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An empirid method of assi_&ng sampfes to determined graups of any 
particufar commodity, within the paprrlatian of zhat commodityy, is described. 

A computer pragrzm is used to c&cut&e and select ratios of variables to 
characterise groups from known members of the groups. A second program is -~ssd 
to test if an unknown sampIe is a member of a previously character’sed group. The 
method is tested using pubIished chromato_ffzphic data for spearmint ails and alrimaf 
fats. 

The general probIem of estabIishing the identity of a sample -R be divided 
into three catagories : the unity, finite and i&nite types. In the unity type it is assumed 
that aII samples are different, an example being l~uman fingerprints. fn the 5nite type 
the sample is known to EeIong ta ace of in few defined groups, while in the infinite 
type the sample bzlangs to one of a Iarge number afgranps, same of which itre defined 
a~-d same zre undefmed. The finite type inva1ves the aflocatian of the sample to one 
of the known grarrps while the infinite type involves testing whether the characteristics 
of the sample are consistent with any of the known groups. 

In the unity wpe of prabIem any marked difference between the unknawn 
sample and the reference sample is s&cient to disprave identity and the mtin problem 
is the classiiication of a large number of ssmples. An exa_mple of this type of problem 
is the identificatian of oil spills’. 

The method of discrimlnant analysis has been successfuEly applied to the 
&rite type of problem. Powers and Keith’ classified four lots of coffee, Hartmann 
=d Kawkes3 determined the gea_-phical origin of peppermint oils from ten sauTces 
2nd Kawahzra et ol.c ckxssified samples of asphalt and havy residual oil. An example 

. of the infinite type of probIem is the detection of aduEteratlon of Israel lemon oil 
studied by Lifshitz ei ~1.‘. This is considered to be an infinite probfem because although 
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there is on& one deEned group --genuine Israef iemoo ai&- there zre an udimitd 
number of xMterzte& groups. 

in order to proceed wi:.:, a project to replxe thi ciassicaf use of poiIen an&‘sis 
f&r identifying the source cf a honey it has been found necessary to devise a Eew 
method or" clz~ssiiication. The method was desi_sed to atlow the application of amino 
acid analysis dam to this infinite type of problem. Tests of the method &icg relatively 
simple gas-l/quid chromatagrzphic (GLC) data from spezrmint clis and animsf f&S 

indicate that it could have application to both finite and infinite types of problems 
using data of greater csmp!exity. 

The &rom&~~ap&&fy detetined variables were used to C&u!Efte ratios 
v;h;ch were then used ;zs the vatizb~es for tie test. this appro~h was used b-use 
of the Suaess of other workers using ratios of variabfes in preferesxe to the XQH~ 
VXi2522S~4. BiggerS et cf.6 found thatthetwotypes ofcoffee could be distinguished 
by ;he use of ratios of GLC pp& 2rea.s but not by the intensity of si@e peaks or Ehe 
comb&&an of Sir&e pe& areas. A further advantage of using r-&OS is that they 
itre &S affect& by instrumental errors than peak areas. Powers and KeiihZ recom- 
mended tizt the use of re&pra& r&x in discriminant analysis should be avoided. 
The use of reciproca! _rafios ;IL the proposed rest was avoided by numbering the input 
v&zbles and on& using those rztias in which the numerator variable number is fess 
than the denomi~afor variable number. 

in identity group wzs chxtracterised by t&Q values of pezks from sever& 
samples known to belong to the group. Any peak absent from z sampIe wzs assigned 
it v&e equal to the SmaItesst derectable amount of that peak. AH possible peak ratios, 
exciuding reccipr&&Es were c&x&ted and then the aver age value, standard deviation 
and ca&cfent of variation for each ratio WE determined. A speciik number OF ratios 

(c1GG) fraving the iowest coeEicients ofvariation were sefecfed z~ characterising the 
group. These c&zllations were repesred for e&x identity group under consideration 
so ‘&at each group wzs charxterised by a fist of defined ratios. A computer program 
(SOCIT) ~5~s written in Honeywe FORTRAN F to czrq cm the czkulztions uld 
seiections *. 

