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Seed Lipids of the Water Plants (%)

By .
A. Lott1 and V. Averna

_Instltute oi the Agrarian Industry of the Unlverslty of Pisa

Instltute of Agrarlan Chemlstry of the Un1vers1ty of Palermo

1. For a long tlme we have been studvlng the problems

. relating to the chemistry of fatty substances in vegetable

substances their distribution in the varlous parts of the'

- plants, thelr analytlcal characterlstlcs in regard to the

spe01eq and variety and the Vdrlatlons in the seeds and
oleic fruits during. the process of r1pen1ng._r We refer
particularly to our previous researches on the lipidic

compositioﬁ of almonds (l), of olives (2), and of

pistachios cultivated in Sicily and those on.the

v(*) Work undertaken with help from the Nat:onal

Research Council of Italy.
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characteristics of fats present-in~the seeds eﬁd hypogeous
organs of the same plants,'rOOtﬁstoeks (&), bulbs (5),
~and tubers (6) and those’relating to the analytieal
characteristics of oils from seeds of plants belonglng
to the same genus (7,8,9). A

| With a view to adding to our knowledge of tﬁe
acidic composition and the analytical characteristics of
fats extracted from seeds; so as to look for new oils
and fats suitable for food consumptien'or for pharmaceutical
or industrial uses, and te identify the.pafticular_'-
fatty acids which are'of~particuiar interest in the field
of_vegetable bio-chemistry, we have examined infthis.present
research the fats extracted from a greup of water planﬁs.
The study of the lipidic'composition-of seeds of
water plants is»of particular_importaﬁce from the point
of view of vegetable chemistry Mmsofar - as these:plants
show in:relation'to terrestrial plants, some biological
peculiarities in their eompositioﬁ'which condition the
development of their'general metabdlism with possible
consequenc<s that are both qualltatlve and quantltatlve
on the chemical composition of their products of synthe51s
— in our case, the lipids. | o
The water plants,'infaet, shew emeng others, notable
modifications in the: organs that are normally located under
water, wiﬁh-an increase of plésticity ahd.the presence

of a particular tissue of aereation ('air chemistry!')
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which enables the submerged tissues to breathe. The o

~development of the root3~alsoAis greatly modified,

much so that in somé plants these are entirely absent.

Moreover, many water plants have heterbphyllia. From

a metabolic point of view,

‘in the water plants

deprived of roots, the function of mineral nutrition is

largely undertaken by the submerged leaves which also

take in Co, dissolved in water, in this form or as

bicarbonate of caleiwum, transforming it into carbonate

and thus giving origin to calcerous crusts

(ex. Potamogeton).

also altered insofar:

The mechanism of transpiration is

‘as the water plants tend to

limit the absorption of water on the part of submerged organs

(absence of{stomae) and increase the rhYthm»of transpiration.

It is well-known that the so-called water

plants may be divided into those that live completely

submerged inbwater and plants with hypogeous organs

(roots, root-stocks or tubers fixed to the bottom

and with leaves spread out on the watef surface

(Hydrophytae) .

Moreover, those hydrophytae . that are

to be found in damp places (mafshes,'submerged fields,

etc.) belong to the family of water plants, having their

roots in the land usually under water ‘and the leaves,‘

instead, above water as in the case of non- aquatlc plants

(Heloph&tae)

(lO) .
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Reseérch on the lipidic composition of‘water plants | ok
is rather scarce while the fats of algae (11, 12, 13, 14)
and of marine animals appegr to have been more commonly
studied and in these lérge quantities of polyunsaturated,
in partAconjugated‘aéids have been found. It would

therefore be interesting to evaluate if and to what

extent this is valid for water plants. J;A,Lovern (12)

found in the fats of Anacharis alsinatrum considerable

quantities-of polyunsaturated acids, while H.P.Kaufmann N " | i
(15) sﬁowed the presence of conjugated,'polyuﬁsaturated
acids in water plants and marsh plants such as.some specieé
of Nymphea and Iris, asserting that most probably in |
nature the éaid conjugated acids are much more common than
is supposed to be the case.

2. In thig present research, we haveAexamined the diis
extracted from the seeds of 21 species of vegetéble plants,

furnished parbly by tﬁé Botanical Gardens of the University

of Palermo and collected partly in the region along the
coastline of Tuscany, belongihg to the families of the

Nymphaeaceae, Polygonaceae, Alismataceae, Cypegraceae,

Oenoteraceae, lridaceae, Labiatae, Borraginacede, Typhaceae.

