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Volatile sulphides in subgenus Allium, sections Allium and, Cepa and,
their use in numerical taxonomy
(Sulfida volatil dalam subgenus Allium, seksi Allium dan Cepa serta kegunaannya
dalam taksonomi numerik)
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Abstrak
Dengan menggunakan kaedah kromatografi gas-cecair, penentuan dibuat rerhadap
komposisi dan kepekatan sulfida volatil di dalam tisu hirisan '2A aksesi Allium
dalam seksi Allium d,m Cepa. Spesies-spesies dalam seksi Cepa boleh dianggap
mempunyai corak spcktrum sulfida volatil yang sarna. Sebaliknya, spesies-spesies
dalam seksi Alliumtidak menunjukkan spektrum sulfida volatil yang sarna.

Bebcrapa spcsies dalam seksi Alliurn bcrcorak taburan sulfida volatil yang sarna
seperti spesies-spesies dalam seksi Cepa mmakala bagi spcsics lain corak taburan
sulfida volatilnya scpcrti yang ditrmjukkan oleh A. sativum yang corak taburan
sulfida volatilnya dianggap mewakili scksi A//iarz. Pada keseluruhannya, bolehlah
diandaikan bahawa taburan spekrum sulfida volatil dalam bebawang pelbagai

spesies A//iarz tidak menunjukkan perbczaan yang ketara antara spesies atau
seksi.

Abstract

Using gas-liquid clromatography, determinations were made on the proportioru
and concentrations of volatile sulphides from choppcd tissues of Z accessions of
Alliumbclonging to sections AIIium and Cepa. lt could be said that species in
sect. Cepa share essentially the same volatile spectrum pattern. On the othcr
hand, species tn sect. AIIiurn do not show similar volatile pattem. Some spccies
in scct. ̂ Al/izrz possess volatilc distribution pattems similar to those spccies in
sert. Cepa while in other species, the volatile disribution patterns are similar to
that of A. sativum, the volatile distriburion pattem of which is usually considered
to be typical for sect. Allium. On the whole, it could be concludcd that the
distribution of volatile sulphides in the bulbs of various A//rarz species did not
show clear-cut delimitation betwccn the species or sections.

Introduction
One of the characteristics of lhe genus
Allium is that the plants produce a strong
odour when the plant tissue is injured. This
odour is mainly due to the presence or
production of volatile organic sulphur
compounds.

Jacobson et al. (1964) isolated and
identified several aliphatic disulphides from
various Allium species. later, these
investigators developed a rapid gas-liquid
chromatographic (GLC) method for the
separation and identification of sulphides
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Volatile sulphides and their use in numerical taxonomy

from Allium vapours, and surveyed the 1944). Saghir et al. (1966) related the
common food species. composition of volatiles to the taxonomy of

Saghir et d. (l%4) noted that American Allium. El-Gadi (1916) compared
generally the odour of the various Allium the volatiles in several species in sect.
can be related to the nature of their sulphide Rhizirideum and El-Sheik Hussein (1978)

contents. Further investigations by Saghir et compared fre volatiles in several species in
al. (1965) have indicated that neither the *ct. Cod.onoprasum. It remains, however,
habitat" stages of growth nor plant part that most of the investigations on Allium
appreciably affect the proportions of alkyl volatiles were carried out on cultivated
sulphide radicals in the vapour of chopped spccies notably A. cepa, A. sativum and A.
Allium tissues. porrum.

The identification of volatile This study explores the variation in
components produced by injured tissucs of proportions and composition of volatile
Allium has bccn reported for the common constituents in the species listcd inTable I
onion, A. cepa Q,a Croix et al. 196'l) and for and thcir possiblc utilization in classification
garlic, A. sativum (Cavallito and Bailcy of thcse species.

Table l. Sotrrces of Allium spccies n sect. Allium and scct. Cepa sndied

Acc. no. Spccies Source/origin

Section Cepa
261 A. cepa cv. Thc Quecn Dobbics Seed Company, U.K-
203 A. cepa cv. White Spartan Sutton Seed Company, U.K.