To determine if an unknown sampie belonged to any of the knoL\q @aups, a 
test based -on the C.zmp-Meideil ine~@ity~ ~8s applied to tt-,e v&es of the s&e 
ratios. The purpose of this test was to try to disprove tile hypothesis that the sampI 
is a member of the gronp under consideration. Failure to reveal a &Kerence which 
was slgni5cant st the l%Zl~< level of signiEance atlowed the COZC~_ES~~~ that ehe 1 

sampie WZLS ConSiShnt tith Ehe group. f% Sig&&%nce Ieve: below j T’, ivas regzrded as 
proving the-szmple was not a member of the group. -A second computer pramam 
@TUSOC) was used to make the required caicufations’. 

Standardised ratio differences were ob’ained, for each of the se&fed rz:ias, by 
c&&ring the difr”eerence b&v&z the group mezm for 3 patio and the Same ra~o in 
the W&KXWI SZEX@~ md dividing by ‘LEe SQndad deviation for that ratio_ ~~ardin= 
to the C=p-_MeIddl IneqtAity the prob&iiity of these values exceeding a vague T 
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np VfiUES FOR VmOUS VALLrEs OF P Ahm C 
E-mmpfe of use of Tabfe f (for n = 60). To obtain the v&e of t which 4 ratio differences (C) wiIL 
ex&ed wirh a probability (P) net exceediag 1%. For C = 4 znd %P = 1, np = 1.3. Hence f = 
%‘<4;9) - (6OjE.S) = 4.5. Thus if 5 out of @ standard&d ntio differences were observed to exceed 
4-g then it could be stated that there is less than a 1 0A chancebf the sample klongbg to the grow 
kkg tested. 

20 3.9 3.1 2.3 ISZ 0.82 
10 32 . 2.4 I.75 1.10 0.53 
5 2.6 I.9 1.35 0.80 0.36 
1 1.8 1.3 0.80 0.6 13.15 

a.1 1.1. a.75 0.42 0.19 0.044 

did not exceed 4/(9S) if the unknown sampfe was a member of that goup. Thus, if 
a probability level percentage was tied, values off could be calculated which no more 
than I, 2, 3,4, 5 t&o differences should exceed. These values were calcrllaled 2s fol- 
lows: Let C = a specific number of dEerences exceeding t, n = number of i&OS 
considered, p = proportion of differences exceeding t in universe to result in more 
thzn C exceeding : in sample of tz with a probability not exceeding P %_ Values of the 
product np were obtained for each value of C and probabifity P from a _gzph of rhe 
cumlrIatiGe binomiai distribution. Table I gives values of EP For the levels of P and C 
which were used in the present work. f was calc&ted from the equztion, i = -- 
11/4/9 -njnp_ 

The lowest v&e of P at which a C vafue was exceeded was taken as the level 
of significance of the difFeren= between the test sample and the grorrp_ The test was 
repeated on the unknown sample for each group under consideration. 

TABLE 11 

TESTS ON SPEARMINT YARIETIES; PROBABILITY l_EVEI_S AT WI-I:CH TEST WAS 
SIGXIFICANT 
SampIes tested, I I ; correct& identified, IO; not identged, I ; incorrectly identified~ 0. 
-_ 
Sample M. spicara hf. cardiaca Iden@- 

SFiB’ 20 0.1 M. spicata 
E0557 20 0.: M_ spicafa 
SPIT 0.1 0.1 M. spkata 
E&i65 20 0.1 hi. spicata 
.iCB 20 0.1 M. spicatn 

EfXX’ 0.1 20 M. cardiaca 
§I?13 0.1 20 M. cardiaca 
E0739 0-L 20 M. cardiaca 
E0237 0.1 20 M. cardiaca 
EO567 0.1 23 M. cardiaca 
EC570 0.1 20 Af. cardiaca 

* SampIe used in charztctedsing pro_-. 



The method has beerr tested 
mist 011 2nd f&Q acid an&& of animal fats. These datz %re chosen aecalrse me 

SL&O_~S had shown thzc it co&d be sed to ~s~,g~Gh between the diEerent types of 
Wmples. 