M - v ! ) " . : . A M N A
lhe seeds of -Cyperwus Papvrus and Cvoerus flavescens came from

the edge of the River Anapo (Svracuse) where these plants.

have grown easily right from the time thev -were introduced .

by the Saracens (Arabs - Trams).



_5-

Of the species examined by us, only'those belonging

to the genus Pblygonum, Nelumbuim and NxmphaeaAafe true water

~ plants (Hydrophytae). This last génus,lfrom the‘point,of

view of vegetable geographic association belongs to the

order of Nupharetum. All the other species considered '

belong to‘the Helophytae. In'particular with regard to

the plants, the geographlc assoc1atlon Sc1rpeto-Phragm1tetum

comprises the genuses Sc1rpus, Typha and Cladium,

while the genuses Rumex, Iris and Al;sma belong to the

Glycerietpm aquaticae and the Cyperus to PapYretum. The

genus Carex forms. part of plants that ‘live close to the

 small reeds ( association Magnocaricetum) while the genusés

Lycopus, Epilobium, Symphytum and Myosotis are part of

amphibious»plants that exist.qn the banks of streams or along

the ditches of fields. | |
With regard to the composition and the analytical

charécteristics of the fats extracted from thé seeds

being examined by us, the literature available refers only

to the data already noted by‘us~onithe seeds of szghéa

‘andAdf Iris (15), those by H.A.Schuette and L.Gagneron (16)

and by J.R.Clopton and R.W.Von Kadﬁ‘ (17) on seeds of

Typha latifolia and those of R.Kleiman, F. R.Earle et al. (18)

on fats of seeds of Symphytum-officinale and Myosotls

sylvatica which showed the presence>non—conjugated<

—n egegieay smARaAD. AT PR T Yy (AP P E e YTy g TS rh e[, v st s
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‘tetraen01c acids. o

The oil was extracted from seeds which were previously -
desslcated at 70°C and finely ground using petroleum ether
(fractlon 50-6093); on SOxhlet. " The etheric extracts
appeafed on the whole oily and of a color ranging from .

bright yellow to brown. Some of these and especially

those aervived from the seeds of Carex lelca -and

C: flava, frcm‘Gyperus, Polygonum, Rumex Nymphaea and
Typha shoWed'a wax-like consistency and_generally a llght
brown color, ‘ ' |

In.table I is reproduced the analysis on the seeds
and the fundamental analytical characteristics of the oils

extracted together with values of specific extinction in

the U.V. field at 232, 262, 268, 274 ad 308 mph and of ‘the value |

ofzﬁi& K measured @n pure fatty acids (19). From the data
in the table it appears that the(seeds being examined
coﬁtain .small quantities of total_nitrogen (varying from

'1.11 to 3.77%); the ash content is somewhat variable and

reaches a maximum of 17.7% in the seeds of Carex dioica,
while the extract of ether is somewhat modest; being 1.2%

in the seeds of Nimphaea coerulea and going ﬁp to 9.9% in

those .of Iris pseudacorus. Only in a very few cases and

specifically in the seeds of Epilobium hirsutum, Lycopus

europaeus'and Myosotis palustris, the ether extract
reaches somewhat high values, being respectively 21.6,

23.2 and 33.8%.

o i e iy ey LS




The content in nen—saponifiabie fatty substances,

determined according to the official methods of analysis

 is; with very few exceptions, very hlgh and reaches

L1, O% in the extract of Nymphaea coerulea ‘and the values

of the pure fatty acids vary correspondlngly.' As we
have already noted in the case of cher seeds (h 5 6)
some partlcular case we may flnd a con31derable dlfference

between the sum of the values of-the_non—saponlflables -

~and of the total fatty acids, and the content of the ether

extract may refer to the presence in the extract:of volatile

or soluble1SUbstances which are removed by the non-saponifiables.

The refraction index at 25OC in cases where it was

’poss{ble to effect it, varles from l 4703 to 1. h883 whlle
the number of iodine of the total fatty 301ds shows

.naturally considerable variations owing to the total.

unsaturstion of‘the different fats. The saponification
number; instead, hss'enly.limited variatioﬁs, remaining between
183;2'and'l96.9.

