH3 LHI LH3 LH3 LHI LH3 LH3

RCDABCABCABCABC

Cholesterol

Brassicasterol

2,4-methylene cholesterol

Carnpesterol

Campestanol

Stigmasterol

Delta-7-Campestero I

Delta - 5,23-Stigmastadienol

Chlerosterol

Beta-Sitosterol

Sitostanol

Delta-5-Avenasterol

Delta-5,24-Stigmastadienol

Delta-?-Stigmastenol

Delta-7-Avenasterol

0.3 0.2 0.2 0.5

0.3 ND 0.1 0.1

0.1 NR NR 0.1

3.7 4.2 4.2 3.9

ND 1.1 1.1 0.5

1.0 1.0 1.0 l.l
0.2 ND ND ND

ND ND O.I O.I

0.2 0.1 1.4 0.2 0.2 0.5

0.1 0.1 0.4 ND ND 0.1

0.t 0.1 0.1 0.1 0.1 0.r

3.6 3.6 4.6 3.0 3.0 3.6

0.3 0.4 0.4 0.3 0.4 0.6

0.9 1.0 0.8 0.8 0.8 1.6

0.1 0.4 ND 0.1 0.2 ND

ND ND 0.2 ND ND O,I

0.8

0.6

NR

6.2

0.4

1.0

ND

0.3

0.1 0.1 0.4

0.t 0.1 0.5

0.t o.2 0.1

4.0 4.0 4.5

0.4 0.3 1.3

l.l 1.0 l.l
0.3 0.1 0.1

O.I ND ND

0.1 0.1

O.I ND

0.1 0.1

2.9 2.9

0.4 0.4

0.9 1.0

O.I ND

0.1 0.t

0.8 0.8 0.9 0.7 0.5 0.7 0.9 0.9 0.8 0.8 NR 0.9 0.8 0.8 0.8 0.1

82.4 86.4 86.6 82.4 86.0 83.9 82.8 84.0 85.5 85.4 76.2 78.4 78.4 79.4 83.1 83.6

0.3 0.2 0.r 0.4 NR NR 0.5 0.4 0.2 0.1 NR 0.1 0.1 0.9 0.3 0.3

6.6 5.8 5.9 6.6 7.2 7.7 7.9 6.9 6.8 6.8 14.5 14.7 14.7 10.8 10.0 9.4

0.3 0.2 0.6 1.3 0.2 0.6 0.7 0.3 0.5 0.4 0.5 0.6 0.6 0.5 0.4 0.1

ND 0.2 ND 0.3 0.3 0.2 0.1 0.9 0.4 0.3 0.8 0.3 0.2 0.5 0.3 0.3

0.3 0.2 0.1 0.3 0.2 0.4 0.4 0.3 0.5 0.4 0.2 0.5 0.5 0.5 0.4 0.4

90.8 93.5 94.1 9t.4 94.1 92.9 92.9 92.6 93.9 93.7 91.3 94.8 94.7 92.6 94.4 94.8

>

s,

t
6

Beta-Sitosterol



TABLE 2 (contd.)
Concentrations of individual d€smethyl sterols

(% oftotat fraction)

Sample

Analyst

Replicate

A-ll A-ll A-ll A-12 A-12 A-12 A-13 A-13 A-13 A-13 A-14 A-t4 A-14 A-15 A-15

LHz LH2 NOR LHI LH3 LH3 LHI LH2 LH2 LI12 LHI LH3 LH3 LHz LH2

BCDABC ABCDABCBC

?
o

!

Cholesterol

Brassicastercl

?4-methylene cholesterol

Campesterol

Campestanol

Stigmasterol

Delta-7-Campesterol

Delta - 5,23-Stigmastadienol

Chlerosterol

Beta-Sitosterol

Sitostanol

Delta-5-Avenastercl

Delta-s,24-Stignastadienol

Delta-7-Stigrnasteool

Delta-7-Avenasterol

0.3 0.4 0.2

0.1 0.2 0.2

NR NR NR

4.2 4.2 4.4

t. t 0.8 0.2

1.0 1.0 1.0

ND ND ND

ND ND-
It {t9t1.0 0.8

82.8 82.8 84.0 80.2 85.6 85.3 80.2 79.0 80.3 li L4 lll.4 84.7 85.2

NR 0.5 NR 1.3 0.7 0.7 NR 1.6 1.5 l.s Nl{ 0.4 0.4

8.4 8.2 ',7.4 5.0 3.4 3.5 4.9 4.8 5.0 4.1 ll.3 7.5 7.3

0.5 0.6 0.8 2.0 1.6 1.8 1.8 1.8 1.9 1.5 0.8 0.8 0.6

o-2 0.2 0.4 0.9 0.5 0.5 1.5 0.6 0.4 tt.2 0.9 0.3 0.2

0.4 0.3 0.6 0.2 0.3 0.4 0.4 0.4 0.4 tt.2 0-2 0.5 0.4

92.7 92.9 93.1 90.9 93.1 93.1 89.3 89.4 91,0 el.l 93.7 94.4 94.4

0.3 0.4

0.1 0.2

0.3 0.2

3.8 7.4

0.1 0.4

2.6 1.3

o-2 0.2

1.2 0.8

0.3 1.3 0.5 0.4 0.4 0.3 0.2 0.2

0.2 0.3 0.3 0.2 0.2 ND ND ND

0.1 NR o.4 0.2 0.2 0.1 0.2 0.2

3.5 3.8 3.6 4.1 3.3 3.3 3.0 3.0

0.5 0.5 2.2 1.4 1.8 0.5 0.4 0.5

1.3 2.7 2.6 1.5 2.5 L0 l. I L I

ND 0.2 Nl) 0.4 NI) Nl) Nl) ND

0.8 1.3 0.9 1.0 0 () 0.4 0. I 0.I

ND 0.2

0.1 0.2

NR NR

4.4 4.4

0.7 1.6

1.0 1.2

ND O,I

0. r 0.1

0.9 1.0

84.3 82.5

0,4 NR

6.9 7.1

0.'1 0.8

0.2 0.4

0.3 0.4

93.2 91.4

1.2 1.0 l.l 1.1 1.3 1.3 1.3 0.li 0.8 0.8

Beta-Sitosterol



TABLE 2 (contd.)
Concentrations of itrdividual desmethyl sterols

(7o of total fraction)

Sample

Analyst

Replicate

c-l c-l ct c-2 c-2 c-3 c-3 c-3 c-4

LH2 LI12 LH2 NOR NOR LHI LW LH2 LHI

BCBDEABCA

c4 c-5 c-5 c-5

LII2 LHI LW LW
DABC

\o

Cholesterol

Brassicasterol

24-methylene cholesterol

Campesterol

Campestanol

Stigmasterol

Delta-?-Campesterol

Delta - 5,2 3-Stigmastadienol

Chlerosterol

Beta-Sitosterol

Sitostanol

Delta-5-Avenasterol

Delta-5,24-Stigmastadienol

Delta-7-Stigmastenol

Delta-7-Avenasterol

Apparent Beta-Sitosterol

0.3 0.4 0.3 0.2

O.I O.I ND ND

NR 0.1 O.I NR

3.7 3.5 3.6 4.1

1.8 1.4 1.4 0.2

0.6 0.5 0.7 0.8

ND ND ND ND

ND ND O.I -
I1 0s
I0.9 0.9 0.9

0.3 0.5 0.3 0.3 0.1

NR 0.1 0.1 ND 0.5

NR NR 0.1 0.1 0.2

4.1 4.2 3.4 1.4 4.6

0.2 0.5 1.2 1.4 0.3

t.7 0.9 0.9 0.9 0.7

ND ND ND ND ND

ND O.I ND ND

1.3

0.5 0.9 0.9 0.t

0.6 0.5 0.3 0.5

0.6 ND ND 0.3

NR NR NR NR

3.9 5.3 5.3 s.2

2.0 0.4 1.7 l.s

0.8 1.7 1.8 1.8

ND ND ND ND

ND 0.3 0.1 0.2

0.9 0.5 0.6 0.9

71.7 19.0 78.0 7a.1

0.8 t.4 1.6 t.2

t7.3 10.0 9.1 8.8

0.9 0.6 0.4 0.s

0.2

0.3

91.6

70.0 70.0 74.8 74.4 76.1 71.1 't6.2 73.8 72.1

ND 0.5 NR NR NR O.I NR NR NR

21.4 21.0 16.8 16.8 ts.2 14.8 14.7 16.0 17.5

0.6 0.9 0.8 0.9 0.s 0.5 1.0 t.7 2.0

0.2 0.4 0.2 0.7 0.2 0.3 0.6 0.9 1.6

0.4 0.3 0.3 1.0 0.4 0.5 0.5 0.6 0.3

92.9 93.3 93.4 93.0 93.1 93.0 92.9 92.4 91.7

0.2

0.2

91.6

0.6

0.5

89.8

0.5

0.5

89.6

!r
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TABLE 2 (contd.)
Conccntrations of individual desmethyl sterols

