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INTR:ODUCTION 

Phytoplank1lonic ·org,an:iisms ,as autotrnphs ~ue -the main prodJUcers ,of ·organ-:
ric ma,tter, and wLs10 ,the has,Ls ,of ,al:mo;st a'l1l 1Jhe nutni'tfon cha:ins in the sea. 
To be-tter characterize tnis first link in the nutrition chain it ,is necessary , 
~n addiiti'On to o thers, fo .k>now theiir chemicaJ compooiJtLon. 

B ran d t (1898, 1919) was the fiirst who examined the chem-ical compo
s.htJion of marine 1p\J.ainikiton. Otheir autom, ,among whom are V :i n ,o ,g 1r a do v 
(1927, 1938), . V i to ,k (1964), C o r ne r (1961) and P l at t and I r w i n (1 973) 
alao 1studied thi1S problem. Ln the studied samples ,one phy,toplanktornk speciie:s 
dominated, so the autors attributed all the characteristics of the sample to 
this one predominant species. The researches were canried out as to the 
carbohydrate, lipid, protein, and the [norgan:ic constituents such as siliicic acid, 
ch1orine, phosphorus, caktum, iron et al. The seasonal and yearly changes of 
the chemical composition were a,lso studied. 

Recently, in order to better cha,racterize pirnteins, many authors have 
examined the contents of amino adi:ds in the phytoplankton cultures (Je f
i r i e s, 1969; Chau, Chuecas and Riley, 1967 ; Chuecas and Ri-
1 e y, 1969), and also in the marine phytoplankton samples (C o w e y and 
C o r ne r, 1962, 1963a, 1963b). 

We have no data on the chem~cal composition of the phytoplankton in thc 
Adr,iatic Sea. There are on~y the da1Ja ,of ithe p.rehlminia,ry ·examinations on ,the 
chemical composition of the zooplankton samples (Vuče ti ć, Dam j anić 
and Č u b r eto v a ć, 1969). 

The mau.n ;pu:rpose of thLs w,ork was ito determine ,the lbfrochem1i1oal compo
sit,i,on of ithe phyit0,p1la,nik,toruic pop;ui}a!tlionis frocrn ;the Ka'š•tela Bay. Thi~s w.as ,on:ly 
,a ;prel1rn1nary woirlk, ,allJd the T•esearches ,are :to :be c,ontinued !i.111. 10Tder ,to ,o.btawn 
more data on the seasonal changes in the mochemical composition in relatfon 
to the succesions of the phytoplanktonic populations. 

METHODS AND TECHNIQUE 

Samples were collected during the September 1969 in the Kaštela Bay 
near Split, 50-60 m from shore, by towing horizontally at 1-1,5 m depth 
a Nansen's net (smaller c:Jlimensions) with mesh size 50,u. 

The mic:voscoip1ic ,ana'ly!Silis dlid not reveal ,any c10nruderab>Le quantirtiies of 
zooplankton in the samples, so the obtained characteristics of the samples 
were considered to be phytoplanktonic exclusively. 

Appr.oximately one hour after sampling the samples were washed with 
destilled water and concentrated by centrifuging at 6,000 r.p.m. Thus obta,ined 
suspension of phytoplankton was stored 'in the da:vk at -20°C. After the 
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foozen samples had been lyophrilized, the dry material was stored in sealed 
glass vials in a desiccator at 0-5°C. 

Within the work on the determinatlion of the biochem:ical composition the 
content of ash, water, Hpid, carbohydrate, protein, free and total am'ino acids, 
pigment were determined. 

The wiater conten:t din ,the isarrnrplle was dete,rmmed by dryling •the isample 
in the oven at 105°C to the constant weight. Weighing,s were made after 
cooEng in a desiccafor . 

. To determine ash content phytoplankton sample was ashed to constant 
weight in a crucible at 500°C 1in a muffle furnace. Weighings were made after 
cooling in a desiccator. 