The data used are from a paper by Smith et a.. f s. Ten sa.mples of Menrkz qlcafa 

acd thirteen samples of Men&z cardiaca were randomly se&ted for use in the 
SOCIT program. There were 16 vtiabtes giivir~g I20 possible ratios. The prosam 
was set tc sekct 60 C&OS havk,o the snalfest coefEcients Of w3riatiOn. The remaining 
four sam$es of iti. spicar~ and ~-UC samples of M. miliaca pIus one srtmple of each 
variety used in the SOCfT pro_gam were tested against the dzxa from the SOCFF 
pr~gam, using the lTUSOC program. The results are shown In Tabfe If. This table 
shows that tell out ofeleve:n samples were assigned the correct identity and one sample 
was utidei&f?ed. 

The da& used are from a paper by Hubbard and PockliogtonP which preserrted 
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TABLE LV .- . 

SLI%tMXRY OF TESTS ON ANLMALs FATS 

t Since each cut ~-as tested take there were 32 tests. _ 

fatty acid anatysis data for different cuts of beef, pork and lamb. Two cuts of beef 
and pork were chosen for testing and a mixed selecticn of Iamb cuts were used. Not 
less thaa eight samples of each cut were used for characterising the cuts. There were 
sixteen fatty acids w’hich appeared regularly giving 120 possible ratios. The SO&IT 
program was set to select 60 ratios. Tests were carried out using the selected rzrios 
on further sampfes of the same cuts and also on different cuts of the same type of 
meat and on different types of meat. The results of these tests are shown in Tabfes I11 
and IV. 

DISCUSSION 

Mthough the method has been shown to give good results with two different 
types of d&z and has been successfully ap$ied to the problem of honey identifica- 
tie@ it must be considered as 213 empirical method. The reason <or this is that the 
method assumes that the ratios are independent variab!es. In it limited test of the data, 
the extent of correelation between the ratios wzs not large, but this might not be the 
case with other data. -Another Iimitation of the Method is that it assumes that the 
distributions of standardised ratios are symn;etrical .&hongh the distributions pf 
ratios are inherently skew. However, the distributions of standardised rztios in the 
groups so far encauntered have been sufficiently symmetrical to have reasonable 
conf?dence In the validity of the Cwq--h$eidelI inequality. 

_4t the present time the number of ratios selected has been arbitrarily deter- 
mined. When the number was increased from 60 to 100 no improvement of the 
anin& cut results was achieved. It would be appropriate to deternzine the number of 
ratios by liniting the value of the coefficient of variation, which in these tests had SL 
lll2tiMUIY1l v2Iue ofl00%. 

The spear&x oil data are examples of the finite type of problem because 
there are only two varieties of spearmint. Aithough it is likely that the problem could 
also be solved by discriminant analysis, the method used does not require the use of 
a large computer demanded by the Biornedicai Computer Program’*‘. The results of 
thi test on animal f&s types is considered satisfactory, only one sample (beef R Rhod 
2), which should have been identified, failed to be identified. ft seems reasonsble to 
tzke the results of the test on Lamb K NZ 2 as indicating the sample w;zs lamb ar,d 
not beef rump, The four unidentifiable samples were convincingly distinguished frOM 
the groups under consideration. The results 011 cuts of beef and pork were ur~&S- 
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facta,~ znd the test co&d not be recommended for distin&shing betlveen C&S- If 

t&e cut-type tests bad bgel~ successfti merent sekctions of ratios would have bees 

m2de for disting~ishiing between difEerent animal t&es. 
L&hitz et &c used 2 C&sq~.~arg test for derecting adulteration of k&i 

‘emon oil. The variables for +Jle equatiori were chosen, from a number of Wtiabfes, 
by consideration of *&e co&cients of variation znd correIaticn caefficients~ of the 
variables. The ap,@icatio~ of this approzdr to infinite problems coztaiti~g severzd 
known groups wortkf. be more dl$icult than the proposed method. The Cti-squae 
ECS~ is z!so of gmited v&iue in cor&&ing fa,rg~ numbers of variabks because the 

individual values of each vtiabk are not taken into account. 
Most itinize aod 6&e types of identity problems contain several knowx 

grotrps. Chromatogr@k methods of analysis hwe made it possibie to obtain readily 

&+.a from many more vzriabks &an can be utilised by traditional classifktion meth- 

ods. Despite the linzi’ations imposed by the empirical nature of the proposed method 
it Could be 2ppIlca~Ie to a number of this type of probfem. 
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