(7o of total fraction)

Sample

Analyst

Replicate

D-l D-l D-l

LHI LH2 LH2

Blend-l Blend-l Blend-l Blend-l

LHI LH2 NOR NOR

Blend-2 Blend-2 Blend-2 Blend-2

LHI LH2 LH2 LH2

0.7

0.5

NR

4.4

l.o '-z.r.5 h-=lll n)

0.8 s
a

0.2

0.3

NR

4.8

1.0

t.5

ND

ND

NR

0.2

NR

5.0

0.2

2.O

NI)

NR

0.1

NR

4.5

0.t

1.4

ND

|,,
I

0.4

0.4

0.3

4.2

1.5

1.6

ND

0.9

1.2

84.0

NR

3.0

2.0

Cholesterol

Brassicasterol

24-methylene cholesterol

Campesterol

Campestanol

Stigmasterol

Delta-7-Campesterol

Delta - 5,23-Stigmastadienol

Chl€rosterol

Beta-Sitosterol

Sitostanol

Delta-5-Avenasterol

Delta-5,24-Stigmastadi€nol

Delta-7-Stigmastenol

Delta-7-Avenasterol

Apparent Beta-Sitosterol

0.4 0.4

0.1 0.2

0.1 NR

3.6 3.9

1.4 1.5

1.0 1.0

O.I ND

O.I ND

0.5 l.t 0.8

76.6 74.1 't5.0

0.7 NR 0.1

15.0 16.3 15.9

0.3 0.8 0.4

ND 0.5 0.4

0.2 0.4 0.2

93.1 92.7 92.8

0.7 0.4

0.6 0.1

92.4 9 t.8

l.l 1.5

86.0 83.1

NR 0.7

3.3 3.3

I.5 NR

0.2 0.7

0.1 0.2

91.8 89.3

0.4

0.1

NR

4.8

0.1

0.'1

ND

ND

0.5

0.2

NR

4.1

0.5

1.0

0.2

0.5

0.5

86.0

NR

2.6

t.l

2.7

0.1

90.7

85.3

NR

2.2

2.6

2.6

85. I

NR

2.6

1.2

0.3

0.1

4.9

0.6

1.5

0.t

t.t

t.t
81.8

0.6

3.4

1.3

0.8

0.2

91.2

0.4

0.4

NR

4.8

1.3

t.5

0.1

0.2

1.0

85.6

NR

2.8

1.4

0.3

0.2

9l.l

0.3

0.2

9t.t



TABLE 2 (contd.)
Concentrations of individual desmethyl sterols

(%o oftotal fraction)

Sample

Analyst

Replicate

Blend-3 Blend-3 Blend-4 Blend4 Blend-s Blend-s

LH2 LH2 LH2 LH2 LH2 LH2

BCBCBC

E-l E-l E-l E-l E-2 E-2 E-2 E-2

LHI LH2 LHz LHz LHl LH2 LII2 LH2

ABCDABCD

Cholesterol

B€ssicasterol

24-methylene cholesterol

Campesterol

Campestanol

Stigmasterol

Delta-7-Campesterol

Delta - 5,23-Stigmastadienol

Chlerostero I

Beta-Sitosterol

Sitostanol

Delta-5-Avenasterol

Delta-5,24-Stigmastadienol

Delta-7-Stigmastenol

Delta-7-Avenasterol

Apparent Beta-Sitosterol

0.4

0.5

NR

6.5

1.1

2.3

ND

0.3

l.t
83.1

NR

3.0

1.0

0.4

0.3

88.5

0.9

ND

NR

6.3

I.1

2.t

0.3

0.9

1.1

79.3

NR

3.1

3.8

0.8

0.3

88.2

0.4

0.4

NR

1.2

1.6

ND

0.1

t.0

84,1

NR

3.3

1.5

0.4

0.2

90.6

0.4

0.8

NR

5.0

1.3

1.6

0.2

l.t

l.l
82.2

NR

3.4

2.2

0.5

0.2

90.1

0.5

ND

NR

4.1

1.4

1.4

ND

0.7

t.t
84.8

0.9

2.9

2.0

ND

0.2

92.4

0.5

0.2

0.2

3.6

t.8

1.6

ND

0.8

1.0

85.0

0.9

2.8

1.4

0.2

ND

91.9

0.7 0.4

0.1 0.2

O.I NR

4.0 4.2

0.1 1.7

l.l 2.3

ND ND

O.I ND

0.3 0.3 0.4 0.2 0.2 0.3

O.I ND ND 0,3 0.5 ND

O.I NR NR NR NR NR

3.8 3.6 3.3 2.9 3.0 3.1

1.8 1.0 0.5 1.0 1.4 t.1

0.9 0.9 0.8 0.7 0.7 0.7

O.I ND ND ND ND ND

O.I ND O.I ND O.I ND

0;t 0.7 0.9 0-9 0.7 ND 0.8 0.7

82.2 ',16.2 82.t 84.1 88.0 88.2 85.7 86.4

0.3 r.4 NR NR 0.4 0.4 0.5 0.7

8.1 1.3 8.2 8.1 4.1 3.9 4.0 4.t

0.4 0.7 0.6 0.6 0.5 1.2 1.1 0.7

0.8 0.4 0.4 0.2 0.4 1.0 0.8 0.8

0.7 0.5 0.6 0.3 0.8 0.2 0.6 0.8

91.8 86.2 92.0 93.7 93.8 93.6 92.7 92.6



TABLE 2 (contd.)
Concentrations of individual desmethyl sterols

(%o oftotal fraction)

Sample

Analyst

Replicate

E-3 E-3 E-3 E-4 E4 E-4 E4

LHI LH2 LTI2 LH2 LH2 NOR NOR

ABCBCDE

B-l B-l B-2 B-2 B-2

LH2 LH2 LHI LH2 LH2

BCABC

z
\c

Cholesterol

Brassicasterol

24-methylene cholesterol

Campesterol

Campestanol

Stigmasterol

Delta-7-Campesterol

Delta - 5,23-Stigmastadienol

Chlerosterol

Beta-Sitostero I

Sitostanol

Delta-5-Avenasterol

Delta-5,24-Stigmastadienol

Delta-7-Stigmastenol

Delta-?-Avenasterol

Apparent Beta-Sitosterol

0.3 0.4 0.3 0.r 0.3 ND ND

0.6 0.2 ND 0.6 0.8 ND ND

NR NR NR NR NR NR NR

3.1 2.8 2.8 3.t 3.3 3.5 3.7

NR 1.1 Ll l.l 1.4 0.1 0.2

0.4 t.l 1.0 0.9 t.0 0.9 0.9

ND ND ND ND ND ND ND

ND ND ND 14 14.
IJ 3.r l.r
t06 06 01 t.{ l.:}

85.0 86.2 85.4 85.5 84.3 86.8 86.9

0,7 0.5 0,8 NR NR NR NR

8.2 6.1 6.4 2.6 2.7 2.s 2.s

0.2 0.4 , 3.I 3.2 2.4 2.2
Il tt
t

0.5 0.6

O.I ND

ND O.I

3.2 3.4

0.9 L2

1.3 L4

ND NI)

0.t 0.t

0.8 0.9

83,8 1t3.4

o,lt Ntt

7.5 7.2

0.5 0.5

0.5 0.6

Ni) 0.6

93.5 92.1

0.6 0.4 0.3

0.t 0.1 ND

0.2 0.1 NR

4.r 3.3 3.7

0.4 0.9 t.7

t.0 1.0 0.8

ND 0.t 1.2

ND ND ND

1.0 0.8 0.8

84. t E5.0 83.6

0.8 0.6 0.8

6.2 6.0 5.9

0.3 0.4 0.4

0.8 0.9 0.4

0.4 0.4 0.4

92.4 92.8 9r.5

0.8 0.3 ND ND 0,4 0.3

0.1 0.3 0.4 0.2 0.3 0.3 0.4

94.9 93.8 93.3 94.0 92.9 94.8 94.6



TABLE 2 (contd.)
Concentrations of individual desmethyl sterols

(Yo oftotal fraction)