The values of Specific extmiction,in'ﬁhe'U;Vf field
measured of the fatty acids dissolved in cycLohexane show

in all the fats,‘except those from the seeds of Cladium

Marlscus and Rumex aquatlcus the presence of more or less

’hlgh quantities of conJugated doubles, ‘which calculated

by the noted formulae of Brice and Swain reach a maximum

value of around 10%'in the oil of seeds of Carex pendula.

In some cases further, . there are found also small quantities
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of conJugated trlples shown up by values oflﬁLK th1s was so

in the case of fats from the seeds of Polygonum amphlblum,

- Alisma Plantago, Lycopus europaeus and Rumex aqatlcus, but

these never exceeded 0. 25% while we were unable to find

congugated trlples in Nxmphaea and in Iris. pseudacorus (15)

3. The fatty acids separated-from the etheric extracts,

' methylated.h1aphial with methylic alcohol and zinc chloride,

" according to the official Methods were later analyzed by

means of_gas~chromatography using a*"Fractovap model C®

.apparatus'with thermo-conductivity detector and.columns of 2m.

filled with.ﬁWeas",.utilizing-helium_as the carrier gas.

The acids were identified in the chromatograns by
means of the‘number of carbons and determined quantitatively
through 1nterual normallzatlon. -

" The results obtalned are reproduced in Table 2, to-

.gether with ‘the values of the ratio of oleic ac1d/11nole1c

acid and unsaturated acids/saturated'acids.A In Fig. 1, in

order to demonstrate this, we have reproduced the chromatogram

of the total fatty acids present in the seed of Szmphzt

‘ offlclnale.

- An appralsal oi the data in the table shows very marked

dliierences in the ac1d1c composltlon of the 0ils of the

dlfferent water plants, these: dlfferences are both qualltatlve
and quantltatlve dependlnb upon the SpGCleS and the family to
which the plants belOng. The range of the fatty acids present

appears cousiderable even if from the point of view of quantity,

" the most important unes were always palmitic acid, stearic acid,

oleic acid, liunoleic acid and sometimes linolenic acid.
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‘ Table I - Analytical characteristics and U.V. spectromphotometry ‘o:;ls~extract,ed.from seeds of defgnt:

‘analysis of the seeds/ Analysis of The Oils
. : : (Values on. s.d L MR
* Bpecies & botanical Azoto Estratto | Insaponi- | ~ Acidi Indice N di - ' .
p Famil - |totale|CT™| “ctereo | ficabile | grassi | rifrazione | iodio | NiS2P% | Ky | Ko | Ko | Km | Ku | AK
LY .- % % % puri % [  a.25'C Wijs -, ) .
) | Hydrophytae ‘ . S . . ! ‘
1 | Nelumbium speclosumL (Nymphaeaceae) 2,20 - 6,2 16,8 782 1,4735 70,2 186,0 2109 820| 796 742 312| + 0,15
2 . | Nymphaea coerulea Sav: (Nymphaeaceae)] 2,18 31 1,2 41,0 573 — . 86,1 1911 2985 68| 653| 642| 1250 — 0,08
3 | Nymphaea stellata Casp. (Nymphaeaceae) 2,25 i 441 17 . 352 455 | —_ - 89,4 ) 191,7 1292 427) 394} 377 251 — 0,08
4 | Polygonum amphibium L. (Polygonaceae) 18 | 3 29 ’ 236. - 58,1 - —_— 113,7 © 1923 228 954| 11,67 _ 9,89 8551 + 2,00
" | Helophytae o o ' ) . C , o ) . o g
5 Alisma Plantago L. (Allsmataceae) .1 L76 42 56 ¢ . - 95 794 . T 14883 184,5 1832 1572 2621 3421 221 120 + 1,01
. 6 Carex dioica L. (Cyperaceae) . . .| 166 |.-17,7 . 50 12 . 76,0 —_— 1325 1915 17,141 5351 500| 464 214 o
7 Carex flava L. (Cyperaceae) . oL 6,0 25 | 348 61,9 ¢ - 1,4791 . 103,2 191,2 20,681 3241 2931 2,77| 139 — 0,08 -
8 Carex pendula Huds. (Cyperaceae) .l 1,92 49 1. 80 25 . - 89,7, 1,4789 146,2 191,1 9833 19,16) 1880 | 1830 6,66) +4.007 -
9 Cladium Mariscus R.. Br. (Cyperaceae) | 125 | 3.8 5,0 - 44 , 9038 . 14703 977 190,7 6374 246 238 229 1,10 4 0,01
10 | -Cyperus flavescens L. (Cyperaceae) . .| 267 ;. 34 8,1 . 173 493 - 516 | 196,9 3631 | 14,66] 1520 | 14,521 1047 | + 061
o 11 | Cyperus Papytus L. (Cyperaceae) . .| 307 79 36 |-, 181 - 61,7 - 983 - 187,01 .| 40,00 | 1472 1454 | 1420 2063 + 0,08 .
co 12 -} Epilobium hirsutum L. (Oenoteraceae)| 3,77 15 ‘26 | . S3 - 832 - 14148 1244 ©193,1 6762 | 1987 1823 | 1700} 9,22 — 020 _
: ‘13 ' | Iris pseudacorus L. (Iridaceae) . . .| 248 | 42| 99 - 338 - . 512 ¢ 14827 116,1 - S 191,0 2459 | 11,76 | 11,76 | 11,76 7,10 ©
14 Lycopus europaeus L. (Labiatae) . .| 226 64 | 232 -} ° 126 781 - 1,4832 - 1845 . 1833 . | 18,57} 428; 538 428 202{.4 110
. 15 Myocsotis palustris Hill. (Borraginaceae) | 2,65 | 115 338 . 21" 63,7 | 1,4765 - 65,3 191,5 2929 | 13,78 | 1331} 12,61 841' 4 0,12
116 Rumex aquaticus L. (Polygonaceae) .| 2,22 231 ...28 20 ‘150 | 14754 . 1005 191,1 838 I 996| 1090| 925/ 2,54 4 130
17 | Rumex sanguineus L. (Polygonaceae) .| 1,98 39 1,4 240 ] - 662 —_ 988 | 1916 . 19,12 | 1147 11,47 1147 983 0
18 | Scirpus holoschoenus L. (Cyperacede) .| 135.|. 52 35 16,9 -, 69,8 = 109,6 1903 5208 | 446 446 446| 232 0
19 | Scirpus lacuster L. (Cyperaceae} . .| 1,12 29 1. 34 134 82,7 L= 1440 1909 2091 ( 431§ 397 375{ 091 — 006
[ 20 | Symphytum officinale L. (Borragmac) 229 | 129 57 41 .- 872 | - 14725 | . 607 1940 1930 917|.901 870 3,16| + 008