7 A. cepa var. viviparum Botanishcr Gartcn de Techichen

314 A. fstulosum

16 A. schoenoprasum Hortus Botanicus lnstituti Scientiarum,
Lithuana, U.S.S.R. (HBIS), Acc. no. 153
Beltsville, U.S.A. Acc. no. C 502
National Vegetable Research Station,
Wellesbourne, U.K. (NVRS)
Acc. no. Do 134
Beltsville, U.S.A. Acc. no. P1405035
HBIS, Acc. no. 138.
HBU, Acc. no.2402
HBU, Acc. no.2353
NVRS, Acc. no. Do 316

NVRS

Section AUium
372 A. arnpelopraswn Galilee, Israel.
297 A. atroviolaceum HBU
207 A. porrum Sutton Seed Company, U.K.
371 A. babingtonii NVRS
338 A. sativum HBU. Acc. no. 2391

2 A. longicuspis HBIS
269 A. sphrerocephalon Marden Nurseries, Kent, U.K,
366 A. scorodoprasurn NVRS
370 A. vineak NVRS
310 A. jailae HBU, Acc. no.2345

Hochchule, Aachen, Germany. Acc. no. 338
Hortus Botanicus Univ-, Budapcst,
Hungary (HBU). Acc. no. 2335

258 A. royeli
363 A. galanrhwn

259 A. vaviloii
14 A. altaicum

360 A. sibiricum
319 A. lcdebourianwn
365 A. pskenunse

5 A. ascalonicwn
376 A. chirlense
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Materials and methods
Matcriak
Allium species listed in Table I were grown
in the field at the Winterbourne Rescarch
Garden, University of Birmingham, United
Kingdom. Dormant bulbs were collccted at
the end of the growing season (Octobcr-
November). The outer tunics, roots and the
upper part of the leaves were excised
immediately before thc volatile prcparation.
Samples of 15 g of the bulbs were taken and
finely chopped using a sharp razor blade.
This method gavc a high proportion of
injurcd cclls, allowing maximum production
of volatilcs. Thc choppcd matcrial was
placcd in a 35 mL flask and for replicatc
samples a mixture of alkanes consisting of
equal proportions of thc cvcn numbcrcd C6-
C16alkancs were added. Thc flask was thcn
incubated in a water bath for 30 min at
40 oC. Thc flask was scaled with a rubbcr
septum, allowing lhc vapour sample to bc
witrdrawn for GLC analysis.

Identifrcation and measurement of volatiles
A Pye Serics 3M dual column GLC with
flame ionization dctccLors was used. Thc
relative rctcntion volumes of sulphidcs used
for identification o[ chromatographic pcaks
were esl.ablishcd from commcrcial rcagcnt
grade producls (Table 2/. Methylcne
numbers of all peaks wcre calculated
according to the formula of Dalgliesh et al.
(1966), which statcs rhat:

Mcthylene No. = n + (2y) + x
whcre, n = no. of carbon atoms in prcvious

alkane elul.cd
r = distance between peaks of

adjacent alkanes
y = distance bctween the alkanc

peak C. to the pcak being
measured

The relative amounts of volatilcs
present in each vapour sample were
estimated from the chromatograms by
measurement of peak areas. From these
areas, the proportions of metryl, n-propyl
and allyl radicals in the sulphides of each
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gas sample were calculated. For example,
the total n-propyl was determined by adding
the appropriate peak areas of each sulphide:
n-propyl disulphide + one-half methyl-n-
propyl disulphide + one-half n-propyl allyl
disulphide. The proportions are expressed as
a percent2ge of the total area of all the
sulphides identified on each chromatogram.

The data of bulb volatiles obtained
were then used in numcrical analysis. The
data were codcd as prcsence or absence of a

Table 2. Methylcne numbers of allium sulphide
peaks and volatile compounds identified

Pcak Mcthylene Compounds
no. no.

1

z .

J .

5 .
6 .
7 .
8 .
9 .

10 .
l l .
12.
1 3 .
14.
1 5 .
1 6 .
17 .
1 8 .
19 .
20.
21.
l t .

23.
1 i

25.
26.
27.
28.
29.
30.
3 1 .
32.
J J .

34.
35.
36.