Sample

Analyst

Replicate

B-3 B-3 B-3 B-3 B-3 B-4 B-4 B-4 B-4 B{ B4 B-5 B-5 B-5 B-5 B-5

LHI LH2 LH3 LH3 LH2 LHI LH3 LH3 NOR NOR LI]2 LHI UD LH2 NOR NOR

EABCDEHABCDE

-t

Cholesterol

Bmssicasterol

24-methylene cholesterol

Campesterol

Campestanol

Stigmasterol

Delta-7-Campesterol

Delta - 5,23-Stigmastadienol

Chlerosterol

Beta-Sitosterol

Sitostanol

Deha-5 -Avenasterol

Delta-5,24-Stigmastadienol

Delta-7-Stigmastenol

Delta-7-Avenasterol

Apparent Beta-Sitosterol

0.6 0.5 0.t 0.t 0.4 0.3 0.2 0.t 0.6 0.9

0.2 ND ND ND ND O.I ND ND ND ND

0.1 ND 0.1 0.t NR 0.r 0.2 0.2 NR NR

3.5 3.4 3.0 3.0 3.2 3.9 3.3 3.2 4.2 4.3

0.5 1.0 0.3 0.3 0.8 0.5 0,3 0.3 NR 0.1

0.8 0.7 0.6 0.6 0.6 0.6 0.5 0,5 0.'1 0.7

ND ND ND >O.I ND ND O.I ND ND ND

O,I O,I ND ND ND O,I ND ND.
I 

' ' oB
I0.8 0.8 0.9 0.9 0.8 0.8 0.9 0.9 -

0.3 0.2 0.3 0.3 NR NR

0.3 ND ND ND ND ND

0.2 NR NR O.I NR NR

4.4 3.9 3.5 4.t 4.3 4.4

1.0 0.4 2.3 2.0 0.3 0.3

0.6 1.3 1.5 1.6 1.8 1.4

0.3 0.4 ND ND ND ND

ND 0.5 0.6 0.7 II r.8 2.1
I0.5 0.6 1.0 1.o '

82.2 82.0 83.6 83.6 81.8 83.7 85.0 85.5 84.8 83.4 8r.4 85.6 82.6 83.1 86.0 84.5

NR 0.6 0.2 0.1 1.0 0.4 0.1 0.1 NR NR 0.9 1.0 l.s l.l NR NR

9.8 9.3 9.6 9.6 9.9 E.4 8.2 8.2 1.3 7.8 8.5 4.3 4.3 4.1 3.4 3.3

0.5 0.6 0.6 0.6 0.5 0.3 0.4 0.4 0.2 0.7 0.6 t.3 t.6 1.5 1.3 1.6

0.3 0.4 0.3 0.3 0.4 0.4 0.3 0.2 0.4 0.5 0.8 0.4 0.3 0.2 0.5 1.9

0.6 0.6 0.7 0.7 0.6 0.4 0.5 0.4 0.7 0.8 0.2 0.1 0.5 0.2 0.6 0.5

93.4 93.4 94.9 94-8 94.0 93-7 94.6 95.t 93.4 92.7 91.9 93.3 91.6 91.5 92.5 91.5

t

e,



TABLE 3
Aliphatic Alcohol content of Extra Virgin Olive Oil (mg/trg)

Sample

Analyst
A-l A- I A-2
LH2 LH2 I,Hl

A-2 A-2 A-2 A-2 A-2 A-3 A-3 A-4
LI.I2 LH2 LH2 NOR NOR LH2 LH2 LH I

A-4 A-4 A-5 A-5 A-5
LHz LH2 LHI LH2 LTI2

BCABC

35 3'7 32 35

ND6Il
63 58 53 6l
5544

73 59 58 68
NDNR24
20'779
t96 t'72 ts',t 182

r. 16 1.02 1.09 1.

32
2

55

4
'

3

IO

t77
l,29

35 35 29 28 39

44t24
't2 10 4a 48 58

6645NR
8t 79 60 58 5i
3333ND

27 26 20 12 ND
228 223 164 156 158

l.l3 1.13 1.25 t.2t 0.98

42 34 43 44 34 42

NDNDTSNR16
79 53 78 91 65 88

64720628
95 48 77 106 82 98

5ND5434
11 12 6302027

238 l5t 223 303 2t0 303

1.20 0.90 0.99 l.16 t.26 l.ll

Carbol
Number
c22
c23
c24
c25

c27
c28
Total
c26lc24

2
o

a

0a

Sample

Analyst
Replicate

A-',l A-7 ,a.-8 A-8 A-9 A-9 A-10 A-10 A-lt A-tl A-ll A-l I A-l I A-!4 A-14 A-15 A-15

LH2 LH2 LH3 LH3 LH3 LH3 LH3 LH3 LIf2 LID NOR NOR NOR LH2 LH2 LH2 LII2

Carbon
Number
c22
c23
c24
c25
c26
c2'1
c2a
Total
c26/C24

CBCBCDIi

4t 34 32 32 ll9 44 2'l 27 35 35 36 12 33 22 23 53 49

I 1 3 3 4 4 ND 3 ND ND 3 3 3 2 2 ND ND

76 55 53 54 79 18 44 43 60 60 66 69 s8 36 38 80 73

544446ND5455444454
57 40 53 56 74 7l 50 51 47 48 61 57 49 43 46 49 4l
323233ND3343333323

23 t4 15 19 23 2s 20 20 15 15 13 lll t6 l7 18 20 15

206 r50 163 110 306 23t l4l 152 164 167 187 186 166 121 134 209 185

0.75 0.73 1.00 1.04 0.94 0.91 l.l4 l.l9 0.78 0.80 0.92 0.83 0.85 l.l9 l.2l 0.61 0.56

+ Interlering peak observed which was not fully resolved from intemal standard
* Outlier rcsult

I

tl B C BC



f
TABLE 3 (contd.)

Aliphatic Alcohol content of Extra Virgin Olive Oil (mg/t<g)

Sample

Analyst
Rcplicatc

B-l B-l B-2
LH2 LH2 LHI

B-2 B-2 B-3
LH2 LH2 LHI

B-3 B-4 B-4
LHz LHI LH3

B-4 R-4 B-4 R-4

LII3 NOR NOR LH2
B-3
LH3

C D
Carbon
Number
c22

c24
c25
c26
c2'7
c28
Total
c26tc24

33 30

ND2
42 4',7

34
58 61

IND
t46

l5l 150

I.38 l.l0

46 2s
NR2
60 34

NR3
'72 39

NR ND
48

182 llt
1.20 LI5

30 31

24
47 57

45
6t 47

ND1
619

r50 170

1.30 0.82

30 33

36
54 60

45
45 52

23
17 8

I55 16',7

0.83 0.87

39 25

32
47 44
83

30 27
NR2
15 11

t42 lt5
0.64 0.61

25 23

44 43
23

28 3r
24
13 13

116 I 13

0.64 0.72

27 26
23

53 48
43

38 34
54
t7 t0

146 128

0.72 0.71

Sample

Analyst
Replicate

84 B-4 B-4 C-l C-r C-2 C-2 C:2 C-2 C-2 C-3 C-3 C4 C4
LH2 LII2 LH2 LH2 LH2 LI12 LH2 NOR NOR NOR LII2 LIj2 LH2 LW

D
Carbon
Numbcr
c.22

c2:l
c24
c25
c26
c27
c28
Total
c26tc24

26 28 24 46 48 4t 49
5ND3NDlND5

48 39 48 86 103 86 97
24NR6851

3s 2s 34 76 10s 77 88

4NRt24444
12 810 19 30 t9 19

r32 104 l3t 273 299 232 269
0.73 0.64 0.1t 0.88 t.02 0.90 0.91

43 42

54
103 93

88
t2t 103

44
33 27

3t7 28t
1.17 l.l I

41 35 38

5NDND
94 73 86
'768

I l0 78 l0?
345

29 24 31

289 220 281

I .t7 1 .07 I .24

32 35

ND ND
10 73

107
80 87
55

27 21
224 234
t.t4 1.19

+ Interlering peak observed which was not fully resolved from intemal standard
* Outlier result



TABLE 3 (contd.)