21 ' ‘Typha latlfoha L. (Typhaceae) . . 191 | 108 | 17 - 18,8 58,1 C = 952 } - 1914 ' 33,4_5 _ 890 | 8,00 -745 2,76 | — 0 17
. 2. J ;, ,‘:: Lk LM ) . PN . L N g Lo 2 ’ L. - . ...._'____. .
Tot ther |Non- |Pure Refrac- |loding Saponi-
Nitrog xtracfSaponitFattiy] tionlﬂg . No. | fication SR
iable{Acidg at 25 - No. ; o
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TABLE 1II
N L ‘ L T R - ' olelcanséthl'-“
Acidic comn051tlon, percentage wise of 0113 ext_rjacted from the seeds oi water piants 1 iBelratod
N BO?T_arﬁQa 1 Species C. | .Cy 'Cu_ Cs | Cs | - Cs [Ci™ | Cy Cy~ Cu Cw | Cy ™ [Cu| Ca Cy” Cy sz__ C " Ca :oieic sau'_ré[tei
Hydrophytae ‘ ' . . .
1 | Nelumbium specxosumL. tr. tr. ' 19,2 tr. | 19 tr. 28 | 701 6,0 tr. | - . 11,6 3,1
2 | Nymphaea coerulea Sav. . tr. : .| 19,6 tr, | 99 | 265 | 354 0,6 4,7 0,6 1,5 1,2 0,7 1,7 i
3 | Nymphaea stellata Casp.| - 03 02 02 01 | 16,2 0,5 19,1 |.169 | 30,1 6,6 2,1 6,2 13 0,5 -1,5 :
4 | Polygonum amphibiumL.| 0,3 1,0 04 | 01 | 127 | 48 0,3 27| 294 | 400 521 09 13 09 0,7 40 3
Helophytae ‘ . : : ) ’
51| Alisma Plantago L . . 0,5 0,2 13,1 : : 1,9 | 122 18,7 | 524 | . 0.2 038 1. 06 50 -
6| Carex dioica L. o 0,1 01 . 8,0 .24 02 | 36| 168 | 672 9,6 0,2 0,1 0,7 . 0,2 56
*7 | Carex flava L.- o 04 tr. 0,1 196 | 02 0,2 37 248} 41,7 1,9 1,9 2,6 20 1 09 0,6 2,4
8 | Carex pendula Huds 001 03 ] 58 tr. 0,1 06 |- 153} 76,1 04 0,4 0,7 03 0,2 12,2
9 | Cladium Mariscus R.Br.| - 7,5 : -] 07! 704 | 202 |- 07 tr. 0,5 ir. 35 | 111
10 | Cyperus flavescens L. . 03 0,6 41,1 15 ] 05 .50 | 343 100 36 310 tr. 1 .34 10.
11 | Cyperus Papyrus L. .| tr. tr. . 10 | 100 | 08 0,5 24 | 241 | 434 02 | ‘45 1,7 9.4 . 2,0 05 .| 30
12 | Epilobium hirsutum L. 03 02 17,0 05 | 40 | 97 | 660 0,6 1,7 . . oY 33
13 | Iris pseudacorus L., . 0,1 ’ . . 73 03 1,1 | 46,2 | 44,1 tr. 0,9 tr. . : . 10 9,5 -
14 Lycopus europaeus L..| = | 1tr. . .1+ 70. i0,3 0.2 21| 123 ] 339 | 438 v 04 | . . ’ 03 96 ) )
15 | Myosotis palustris Hill. : 1,0 | 1704 | 27,6 02 | . . 63 | 410 8,1 37 ). 32 20 | . 31 34 (- 50 13 - 0 .-
16 |.Rumex aquaticus L. . q tr. ' . 13,6 tr. . . S 21| 530 [ 251 241 06 10 . 22 1. 2,1 44 1 -
-17 | Rumex sanguineus L. . . ) 14,6 - 1,71 642 1,154 1,6 0,2 1,5 03 05 | . 4,2 49 i
:18 | Scirpus holoschoenus L. 0,2 0,1 149 | tr. 29 | 229 ). 508 , 28 26 131 151 04 30 -
.19 | Scirpus lacuster L. ‘ tr. 50| 04 . 01 03 | 21,0 ;. 720 e 12} tr. ‘ : : 03 178 : 1
20 | Symphytum ofﬁcmale L. 01 - 01" 33,3 02" ’ 75 | 4,27 171 3,1 1,4 43 1,7 o 57 13 i
;21| Typha Ilatifolia L. . . ~ 04 L 02 o 140 | tr. 1,0 10 |40 2187 429 04 |- 13 0,6 35 1.09.1 20 06 |28 i
- - e i *f
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These are met with also in many cases:myristic acid, . -