5.57
6.00
6.29
6.91
7.37
8.00
8.29
8.62
9.07
9.43
9.68

10.00
10 .19
10.35
10.45
10.53
't0.64

10.94
1 1 . 0 1
I  1 .38
1t .49
I 1 . 7 0
1 1 . 9 0
12.00
12.39
12.87
13.35
13.62
13 .78
14.00
14.16
14.65
15.32
15.45
15.69
r6.00

Methyl sulphide
Mcthyl-propyl sulphide
Dipropyl sulphide
Diallyl sulphide

Dimethyl disulphidc

Propanol
Methyl disulphide

Propyl-allyl sulphide
Diallyl disulphide

hopyl disulphide
propyl allyl disulphide

Attyt aisutpfriae
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A. ascalonicum acc. no. 5

A. cepa. rcn. no.2O3 A. chinense acc. no. 376

A. atnpeloprasum rcc. no.3'12

A. fistuktsom zrcc. no. 314 A. atroviolacewn u:c. no.29'l

A. schoenopras@ acc. no. I 6 A. porrutn acc. no. 207

A. gakrnthum acc. no. 363 A. babinstonii acc. no. 371

A. royeli arc. no.258 A. sativum acc. no. 338

A. vavilovii acc. no.E9 A. longtcrcpis acc. no. 2
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ahaicwn acc. no. 14
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particular pcak, and for scvcral compxrunds a
coding of I to 5 was givcn to take into
account thcir rclal.ivc amounls prcscnt.

Numcrical analysis was carricd oul
using CLUSTAN 2 progriunrnc. CLUSTAN
is an intcgratctl packagc of FORTRAN IV
for lhc collcctivc study and usc in various
clustcr analysis and olicr mulLivariatc
mctlrrxls. Thc pnrgram mc incorporatcs
scvcral diffcrcnt typcs of analysis, two of
which wil l bc uti l izcd hcre. Firsrly,
hicrarchical clustcr analysis, bascd on the
matrix of similarity valucs (Euclidcan
disrancc), was carricd out and the results
prescntcd as dcndrograms. Thc dcndrograms
werc formcd through Ward's (1963)
clustering mctlrod. Sccondly, the data
matrix, standardizcd ta zgro mean and unit
variance as with thc clusterings, was used
for principal component analysis. Here, the
multivariatc rclationships of all taxa can be
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5 1 0 1 5 2 0 2 5 3 0 3 5
Volatile pak number

expresscd with a rca^sonablc dcgrcc ol'
accuracy in just a fcw dimcnsions
(componcnts), providing that a substantial
proportion of tlrc tot.al variance is accountcd
for by thosc fcw componcnts and thosc
componcnLs should havc eigcnvalucs grcatcr
that. onc. Plos of thc flrst against thc second
cigcnvcctors and tlrc third against thc fourth
cigcnvectors werc comparcd.

Results and discussion
RcsulLs of thc analyscs of the various
spccics arc prescntcd hcre in the form of
histograms of thc proportions of the various
sulphides elucd (Figure I ). The proporrions
of methyl, n-propyl and altyl rad"icals in rhe
vapours from chopped alliums are presented
inTable -1. In sect. Cepa,there are four
prominent sulphidcs, i.e. dipropyl sulphide,
metlyl-propyl sulphide, dimerhyt disulphide
and propyl disulphide. Dipropyl sulphide

30
25
20
l 5
1 0
5
0

35
30
25
20
l 5
l 0
5
0

40
35
30
25
20
l )

l 0
5
0

25
20

l 0
)
0

Figure I . Proportktns, based on measurenanls of peak areas, of 36 componcnts presen! in the vapr.tur of
cfuipped Alliums

A. scorodoprasum acc. no.

vtneale acc. no.370
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Table 3. Porportions of alkyl constituents from allium volatiles

Acc no. Species/Cultivar Methyl Propyl Allyl

Total volatile

Unidentified content*

261
203

314
1 6

258
363
259

l4
360
3 r 9
365

5
376
372
297
207
37r
338

L

269
366
370
3 r 0

29.27
29.57
JZ.JZ

23.06
19.99
32.52
27.55
28.95
20.87
20.68
17.26
17.34
30.31
22.43
26.99
27.05
20.68
21.49
1{t .21
23.82
21.98
27.65
19.09
23.96

48.08
43.57
4t.35
4332
43.1r
50.28
M.68
48.09
44.59
45.63
56.07
28.48
53.55
23.70
41.08
46.26
39.21
7 .7 r