Aliphatic Alcohol content of Extra Virgin Otive Oil (mg/kg)

Sample

Analyst

D-l D-l D-l E-l E-l E-t E-2 E2 E-2 E-3 E-3 E-3

LH2 LI]2LHl LH2 LH2 LH2 LI12 LH2 LH2 LH2 LH2 LHI

Carbon
Number

c23
c24
c25
c26
c21
c28
Total

58

NR
83

NR
87

2

34

264
1.05

63

I
96

7

90

4
33

294
0.94

52

ND
't2

6

15

5

28

238
1.04

31

2

42

44
2

l8
142

1.05

35

ND
46

4
50

4
22

I6l

46
2

5'7

6
48

3

t2
174

0.84

4',l

Nl)
54

4

48

l
l8

t74

t5
2

23

2

24

2

t7
85

l5
I

29
8

30

3

t0
96

1.03

t7
I

30

3

37

3

25

u6

33 4s
82
M54
44

44 44
23
19 1

154 159
2
or.00 0.81

+ Interfering peak observed which was not fully resolved fiom intemal standard
* Outlier result



TABLE 3 (contd-)
Aliphatic Alcohol content of Olive Oil (mg/kg)

Sample

Analyst
A-6
LH3

B

A-6
LH2

C

B-5
LH2

B

c-5
LH2

B

c-5
LH2

C

A-12 A-12 A-13 A-13 A-13 A-13
LH3 LH3 LH2 LID LI12 LH2

B-5 B-5 B-5 B-5 C-5
LH2 NOR NOR NOR LH2

Carbon
Number
c22
c23
c24
c25
c26
c27
c28
'I otal
c26lc24

40 42

42
62 65

45
47 50

32
l5 t7

175 183

0.76 0.77

14 76
77

141 t4'7
9 l0

l4t 149
67

54 59

432 455
1.00 l.0l

40 49
NR ND
85 98

l9
96 116

l8
57 58

280 338
l.l3 1.18

46

ND
78

7

90

6

47
274
l.l5

50

ND
1ll
l0

130

9

70

380
t.t7

60

5

100

8

106

7

46
332
1.06

62

6

108

9
I l9

3

5l
358
l.l0

53

6
100

7

109

4
47

326
1.09

54

6

l0s
9

r 19

5

52

350
l.l3

55

6

104

8

122

6
55

356
t.t7

48

NR
85

l3
93

2

43

284
r.09

40
ND

89

8

98

5

38

278
1. l0

42

ND
95

8

106

5

41
303
t.t2

Sample

Analyst
E-4 E-4 E-4 E-4 E-4 Blend-l Blend-l Blend-l Blend-2 Blend-2 Blend-3 Bl€nd-3 Blend-3 Blcnd-4 Blend-4 Blend-4 Blend-5 Blend-5
LHI LH2 LH2 NOR NOR LH2 NOR NOR LHI T,H2 LH2 LHz LH2 LHl LH2 LH2 LH2 LII2
ABCDEB DA ABABB

Carbon
Number
c22
c23
c24
c25
c26
c27
c28
Total
c26/C24

57 4t 44 4t 39 5t 47
2tt44ND5

80 78 80 82 1a 85 82
2566s66

82 89 9t 99 93 85 89
5456764

399Il37293337
267 227 238 275 255 266 270

5l s6 46 37 40 50 63 68 64 7o 65
58NDNRND 2NRll22

6NR623 7107 55t2

89 88 70 64 68 86 58 I l0 93 99 l0l
675454NR8677

103 93 6t 70 1t 94 7o tto 88 84 gg

47 11 20 3t 26 42 40 46 34 28 36
307 263 208 208 213 285 241 350 29t 295 322
1.16 1.06 0.81 1.09 1.04 1.09 t.2l 1.00 0.95 0.85 0.981.03 l.l4 l.l4 t.2t 1.19 1.00 I

+ Interlering peak observed which was not fully resolved from intemal standard
Outlier result
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TABLE 4
Extra Virgin Olive Oil - Specific Extinction data

Code 232 Nn ca.270 nm(a\ I max ca. 270 nm AE
A
A-2
A-3

A-5

A-8
A-9

B-t
B-2
B-3
B-4
c-l
c-2
c-3

1.62 - 0.14 -
2.2t - 0.17 -

A-10
A-11
A-14

A- 15

c-4
D-l
11- l

E-3

1.75

2.52
2.28
2.37
2.63
2.04
2.42

2.18

1.71

2.51

1.12

2.40

261.O

26E.2

267.8

261.8

o.orz

0.0t5
0.008
0.005

0.006

0.004
0.009

0.006
0.008

0.010
0.003

0.002

0.010
0.005
0.006

0.lE
0.24
0.19
0.22
0.2'7

0.21

0.18
0.20
0.t5

0. r3
0. rE
o.22
0.21

0.25

0.20

1.93

2.12
2.07
2.32
3.06
3.23
2.O7

2.22

2.20

0.r9
0.29
0.l7
0.t 3

0.17

(a) Where 1, max not given, but l" E has been calculated, value al 270 nm used, because no maximum obtained.

TABLE 5

Olive Oil - Specific Extinction data

EY:, x. max at r\,i!"^ at

232 nn ca. 270 nm(a) l, max ca. 270 nm

AE

Code

A-6

A-12

A-13

8.5

c-5

E4

Produce ofmore
than one country

I

2

3

4

5

1.87

3.87

2.89

3.47

2.50

3.54

2.31

2.35

2.44

2.58

zaln a

267.4

267.2

268.0

267.0

267.2

266.8

267.8

267.6

261.5

0.15

0.34

0.11

0.60

0.'t3

0.53

0.53

0.49

0.6t

0.49

0.4t

0.002

0.039

0.070

0.044

0.07E

0.043

0.054

0.038

0.073

0.043

0.012

102

15
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TABLE 6
Spccific Extinction data - after alumina treatment

Code Oil Tne t1,i! atztO rn
D-l

A-9

A- l3

c-2

Exsa virgin

Extra virgin

Pure Olive oil

Exha virgin

0.09

0.09

0.35

0.09

TABLE 7
Extra Virgin Olive Oil - Oil Quality Tests

Code date (% as oleic) (mg KOH/g fat) (Meq/kg)
Best belore

Acidity calc.
as FFA

0.58
0.21

0.34
0.80
0.66
0.91

0.81

0.80
0.50
0.89
0.26
0.93

0.78
0.89
0.19
0.27

0.58
0.68
1.07

0.72
0.86
0.42
0.35

0.84

Acidity calc.
as acid value

l.r5
0.42
0.68
1.58

t.32
l.8l
1.61

1.59

0.99
1.76

0.51

1.85

1.56

1.76

1.57

0.54

1.15

t.34
2.13

1.41

|.70
0.82

0.68
1.61

Peroxide
Value

1t.4
14.0

l t.3
15.1

r6.t
t6.3
15.3

13.5

12.4

15.3

9.7
l0.l

t1.3
t4,7
t4.4
17.7

13.0

r6.0
t 5.0
19.0

20.0
12.7

12.8

I I.8

A-t

A-3
A-4
A-5
A.-7

A.E
A-9
A-10
A.I I
A-14
A-r 5

B-l
B'
B-3
B-4

c-l
c:2

c-4
D-l
E-t
E-2
E-3

April 1991

May 1992
December l99l
July l99I
July 1991

July l99l
October l99l
lan$ry 1992
July 1991

Sepicmber I 99 I

not declared
May 1991

August l99l
September 1991

not dcclared
June l99l

July 1992

not declared
April 1991

not declared
not declared
not declared
July 1991

July 1991
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TABLE 8
Olive Oil - Oil Quality Tests

Best before

date

Acidity calc. Acidity calc.

as FFA as acid value

(o/o as oleic) (mg KOH/g fat)

Peroxidc

Value

(Meq/kg)

13.4

6.6

5.7

6.4

8.8

12.9

0.81

0.21

0.27

0.54

0.52

0.21

A-6

A-12

A-13

B-5

c-5

E4

0.36

0.40

0.85

0.58

0.62

May 1991

December i 991

July 1991

not declared

not declared

December 1990

1.59

0.41

0.53

t.07

1.04

0.42

Produce ofmore than one country

July l99l

July l99l
June l99l

October l99l
April l99l

I

2

3

4

5

0.r8

0.20

0.42

0.29

0.3r

6.2

6.7

7.1

6.7

6.0
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TABLf, 9
Ovemll Fatty Acid Composition of Olive Oil

Oil typeGi

Sample no.