palmitoleic acid, arachidic acid, eicosenoic and behenoic .

acids while more rérely_do.We find also lauric acid
.myristoleic acid pentadecanoic acid, péntadééeﬁoic'acid,
heptédécanoib écid, heptadecendic acid, -erucic acid,>iA
lignoceric acid and in the fats from seeds of Runmex

sanguineus, Scirpus holoschoenus,'and'Typha-latifolia,

an acid that may be related on the basis of the time

of retention, to a 022 with two double bonds.

FIG.I Gaschromatograph of the total fatty acids

present in the seeds of Symphytum'officinale,.
made using a "Fraétovap'Mcd. C." apparatus,
with thermo-cbnductivity detector. UWuantity
injected; ifF/l.>COIumﬁ of 2m, @ 6x5 filled with
"Wéas", carrier gas used, helium; temperature
.of evaporator BOOOC; temperature of the cqlumﬁ

210°.

P e e i et




From a quantitative point of view . the acids -

mainly represented were, in almost all the species examined

‘[bleic énd linoleic acids,~thé forméfreaching the #alue of .

70.4% in the oil of Cladium Mariscus and the latteru76.l%

in - the oil of Carex pendula. -OnlyAin‘the fats of

Alisma Plagtago and Lycopus eurbpaeus,the acid preSent in

a highér quantity pfoved to be linolenic acid, which
reached the values respectively of 52.4 and 43.8%, and in

that of Cyperus flavescensthe‘palmitiﬁ acid conﬁent was

41.1%. All the other acids were present in considerably
smaller quantities. ' Stearic acid had a makimum‘valué of

19.1% in the fat of . the seeds of Nymphaea stellata,

arachldlc of L.7%. 1n that of Nymphaea coerulea elcosenic

of 6. 2ﬁ in the llpldS of Nymphaea stellata and behenlc of

9 L% 1n those of Lyperus Rapyrus. .Among the fatty acids

present eratically, we noted 4.8% of palmitoléic acid in

the lipids of Polygonum amphibium, 3.1% of erucic acid

and 3.4% of lignoceric acid'in'Myosotis palustris.

Considering now the different species, it is

interesting to note that the HydrOpHytae examined had

all of them sémewhat low quantities of linolenic acid and.
rather‘high values .of saturated acids as we canAsee‘from
the ratio of unsaturated./ saturated'acids which never
exceeded &. |

In the Helophytae, instead, the-unsatufated acids

were present often in rather high quantities (value of the

ratio of unsaturated / saturated acids reached 17.8

)

e g A b T Y AL R A
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in the case of Scirpus Lacustef)w The gxgggagegg atbeéiallv had

~all of them more or less high values of behenic acid, while the
quantitiés related to oleic and liholéic écids didvnoﬁ avpear.
with any regulariﬁy.. _

In comparlng the results obtalned by us with those in
the llterature on the subJect we noted marked differences

'eupe01ally in the case of Borraglnaceae (Symphytum and Myosotls)

'probably as a result of the dlfferlng condltlons of the amblent.
| In -the oilé fr§m the seeds of thé aforésaid'species, we
were unable to find any trace of ﬁetraenoib acids; ﬁhich hadv_
instead béen recorded by the authors cited above (18). |

On fats extracted from seeds free in.puré ¢arbonié sulphur for
purposes of spectroscopy, infra-red specﬁrums were also made

from 1 to 16 p,‘ﬁsing the "Beekman 1. RS5AM apparétus.

Srala e O Soalpeyrmoar. bt . I e ovpar

"Eing - Infra-red spectfum of dil-frbm seeds 6% Carex dioica.
uSolution at 1% in Cé‘<. Thickness oi the flask O Smm.
Speed of recordlng l P/mln. | _

In Flg. 2 is reproduced the I.R. spectrum of ' the oil

from the seeds of Carex dioica. The greatervpart of the oilsﬂ

examined showed a rather simple spectrum, so characteristic of
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vegetable oils in general. It must be pdinted out,

however, that the oils from the seeds of Symphytum

officinale, Alisma Plantago, Scirpus holoschoenus,

Epitobium hirsutum, MYOsotis palustris,showed a peak at

2.70 M typical of the presence of free hydroxyls;

those of Carex flava, Carex pendula, Nymphaea stellata,

Lycopus . europaeus, Aiisma rlanta;;o showed tops at 11.0

and 11.6”5 characteristic of epoxidic forms,.the

lipids of the seeds of Scirpus holoschoenus, Alisma

Plantago, Syuphytum officinale, Nymphsea stellata,

Cladium inariscus showed_peaks at 10.20 and lO.é'R,
This may be tne index ol the double conjugated ciSetrané‘
found also by L.J.Morris and N.0.Marshall (20) in the

oils of Dimorphoteca sinnata e (Crepis rubra. The olls

ol Lvcopus europaeus, Epilobium hirsutum, lMyosotis

palustris e Cyperus flavescens also showed « peak at

10,36 K related to the isolated trans double bhond.
In conclusion, the analysis made on the total
lipids of a group of water plants has enabled us to

draw the following conclusions:

a) Fof the very first

~ time it was possible to determine the analytical

Acharécteristics and the acidic_domposition of the

oils derived from the seeds of 16 species of water plants

belonging:to &) different'families. |
b) An examination of the

U.V. siiowed the presence in the greater part Qf the fats,
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of cbnjugated'doubles and scmetinmes. of conjugated trebles

" while the infra-red spectruns sometimes showed peaks related

to the presence of hydroxyls, epoxidic fofms.and transA
fatty acids. | B . |

c) The acidic composition
appears very different.in the Qarioﬁs species and
families. Water plaﬂts<showed generélly they had
high quantitiés ofvpolyunsaturated acids éveh if the
analysis made by us,did'not show the presence of
tetraenoic acids. |
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