30.88
14.94
40.91
33.08
20.51
39.48

3 720
3 807
5 889
4  981
5 303
4 478
5  0 r0
3 M 9
5 454
3 008
3 632
7 542
4 145

13 843
5 902
4 809
5 836
7 069
9 2'15
8 669
3  0 r 5
9  7 1 5
8  128
5 945

A. cepa cv. The Queen
A. cepa cv. White Spartan
A. cepa var. viviparun

A. frstulosum
A. schtxruprasun
A. royeli
A. galanthum
A. vavilovii
A. altabunt
A. sibiricum
A. bdebourianum
A. pskzntense
A. ascalonicum
A. chirwnse
A. anpeloprasun
A. alroviolaceum
A. porrurn
A. babingtonii
A. sativum
A. longicuspis
A. shaperrxephalon
A. scorodoprasun
A. vincale
A. jailae

3.43 19.23
3.90 22.96
7.58 r 8.75

l  1.87 2r  .75
8.99 27.9r
1.36 8.84
6.61 21.16
7.M 18.50

1332 21.12
3.26 30.41
5.84 20.83

14.27 39.91
3.12 12.02

17.59 36.28
10.52 21.41
4.3r 22.38

15.38 24.73
6r.4't 9.33
34.66 16.25
35.41 25.83
2.16 34.35
8.46 30.81

31.36 29.M
15.25 21.3r

* Total volatile content is expressed in arbitrary uniLs and is rclatcd to the mm2 of pcak areas.

Table 4- Eigenvalues 1-10 and perccntage and cumulative variancc for rhe principal

component analysis of36 bulb volatile chromatographic constituents chalactcrs

Eigenvector Eigcnvalues Percentagc variance Cumulative variance

I
2
J

4
5
6

8
9

l 0

6.81
4 .13
3.24
2.85
2.4r
2.26
1 ; 1 2
1 .58
l . J  I

1 .32

18.9  r
l  1.49
9.00
7.91
6.68
6.28
4.7'l
4.39
3 .8  1
3.66

18 .91
30.40
39.40
47.31
53.99
60.27
65.(X
69.43
73.23
76.89

forms the biggest proportion of volatile

sulphides in most species of this section. In

some species, i.e. A. cepa, A. royeli and A.

vavilovii, however, methyl-propyl sulphide
forms the biggest proportion while the
proportion of dipropyl sulphide is slightly

less than this major compound. The species

of this section are also characterized by the

146

lack of diallyl sulphide and other
compounds with allyl radicals in their
volatiles Cable 4). The volatiles of each

accession are clzssified into firree radical
groups. The fable also indicates lhat

compounds of the propyl group predominate

in the volatiles from accessions of the

Allium sr"ct. Cepa.



There are, however, some variations
from the above volatile spectrum
distribution in a few species. The most
notable of these is in A. chinense.ln this
taxon, besidcs possession of a rclatively
high level of compounds with allyl radicals,
there were comparatively high proportions
of methyl disulphide and an unidentificd
compound eluted at peak no. 24 in the
chromatogram, as well as comparativcly low
levels of mcthyl-propyl sulphide and
dipropyl sulphide. A similar variation occurs
in A. pskemense, but in gcneral it could be
said that thc pattern of volatile distribution
is closc to those of othcr mcmbcrs of tlc
section.

Bcrnhard (1970) also found that
mcmbers of sccl.. Cepa showed closc
corrcspondcnce in thc gencral fcat.ures of the
volatilc pattern, with an acccssion of A.
pskemcnse and A. royeli showing slight
dcviations from thc gcncral fcaturcs. Hc,
howcvcr, found n-propyl disulphide to bc
the major constitucnt. of volatilcs of spccics
in this scction instcad of dipropyl sulphide
as was found in this invcstigation. Thc
dcviation might bc duc t-o crror in
idcntification of thc sulphidc pcak sincc the
dipropyl sulphide uscd for idcnrification was
of vcry old stock.