EV

c-lBI Range C.2 C-3 C4 C.5 D-I Rarge Mean

Fatty acids

C l2:0
C l4:0
C l6:0
C 16:l

C 1710

C l7:l
C l8:0
C l8:l
C l8t2
C lE:3
C 20:0

C 20:I
C22.0
C 24:0

Unknowns

Calc. I\^b)

Satumtes

Monoen€s

Polyenes
P/S ratio(d)
Tolal C l8's

trace-0.1

trace4.l
8.8-14.8 10.8

0.5-1.7 0.9

tmce -0.I
0.1-0.2 0.1

2.E-3.E 3.3

64.9-1A.5 14.1

4.8-14.0 8.7

0.6-0.8 0.7

0.4-0.5 0.4

0.2-0.4 0.3

0.1 0.1

0.3-0.5 0.4

facec) 0.1 lrace 0,I race
trace 0.1 0.1 0.1 trace

9.9 10.3 14.8 8.8 10.4

0.8 0.7 1.1 0.5 0.7

0.1 trace tmce 0.I 0.1

0.2 0.1 0.1 0.1 0.1

2.9 3.8 2.8 3.6 3.2

13.6 74.2 64.9 18.5 75.2

l0.l 4.8 14.0 6.2 8.0

0.8 0.6 0.6 0.6 0.1

0.4 0.4 0.4 0.4 0.5

0.3 0.2 0.2 0.3 0.4

0.t 0.1 0.t 0.1 0.t
0.5 0.5 0.3 0.4 0.3

0.1 0.1 0.0 0.2 0.3

0.1 0.1 0.1 0.2 0.1 0.1 0.1-0.2 0.1

0.t 0.1 0.t 0.1 0.t 0.1 0.1 0.1

10.5 .3 11.4 10.7 lt.2 ll.9 10.5-11.9 tt.2
0.6 0.8 0.8 0.7 0.7 0.8 0.6-0.8 0.7

0.1 0.1 0.1 0.1 0.t 0.1 0.1 0.1

0.1 0.r 0.1 0.1 0.1 0.1 0.1 0.r

2.8 3.2 2.9 2.8 2.s 3.0 2.8-3.2 2.9

77.4 75.0 15.4 76.6 72.6 73.6 12.6-71.4 75.1

6.4 7.1 1.0 6.6 10.7 8.4 6.4-10.7 7.7

0.6 0.8 0.7 0.6 0.8 0.6 0.6-0.8 0.7

0.4 0.5 0.5 0.4 0.4 0.5 0.4-0.5 0.45

0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

0.2 0.2 0.2 0.1 0.t 0.1 0.1-0.2 0.15

0.4 0.4 0.4 0.4 0.2 0.4 0.2-0.4 0.4

0.0 0.0 0.0 0.3 0.1 0.0

80.1 80.0 79.9 79.9 84.1 80.5 ?9.9-84.1 80.8

14.6 15.9 15.7 14.8 14.7 16.2 14.6-16.2 15.3

78.4 76.2 76.6 77.7 73.7 14.8 73.1-78.4 16.2

1.O 1.9 7.7 7.2 ll.5 9.0 7.0-11.5 8.4

0.48 0.5 0.49 0.49 0.78 0.56 0.48-0.78 0.55

81.2 E6.1 86.0 86.6 E6.6 8s.6 85.6-87.2 86.4

84.4 78-0 83.5 80.6 81.4 78.0-E4.4 81.6

13.9 15.3 18.5 13.6 14.6 13.6-1E.5 15.2

14.9 19.2 66.9 19.4 76.4 66.9-'.t9.4 15.4

I t.t 5.4 14.6 6.8 8.7 5.4-14.6 9.3

0.8 0.35 0.79 0 50 0.60 0.35-0.80 0.61

a7.6 87.4 82.3 88.9 87.1 82.3-88.9 E6.',1

Notes

a) t-ace = less than 0.059/0 n/m
b) todine Values calculated from fatty acid composition by AOCS Omcial method Tz Ic-85 (AOCS l99lb)
c) EV = Iabelled as extra virgb oil O = labelled as pure olive oil
d) P/S = cir, c,r - polyusatumtes (polyenesysatumtes

I

EV F,V EV F,V 0 EV



TABLE 9
Overall X'atty Acid Composition of Olive Oil

Blends of oil from more thrn one country.
Oil T)?e (")

Sarnple no. Range

EV EV

E-l E-2 E-3 Range Mean

:oz
e)

s

Fatty acids

C l2:0
C l4:0
C 16:0

C 16:l
C l7:0
C l7:1

C l8:0
C 18:1

C l8:2
C 18:3

C 20:0

C 20:l
c 22..0

C 2410

Calc. IVG)

Saturates

Monoenes

Polyenes

P/S mtio(d)

0.1 0.1 tmceo) 0.1 0.1 trace-0.l

0.1 0.1 0.1 0,1 0.1 0.1

l0.l 9.8 9.5 9.6 9.8 9.5-10.1

0.6 0.6 0.6 0.6 0.6 0.6

0.t 0.t 0.t 0.1 0.1 0.t

0.1 0.1 0.1 0.1 0.1 0.1

3.4 3.3 3.2 3.1 3.4 3.1-3.4

75.9 16.7 76.2 77.2 76.5 75.9-17.2

1.E 7.4 8.1 7.3 7.5 7.3-8.1

0.7 0.7 0.7 0.7 0.6 0.6-0.7

0.4 0.4 0.5 0.4 0.4 0.4-0.5

0.3 0.3 0.4 0.4 0.3 0.3-0.4

0.1 0.1 0.2 0.1 0.t 0.1-0.2

0.2 0.2 0.3 0.2 0.2 0.2-0.3

0.1 0.1 0.0 0.0 0.2

traceG) 0.1 0.1 0.1

tra.e O.2 0.1 0.1

10.2 10.6 10.5 9.5

0.7 0.6 0.7 0.6

0.1 0.1 0.1 0.1

o.2 0.2 0.2 02
2_6 2.5 33 1.4

16.8 12.6 -t3.7 ',75.4

7.4 10.6 9.r 8.8

0,6 0.6 0.8 0.7

0.4 0.4 0.4 0.4

0.3 0.3 0.1 0.1

0.t 0.t 0.t 0.t
0.6 0.6 0.5 0.3

0.0 0.5 0.t 0.0

81.5 83.4 ri2.3 82.9

14.0 14.6 r5.t 14.0

78.0 73.1 14.9 16.5

8.0 I1.2 9.9 9.5

0.57 0.77 0.66 0.68

87.4 86.3 86.9 88.3

0.1

0.1

9.8

0.6

0.1

0.1

3.3

76.5

7.6

0.1

0.4

0.3

0.1

0.2

trace-0.I 0.1

trac€-o.2 0.1

9.5-10.6 10.2

0.6-0.7 0.7

0.1 0.1

0.2 0.2

2.5-3.4 3.0

72.6-76.8 74.6

7.4-10.6 9.0

0.6-0.8 0.7

0.4 0.4

0.3 0.3

0.1 0.1

0.3-0.6 0.5

8r-5-83.4 82.5

14.0-15.1 14.4

73.7-78.0 75.E

8.0-11.2 9.7

0.s't4.71 0.67

86.3-88.3 87.2

81.5 8t.5 82.4 81.8 81.2 81.2-82.4 81.7

14.5 l4.l 13.9 t3.7 14.2 t3.7-14.5 14.1

76.9 17.7 17.3 78.3 11.5 76.9-7A3 77.5

8.5 8.1 8.8 8.0 8.1 8.0-8.8 8.3

0.59 0.57 0.63 0.58 0.s7 0.57-0.63 0.59

TotalC l8's 8?.8 88.1 88.2 88.3 88.0 87.3-88.3 88.1

Notes
a) trace = less lhan 0.0502 n/m
b) Iodine Values calculated fiom fatty acid composition by AOCS Official method Tz lc-85 (AOCS 1991b)

c) EV = labelled as extra virgin oil O = labelled as pure olive oil
d) P/S = cir cis - po\unsaturates (polyenesysaturates



TABLE 9
Overall tr'atty Acid Composition of Olive Oil

Oii lype EV EV Rdnge Mean

A-2 A"3 A-4 A-5 A-7 A-8 A-9 A-10 A-ll A-12 A-13 A-14 A-t5A,6
Fany acids

-l

C l2:0 trace(') trace 0.1 tmce tmce trace 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