The abovc pattern also appcars to bc
consistent with the findings of Saghir ct al.
(19&:1966), and Freeman and Whcnham
(1975). Frceman and Whcnham (1975)
found tlrat in A. porrum iNrd
A. scorodoprasum Lhe proportions of mcthyl,
propyl and allyl radicals were not very much
diffcrent from those of the spccics in scct.
Cepa except that the proportions of allyl
radical constitucnts wcre slightly highcr.
Similar results were obtained in this
investigation for A. porrum,
A. scorodoprasum, A. jailae, A.
ampeloprasum and A. atoviolaceum.
Similar proportions were also found in A.
ampeloprasurn (leek) by Saghir et al. (1964).
These investigators, however, showed that in
another accession of A. ampeloprasum
(great-headed garlic), the proportion of

A. H. AMul Wahab

constituents with allyl radicals was very
high, and that the distribution of volatiles
was very much like that in A. sativum. The
proportion of allyl constituents was not. high
in great-headed garlic (acc. no. 2@),the
distribution of volatiles in this accession
being very similar to those of A. porrum and
other accessions of A. ampelopraswn.
AnoLher spccies which did not show volatilc
proportions similar tn A. sativum was
A. sp haero c ephalon. A. sp haerocephalo n
investigated was charactcriz.edby very low
proportions of compounds of thc allyl group,
the proportion of constitucnts of allyl
compounds bcing thc lowest among the
acccssions investigalcd. Thcrc wcre no
rcports on invcstigations involving GLC tor
this spccics, thcrcforc no comparison could
bc madc hcre.

The dcndrogram bascd on thc
hicrarchical clustcr analysis of 36 bulb
volatilc chromatographic constitucnts
(Figure 2) shows Lhat at a drssimilarity lcvcl
of 19.288o/a (with rcfcrcnce t]o A. cepa, acc.
no.'251) thcrc is a split consisring of a goup
of laxa. Two of lhese taxa, A. chinense utd
A. pskemense bclong to scct. Cepa while the
rest bclong !o secl Allium. All thcsc laxa are
charactcrizcd by thc posscssion of
comparativcly kuge amounts of constitucnls
eluted during the lattcr part of thc
chromatographic process and also
comparatively large amounLs of constitucnts
of the allyl radicals. Wittrin this clusrer A.
chinense and A. pskemense are closcly
rclatcd, (dissimilarity levcl of 4.25Vo) whrle
thc othcr spccies in this cluster, A.
babingtonii, A. sativum and A. longicuspi.s
were more closcly rclated to cach othcr tian
to the above two species.

The second split occurred at lUVo
dissimilarity level and consists of A.
scorodaprasun alone. The chromatographic
constil.uent. pattern of this species is almost
similar to that of those species in sect.
Allium as above except. for the absence of
diallyl disulphide (peak no. 35) white
possessing compounds eluted at peak
numhrs 33,y, and 36 which were not
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present in othcr spccies in sect. Allium.
The third split occurred ar 7 .4o/o

dissimilarity level and constitutcs all other
species in sect. Allium with the excepLion of
A. sibiricum (acc. no. 360). The inclusion of
A. sibiricum in this cluster is unexpected
since its chromatographic constituent pattern
was not much different from other species in
sr"ct. Cepa except that it also possessed
small amounts of compounds at pcak

148

Distance coefficient

0.000 1 .927 3.854 5.780 1 .707 9 .634 r9.288

A .  c e p a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 1

A.  cepa. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .203

A. vavi lwi i  . . . . . . .259

A. cepa var viviparutn .. . . . . . . . . . . . . . .7

A.  roy  e l i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  258

A. atravblaceum ... . . . . . . . . . . . . . . . . . .297

A.  ja i lae  . . . . . . . . . . .310

A.  a l ta icun  . . . . . . . .14

A.  ga \arxhum. . . . . . . . . . . . . . . . . . . . . . . . . . .  363

A. ledcbour ianum ... . . . . . . . . . . . . . . . . .319

A. rchtrcroprasam ... . . . . . . . . . . . . . . . . . .  I  6

A.  f t ^ ; t  u los  um . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3  I  4

A .  a s c  a l o n i c  u m . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5

A.  s ib i r i cum. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  360

A. atnpelopras um ... . . . . . . . . . . . . . . . . .37 2

A.  por rum . . . . . . . .207

A. sp hrerocephalon .. . . . . . . . . . . . . . .269

A. vircalc . . . . . . . .370

A.  scorodoprasum . . . . . . . . . . . . . . . . . . .366

A.  p  s  kc tnc  nse  . . . . . . . . . . . . . . . . . . . . . . . . . . .  365

A. chinense .. . . . .376

A.  bab ing ton i i .  . . . . . . . . . . . . . . . . . . . . . . .  371

A .  s a r i v u m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 3 8

A.  long ic  usp  is . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2

Figure 2. Derdrograrn slwwing group average clustering of accessions of AUium using Euclidean

dktarrces based on the cluster analysis of chromatographic corstituents of bulb volatiles

numhrs I and 4 and of larger amounts at
pcak no. 36. Within this cluster, A. porrum
and A. ampeloprasum accessions wcrc more
closely related to each other than to other
species in the cluster.

Species clustered bclow 5.5Vo
dissimilarity level can be considered as a
unit, since this constitutes a small variation,
although there are a few other taxa
clustering below this level. Species below



the above dissimilarity level all belong ro
the secL Cepa except for A. atroviolaceum
and A. jailae.

Results of the principal component
analysis of the bulb volatile
chromatographic constitu ents (I-able 4 )
show that less than half (47.31Ea) of rhe
total variancc is encompasscd within thc
first four eigcnvectors, thc greatest
proportion of which is encompassed by the
first (18.917o).The above levels of variancc
are clearly not adequate for thc fint four
componenls alone lo bc analyscd.
Conscqucntly, thc plos of the first against
thc sccond eigcnvccl-or and thc tlrird against
thc fourth eigcnvcctnrs did not show much
significancc in thc scattcring of rhc spccics.
The plot of factor I againsl. factor 2,
howevcr, docs show that tlrosc spccies
producing large amounls of volatilcs
(Table 3, Figure I and Figure 3/ as wcll as
posscssing rclativcly largc amounls of allyl
radical constitucnts are scparatcd from thc
main body of thc scattcr of thc taxa. On
eigcnvcctor l, it was found that
chromatographic pcak numbcrs 21 ,26 nrll
providcd most of thc variancc whilc on
facnr 2, pcak numbcrs 3,24 and l3 providc
mosl. of thc variancc.

On thc wholc, it could bc concludcd
that analysis of bulb volatilc sulphides could
not provide clcar dclimiradon bctwrcn thc
specics or sections of Alliums.

In this investigation, thcrc wcre no
significant differcnccs bctwccn spccics and
cullivars in sect. Cepa in thc proportions of
sulphidcs, but thcre wcrc large dillcrcnccs in
the conccntration of the volatile sulphides
('table 3). Diftercnccs within spc,cics in rhc
conccntration of volatilcs could bc duc to
dilfercntial loss of the volatilcs during thc
primary slicing operation. Bernhard (1970)
estimatcd thal. about 3O-50Vo of thc volatile
componenls wcre lost during this proccss.
Thcrefore, variation in the length of time
[aken to complerc this process leads to
variation in the concentration of the volatilc
components analysed. Howcver, this
variation does nol. appreciably affect the
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analysis done in this investigation since the
primary consideration is on the proportions
and not on thc concentrations of the
volatilcs.

Conclusion
Determination of the proportions and
concentrations of bulb volatile sulphides in
Allium confirms the fact that the proportions
of the various volatiles in any particular
spccics did not vary tiough the
concentration of the volatilcs varies with thc
method of volatilc preparation. On the
wholc, thc volatilc spcctrum pattcrn of
spccies within scctions showcd close
affinitics with each othcr eslrccially in scct.
Cepa. Howcvcr, this gcncral lrcnd is not
exclusive. Numcrical analysis using
principal componcnL analysis :urd
hicrarchical clustcr analysis showcd that
some othcr spccies within thc two Allium
scctions studicd showcd obvious dcviations
lrom lhc gcncral trcnd with rcspcct to
volati lc composition and conccntraLion.
Thus, in laxonomic studics, GLC of bulb
volatilcs havc t-o bc augmcntcd with othcr
studics, lor example morphology, karyotypc
analysis, sccd protcin, isozymc
clcctrophorcsis and cross<ompatibility
studies in ordcr to givc clcar dclimitation of
thc specics and scctions in All ium.
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