C l4:0 0.1 trace 0.2 0.1 tmce 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.t
C 16:0 ll.4 10.6 ll.8 ll.l 9.8 9.0 10.2 ll.5 12.3 10.4 10.4 11.6 ll.6 10.5
C 16:1 0.9 0.7 0.8 1.0 0.6 0.6 0.8 0.9 1.0 0.5 0.8 0.8 1.0 0.6

C l7:0 trace 0.1 0.1 t.ace 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

C l7:l 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 O.2 0.1

C l8:0 2.6 2.9 2.6 3.5 3.0 3.4 3.4 3.6 2.9 2.6 3.3 3.6 2.8 2.7
C 18:f 74.3 71.5 73.8 14,8 77.4 19.7 75.9 74.2 72.1 76.9 75.A 70.3 73.7 77.0
C 18:2 8.6 6.1 8.4 7.5 1.O 5,0 1.5 7.6 9.6 7.2 7.6 10.9 8.4 6.9
C 18:3 0.6 0.6 0.7 0.6 0.7 0.6 0.6 0.6 0.6 0.7 0.1 0.1 0.1 0.1
C 20i0 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.4 0.4
C 20:l 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.3 O.2 0.4 0.3 0.3
C 22:0 O.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1

C 24:0 0.3 0.5 0.3 0.5 0.5 0.6 0.4 0.5 0.4 0.5 0.3 0.4 0.2 0.4
Unknowns 0.2 0-0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0

catc. IV(b) 81.5 79.8 80.9 80.2 8t.4 79.1 80.9 79.6 81.4 81.2 at.2 82.3 8l.l 80.9
Saturates 15.0 14.7 15.6 15.7 13.9 13.7 l4.A 16.4 16,4 14.3 14.8 16.8 15.5 14.4

Mono€nes 75.6 78.6 15.0 76.2 78.4 80.7 77.1 75.4 73.4 17.8 76.9 71.6 15.2 78
Polyenes 9.2 6.7 9.1 8.1 7.7 5.6 8.1 a.2 lO.2 7.9 8.3 11.6 9.1 7.6

P/S ratio(d) 0.61 0.46 0.58 0.52 0.55 0.41 0.55 0.50 0.62 0.55 0.56 0.69 0.59 0.53
Toral C l8's 86.1 87.1 85.5 86.4 88.1 88.7 87.4 86.0 85.2 87.4 A'7.4 85.5 85.6 87.3

0.1

O,I

9.3
0.6

0.r
3.4

79.2
5.2

0.6
0.4
0.3

0.t
0.5
0.1

79.6
13.9

80.2
5.8

0.42
88.4

trace-0.1

lmce-0.2
9.0"12.1

0.5-l.0
trace-l).1

0.1-0.2
2.6-3.6

'70 3-79.7
5.0-10.9
0.6-0.7
0.4-0.5
0.2-0.4
0.1-0.3

0.2-0.6

79.6-82.3
13.7-16.4
'71.0-80.7

5.6- .6

0.41-0.69

85.2-88.7

0.1

0.1

10.8

0.8

0.1

0.1

3.1

75.5

7.6

0.6
0.4

0.3

0.1

0.4

80.3
15.I
76.7

0.54

86.8

Notes

a) trace = less than 0.0570 nl/m
b) Iod;ne Values calculated liom fatty acid composition by AOCS Oflicial method Tz Ic-85 (AOCS 1991b)
c) Ev = labelled as extra virgin oil O = labelled as pure olive oil
d) PIS = c( cn - polFnsaturates (polyenes)/saturates

:r
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Abbrevidions Used in this Rqoft

BCR Community Bureau ofReference
BFMIRA British Food Manufacturing lndustries Research Association
BS British Standard
BSI British Standads lnstitute
EC European Community
EF Enrichment Factor
EU European Union
FAC Fatty Acid Composition
FAME Fatty Acid Methyl Ester
FFA Free Far)* Acid
GC Gas Chrcmatography
GLC Gas Liquid Chromatography
IOOC Intemational Olive Oil Council
IS htemal Standard
ISO Intemational Stardards Oryanisation
kg kilogram
KOH Potassium Hydroxide
MAFF Ministry of Agriculture, Fisheries and Food
mg milligram
nm nanometfe
PV Peroxide Value
RRT Relative Retention Time
RT Retention Time
SE Specific Extinction
TLC Thin Layer Chromatogaphy
USM Unsaponifiable Mafter
CP STLI9 -DB5 I

OV I ? All l rade names lor CLC saationary phases

sF32 l

SE52 ]

GLOSSARYOFTERMS

Fatty Acids: The tlpes and relative concentmtions of fatty acids in the triglycerides

of oils proloundly influence their chemical, physical and nutritional Foperties. The
fbtty acid composition @AC) is, therefore, the most important chemical

determination undertaken on oils. Fatty acids fall into three main categories.

Saturated fatty acids (saturates): The hydrocarbon chain of this group does not

contain any unsaturation (i.e. double carbon-carbon bonds). The satuated fatty acids

oI'major impoftance include buq.ric acid (C4:0), which is found in miLkfat; caproic,

caprylic and capric (C6:0, C8:0 and C10:0) which are found in milkfat, palm kemel

and coconut oils; lauric acid (C12:0) the major constiluent of palm kemel and

coconut oils; palmitic and stearic acids (Cl6:0 and C18:0) which are found in all
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vegetable oils and animal fats. Amchidic, behenic and lignoceric acids (C20:0, C22:0
utd, C24:0) are also observed in many oils and fats, generally in low concentations
(<1.U/o).

Monounsaturated fatty acids (monounsaturates or MUFA): The hydnrcarbon
chain of this goup of compounds contains one double carbon<arbon bond,
generally in the crs configuration. Although a large variety of such acids exisg the
monousaturated fatty acid ofmajor importance is oleic acid (C18:1). ft is present in
all oils and fas of commercial importance and, on occasions, in high concentations
(i.e.60-80%).

Polyunsaturated fatty acids (polyunsaturates or PUFA): These have two or morc
double bonds in the hy&ocarbon chain. In vegetable oils that have not been
hydrogenated, these bonds are configured in the crs, cr,sJ,4-methylene intemrpted
form and can be considered as essential fa$ acids @FA). The most important
polyunsaturated fatty acids in vegetable oils are briefly discussed below.

(a) Liraleic acid (Cl8:2 n-6c): This is the principle fatty acid in sunflower,
safflower, soyabean and com (maize) oils. However, it occurs in all oils and fats
of commercial importance and is considered to be the most significant EFA in the
diet.

(b) Alpha-(a)-Linolmic acid (Cl8:3 n-jc): Soyatrar, and rapes€ed oils contain
significant quantities of this acid 8-12%). Cramrna{y}linolenic
acid (GLA) (C18:3 n-6c) also exists but is much less commorl being found in
blackcunen! evening primrose and borage oils. GLA is ued to lrez;t *zEtt4
pre-menstual tension and multiple sclerosis.

Fatty Acid Composition @AC): Fatty acids constitute approximately 95-97%o of
most oils. Therefore, the FAC is a very important determination since it acs as a
guide to oil ptuity, and provides information on the oil's nutitional, physical and
chemical properties. To determine *re FAC of an oil, it is first saponified wittr
refltxing alkali (i.e. sodium hydroxide), followed by reaction with a methylating
agen! tlpically a boron tifluoride-methanol complex. This leads to the formation of
fatty acid methyl esters (FAME) which are identified and quantified by GLC.

Free Fatty Acids: The presence of free fatty acids @FA) in an oil indicates that
hydrolysis of previously esterified fatty acids has taken place. This can occur as a
result of tipolytic action (i.e. hydrolyic en4,rne), the action ofwater and/or oxidation.
Elevated concentaiions ofFFA will cause taints and generally reduce the ability of
the oil to fi.rnction in the required manner.

Iodine Value: The iodine value Q\) is a measure ofihe degree ofunsaturation ofan
oil and is a rsefi.ll purity criteria- The greater an oil's IV the greater its degree of
unsafi.ration. For example, coconut oil has an IV in the range 7 to 13 and, ofall the
m{or oils, contairs the lowest quantity of unsaturated fatty acids. In contrast,
sunflowerseed oils are highly ursaturated and have [Vs in the range I 1 7- I 40.
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Peroxide Value: Unsaturated fatty acids are prone to reaction with oxygen.
Oxidation of an oil takes place via the fomation of hydroperoxides which rapidly
decompose to produce secondary oxidation products such as ursatrated aldehydes,
ketones and alcohols. The pesence ofthese compou.rds gives rise to the unpleasant

odour and flavour associated with rancid oils. The reaction between fatqu acids and

oxygen is catalysed by irrcn, copper, heat and light. The peroxide value ofa fat is an

indication ofits content ofhydroperoxides and, thereflore, its oxidative state.

Repeatatrility: A measure of intaJaboratory variation.

Reproducibility: A measure of inter-laboratory variation.

Sterols: The sterols of major interest in vegetable oils are the desmethylsterols,

although both mono- and dime*ryI sterols are also present but generally at

compamtively low concent?tions. Sterols occur in the r-nsaponifiable fiaction ofoils.
The most well known sterol is cholesterol (a zoosterol) which is found in significant
concentralions in animal fats, fish oils and egg yolks. It is found at low levels in
vegetable oils. Plant sterols (phltosterols) include stigmasterol, blassicasterol,

carnpesterol, etc. The sterol composition can act as a useful guide to an oil's pudty.

Specific Extinction in the flltraviolet: Oxidation of an unsatuated oil leads to the

formation of conjugated dienes which have a characteristic ultraviolet absorption
spectm. However, different absorption specta associated with conjugated dienes and

trienes arc generated during oil bleaching and deodorisation. Consequently, the use of
specific extinction can indicate whether the oil under investigation has oxidised or
whether it contairs bleached and/or deodorised oils.

Tocopherols: Tocopherols are nahrrally occr-ming antioxidants and are fourd in
most vegetable oils and fats. There are four isomers (cr,p,y and &tocopherol) all of
which express Vitamin E activity, althouglr to differing exlents. Tocotrienols are

compounds of similar structure and are found in vegetable oils, particularly soyabean

oil (&tocotrienol) and palm oil (c, y and &tocotrienols).

Truns Fatf Acids: Unsaturated fatty acids (MUFA and Pt 'FA) in
non-hydrogenated vegetable oils will almost exclusively be present in the crs form. In

PUFA this will be in the cri crs-1,4-methylene intem.rpted configuration. However,

the raru configuation is more thermodlnamically stable than the crs. Therefore, oils

that have either been industrially chemically hydrogenated or those fats obtained

liom ruminants will contain MUFA and PUFA a portion of which will be present in
the lraru form. To illustate this firther, the shuctures ofthe crs and lrans isomers of
C 1 8 : I (oleic and elaidic acids respectively) are illustrated below:-
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Oleic acid (C18:1n-9c)

or 9-crs-octadecenoic acid

Elaidic acid (Cl8: I n-9t)

or 9 -tr ans -octad*enoic acid

HO2C(CHr7 (CHr?cH3

H (CHJCH.
\,/
C=C,/\

HO2C@H)1 H

HH

Triglycerides: Oils and fats are almost lotdly (95-97%) composed of triglycerides
(triacylglycerols). These are made up ofa glycerol 'backbone' esterified to three fatty
acids. The structure ol glycerol, a trihydric alcohol, is shown below. The variety of
different triglycerides in an oil is great. For example, it is possible to form six
chemically different triglycerides fiom glycerrcl and only two fatty acids; bearing in
mind that [rost oils contain at least 8-10 different fatty acids, it will be seen that the

number ofpossible triglycerides is very large.

Glycerol: CFL.(OITCH(OH)CFL(OH)
Glycerol moieties esterifed to either one or two fatty acids are known as

monoglycerides and diglycerides lespectively.

Unsaponifiable Matter: Non-saponifiable or unsaponifiable matter (LISN{) are

s).non).mous terms. They reler to that material in oils which is not volatile at 100'C
(i.e. water) and which, following reaction of the oil with sodium hydroxide, remairs
undissolved and insoluble h alkali. The USM ofan oil contains sterols, tocopherols,

higher alcohols, hydrocmbons and pigments (i.e. Vitamin { carotene and

chlorophyll). In general, the USM accormts fbr less than 2% ofthe oil.

Uvaol and Ery.throdiol: These a"" triterpene dialcohols, similar in strucflre to the

desmethyl sterols. Uvaol and erlt}rodiol are floulrd in high concentatiors in
olive-pomace (residues) oils.
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FATINMINCEDBEEF
A Review by the Association of Public Analysb

Ilistory / Background

Since the earliest appointtrcnts of Publb Analysts, which were designed to
control the composition of ftxtd thq, hne qercised their prerogative of
apressing opinbns on the twture, substarce and quality offoods.

The need to contol food quality has led to the introduction of Regulations
covering the composition of food. However, these Regulations do not cover all
aspects of food quality and it is under such circumstances ttrat the Public analyst
has, firough the Association of Public Analysts (APA), evaluated data derived
from samples and surveys to establish compositional parameters which
demonstmte both the composition reasonably to be demanded and expected by
consumers.

Based on detailed evaluations the APA proposed a standard for Fat in Minced
Beef This was first proposed and adopted in 1976. The standard then used was
a maximum of 25%o fat in England and 20yo in Scotland (See Table 1). Since
that time breeding has produced leaner animals and there has also been a demand
by the more health conscious consumer for a less fatty product (See Graph I ).

The current survey takes this into account along with data collated up to 1 989 and
from 1990 to 194.

Minced Beef - Definition

The Meat Products & Spreadable Fish Products Regulations 1984, SI No 1566
define meat as: "Meat" means the flesh, including fat and the skin, rind, gristle
and similar in amomts naturally associated with ttre flesh used, of any animal or
bird which is normally used for human consumption etc. The Regulatiors do not
define the term "minced beef', so the APA has adopted the following definition.

A pro&rct prodrced wholly from one or more cttts of beef carcoss naat, vtithout
the addition of other ingredie*, so that the resultant fat cortent shall be not
more thnt 20o%.

Working Practices

It is recognised that normal butchery practice is to use trimmings (e.g.
clod/sticking) and some carcass meats not usually sold as such (e.g. diaphragm
(skirt)), together with some fattier cuts (e.g. flank), shin, leg, masseter, neck and
chuck in the preparation ofminced beef

All of these forms of beef are expeced to be characterised by their natural fat
contents and as animals become leaner so these cuts must also become leaner.

If minced beef were simply minced flank or minced skirt the question of
composition would be relatively simple but because minced beef is an arlicle
often prepared by blending different cuts ofbeefthe composition calls for fi.rther
consideration.

000+5780r'95 +8 $20.00 ll3 O1995 Association of Public Analysts
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It is not unreasonable to expect tint the fat content of a minced beef produced
from various cuts should equte to the weighted average fat content of the
representative cutVtrimmings use{ with a maximum value not exceeding the
maximurn natural fat content ofany part ofthe carcass meat used.

Data from McCance & Widdowson suggests that this would equate to 25.1% 1f
fore-rib alone were used. It is, however, reasonable to assume and accept that
smaller traders are much less likely to use a single cut of meat (though large
producers are not likely to use trimmings in the same way as butchers and may
use only 2-3 tlpes of carcass meaQ and so produce a significantly lower fat
producl Ifa processor wishes to produce a minced product from a fattier single
cut of beef, then there is nothing r.rong with calling it by the name ofthe cut, e.g.
minced flank

It is also likely tlut large producers would ty to satisSz consumet demand for a
lowo fat product and would be unlikely to use only high fat carcass material.
Consequently it is highly unlikely that minced beef would be produced with a
high fat content by either category ofproducer. This is bome out by the statistics
of the survey which show mean values of l6.47Yo before 1990 and 15.13% n
1994. These mean values can and should be regarded a "target values" and they
almost certainly reflect the use of a mixture of meat cuts consistent with good
manufacturing practice.

This demonstrates that values ofless than the 25o% fat conten! recommended in
1976, can be easily achieved.

Physiological Data

A variety of cuts of meat are used for the preparation of minced beef mince is
generally prepared from cheaper cuts ofmeat and from trimmings liom all parts
ofthe carcass resulting from the preparation of meat for sale.

The following cuts ofmeat may be used:

Flank

Shin

Leg

Clod Chuck (shoulder)

Neck Skit (diaphragm)

Heart Masseter (head meat)

Studies ofthe composition ofvarious cuts cllrcef are listed in Table II and III.

It can be clearly seen that only flank and diaphragm contain fat at the 20% leve1,
other cuts contain considerably less.

This reinforces the argument that minced beef can and should have a fat content
ofless than 20% when made liom a mixture ofcuts - no matter whether prepared
by Butchers or Factory Processing.

Statistics

Statistics have been used to determine the mean and the standard deviations from
both surveys and these have been used for comparison purposes.

ll4



J.Assoc.Publ.Anabsts 1995, 31,1 13-120

As samples have been taken in the same manner for both sr.rveys (pre 190 and
post 190), comparison betrveen the two sets of data is legitimate. Only samples
which were described as minced beef were included in the stwey (see Table IV
andV).

Comments from the Statistics

1. There is a small but significart rcduction in mean values obtained for pre 1990

and post 1990 samples, respectively.

2. There is no signfficant cbange in the Standard Deviaiors of the data for the

tlvo penods

3. The very broad spread of resuls clearly dernonstmtes that the designation

'minced be€f is a generic term and does not indicate to the intending pruchaser, the

true nature ofthe product, with rcspect to the fat conten!

4, By simple irspection ofthe dat4 an upper limit for the fat content of minced

beet rlot described more specifcally, can be defiled by using the mean m a nominal

target !"lue and adding to this value a suitablc tolerance. A tolemnce of25oZ on the

target value is considered generous for a major constituent and this equates to a
maximum far content of l9-7%.. Such a value can be easily supported by the

physiologica.l data"

5. Dala ftom Scottish Public Analysts' laboratories show that in Scotland minced

beef has a fat contenl consistently below 2trlo and in ftct regu.larly achieve the 15%

"target value'.

Regional Variations

There is no doubt that regional variations do occur, the fi-uther souttr, the fattier

the pncduct becomes. But as factory processing inoEases and movement offood
across regions also increases, the regional variation argument should diminish
such that a UK Standard can be applied.

European frgislation

Whilst the APA Sub Commifiee considers this project as one which is local to the

LJI! it would be wrong to igrore the European dimension. The EC 88/657 of 14

December 1988 specifies a maximum fat value of 20yo for minced pure beef
Thus the current proposals do not conflict with the European Standard.

Lrgal Decisions

In the case of Goldup v Manson (John) it was held that where no standard had

been prescribed by siatute or regulation, a Public Analyst could not make good

the deficiency by 
-himself 

determining the Standard. In these circumstances the

standard of quaiity to be applied must be defined in terms of the purchasels

demand, which ii a question of fact. The prosecution has to prove that a
purchaser of minced beef is demanding meat of a commercial quality superior to
that sold to them.
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Consequently, in proposing a standard for the fat content of minced meat the
Association ofPublic Analysts must have regard to the public's perception ofthe
expected fat content of minced meat and not necessarily other considerations
based on the analyst's professional experience or opinions.

However, what is importan! without redrafting the statr:te, is to establish the
quality demanded by the purchaser and whether or no! at a particular price, the
commercial quality so demanded does not contain significantly more fat tlnn is
usual.

Lr real terms this means that the Association of Public Analysts must establish a
compositional definition for minced beefso that a purchaser, when asking for that
produc! knows that it refen to a food containing a maximum proportion of fat.

Price

As the srrvey is ongoing it would be completely misleading to compare prices in
say 1987 with those in 1994. Also fat is not the only criteria used to judge the
quality ofminc€d beef Consequently prices have not been included in the data-

Comments

I. The data shows ttrat a "target value" for fat of 15.7% can be
achieved.

2. Physiological data on a mixture of cuts of meat also reinforce the
15.7% "target value".

3. Minced beef sold in Scotland is consistently below the 20%o level
and is regularly at 15%.

4. Trends in the two sets of data show that a slightly lower mean fat
content is being produced in the 190s.

5. Compounded minced beef plus fat (presumably at a lower cost)
produced with fat levels in excess of20% are in fact compound products
and should be labelled accordingly i.e. "Minced beefwith added fat".

An indication ofthe fat content should also be declared along with a list of
ingredients, this would take into accourt "economy products"

Conclusions and Recommendations

The Council of the APA in September 1995, recommended the following
Guidelevel for fat in Minced Beef sold throughout the tlK:
Minced Beef- Fat content not to exceed 2fflo.

The APA Sub Committee recommend that the definition of Minced Beef is:

Minced Beef shall be defined as : A pro&rct prodrced wholly from one or more
cuts of beef carcass meat, without the addition of other ingrediants, so that the
resuhanlfat content shall be rct more than 20%a
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TABLE I

Mean percentage of fat in minced beef

Date 1976 1989 1994

Number of samples 1324 508 1307

Mean Fat Values (%) 17 .5 16.47 15.73

Graph 1

TABLE I1

Fat Contents of beef cuts

(JAPA: 1986,24,123)

Cut No of Samples Range o/o Mean % Standard
Deviation (%)

Chuck 30 1 .6-13.5 6.6 3.1

Clod 27 1.2-10.6 4.8 2.7

Neck 26 2.7 -t0.6 5.8 2.6

Masseter 27 2.4-14.9 5.2 3.2

Shin 26 1.0-3.7 ?.5 0.7

Diaphragm 27 4.6-20.9 10.5 4.3

Flank 27 t.2-20.4 7.0 4.0

tt1
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TABLE IIIA

Fat Contents ofbeefcr{s - Lean Tissue

(Analyst 193, 1 18, 121 7)

TABLE IIIB

Fat Contents ofbeefcuts - Lean and Intermuscular Tissue

(Analtsl 1993, 118, 1217)

Cut Clcan beef Clean beef Cull Cow Cull Cow

mean Std. Deviation Mean Std. Deviation

Samples 43 43 30 30

Chuck 5.9 0.22 6.2 0.39

CIod & Sticking 3.8 0.16 4.0 0.25

Shin & Leg 2.5 0.ls 2.6 ..52

Flank (thin) 6.9 0.31 3.8 .50

Forequarter 5.9 0.19 6.1 0.27

Cut Clean beef Clean beef Cull Cou, Cull Cow

mean Std. Deviation Mean Std. Deviation

Samples 30

Chuck 13.1 0.4 13.2 0.63

Clod & Sticking r4.7 0.48 l5.l 0.83

Shin & Leg 6.2 0.27 6.2 0.71

Flank (thin) 2t.t 0.67 19.5 l.l I
Forequarter 17.9 0.51 t7 .5 0.77

TABLE IV

Upto 1989 1990 - 1994 A11

Number ofsamples 508 1307 1815

Mean 16.47 15.73 15.93

Median 16.2 15.5 15.8

Sample SD 5.97 5.84 5.88

SKEWNESS 0.31 0.29

Ftest 0.54

s.E. 0.26 0.16
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TABLE V

Pre 1990 Post 1990

Ranqe Frequency % of total Ranqe Frequencv % of total
1

2
3
4
5
6
7
8
I

'10

11

12

13
14
15
16
17
18
19
20
)a
22
23
24
25
26
27
28
29
30

32

u
35
36
37
38
39
40

0
2
1

0
4
8
13
1'l
17
25

0
0.39
0.2
0

0.79
't.57
2.56
2.17
3.35
4.92

4.13
4.13
6.30
6.89
7.68
6.89
6.10
5.31
6.89
5.12
3.54

2.76

1.57
0.79
0.79
0.59
0.39
0.39
0.39
a.20
0.20

0
0
0
0

0.20

0
0
,|

10
'18

22
35
49
42
47
78
70
73

T7
91

8'l
76
75
59
50
41

39
42
12

11

8
14
I
3

0
0

0.08
0.77
1.38
1.68
2.68

3.22
3.60
5.97
5.Jb
5.59
7.04
5.74
5.90
6.97
6.20
5.82
5.74
4.52
3.83
3.14
2.99

0.92
0.84
0.61
1.07
0.61
0.23
0.15
0.08
0.08
0.08
0.08
0.08

0
0
0

I
10

11

12
13

14
15
'16

17
18

19
20
21
22

25
26
27
28
29
30
3'l
32
33
u
35

39
40

>40

I
2
3
4
5
6
7
I

20
21
21

39

31
27

18
16
17
14
12
8
4
4
3
2
2
2
1

1

0
0
0
0
1

0
100508 1306 100

Comnents (C€Ileral)

1) Therc is a small but signiflcant reduclion in tlrc mean lalues obtained for pre- 1 990 and post-190 samples

respectively.

2) There is no significant ciange in tlre standard deviatiom ofthe data for the two p€riods.

This may reflect the move to leaner Iivestock over tlte p€riod rafhqr tllarl to changes in burchery practices to meet

consumer demand
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FAT - distibution of minced meat fat contenb
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