The ·1i1Plid content w.ais determined •accordiing lbo the method of B 1 d: g h t 
emJtl D y e ir, 1959, 'Usiing the 1 : 2 : 0,8 cMur,oforim. - methaniol-water mix•ture for 
the extract!ion. 

The amount of carbohydrate was determ1ned in the hydrolysed phyto
plankton sample using the GOD-Perid method (W e r ne r, R e y and W i e-
1 •.i n g ,e :r, 1970). Phyfo,planikton ,s,ample wais hydriaily,sed :by add,ing 10 ml oonc. 
H2S0r, to one gramme ,of ,sample and refluxing for period of 10 hours. After 
the cooling the sample was neutraNzed with NaOH and filtered through a 
quantitative :fiilter paper (blue-ribbon) to remove the remains of the cells. 
Yellowish colour was removed by boiling the sample with active carbon. 

The content of free glucose in the cellular extract was determined. Cel
lular extract was obtained by crushli.ng one gramme of the lyophylized sample 
w.ith approxii.m,ately ,tw,o gr.arome wet a,il.umi.rn.1i1Um ,oXJide .and 1 ml 0,1 M ,p'hos
phate buffor pH = 7,0. 1\/liiXiture w.ais ce:ntrJ:fiuged at 0°C at 15,000 r.p.m. 
·Aluminium oxide settled on the bottom ,of the centrifuging cuvette, above it 
a layer of uncrushed cells and cell membranes, and -on· top a viiscous layer 
of the cell eXitract were formed . The cellular extract was separated and the 
aluminum oxide was washed twice with about 3 ml ,of phosphate buffer, 
and ag,atin cerutrifuged. The 1amo11.mrt; of free-gluoose !im. celilular ·exitr.act wa,s 
determined using the GOD-Perlid-method. 

The ipmteun conternt was cail.cu:lated 'by mul,tiplyu,ng the 1lotall n-itrogen 
content with the 6.25 factor (S tri c k 1 a n d, 1960). 15-25 mg of the lyophi
lized sample was used far the determiinati1on of total nitrogen content using 
the I\IIarkham semi-micro apparatus. 

Free amino acids were determi:ned according to Je f f r i e s, 1969, usiing 
the Amino Acid Analyzer. About 3 g of the lyophilized sample or about 30 g 
of the suspension (3 g of dry weight) were used. 

Total amilno acids were determined iin the hydrolysate of the sample 
accordlng ,to the method of Mo o r, S p a c km a n and Ste i n, 1958, using 
Amino Acid Analyzer. Ac:id hydrolysis was carr~ed aut by heating the samples 
w,ith 6N hy,dmch1o,r:ic ao1d fo,r 24 hJ01.1Jrs in ev1acua1ted ,se.aled via11s at 105°C. 
The quantity of acid used was of the order of 3,000 times the weight of 
protein (as astimated from the nitmgen analysis). Hydrolysates were :fiiltered, 
evaporated to dryness under reduced pressure at 60°C, then dissolved 1in 0.2N 
sodium ci trate pH 2.2 (Mo ore and Ste i n, 1954) and made up to the 
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required volume. Two milliliters (0.03186 g dry weight) of this soluhon was 
put on the column of the Amlino Analyzer. 

The pigments were determined accordiing to Stric k 1 a n d and Par
s on, 1965. About 2 g of sample was extracted w:ith 5 ml of 90% acetone. 
The characteristic extinctions were determined at several wavelengths and 
their values were iintwducted ~,nto ,the equaitinrus 1to oail.c-uilaite ,the ooncenrtra
tions of the pigments. The values of the ch1orophyll »a« and )) b« concentrations 
were expressed per 100 mg of dry weight. 

The S a m i š e v, 1970, method was app]ied for the determinatiion of the 
calorific value of the sample. 

RESULTS 

Water and ash contents: 

There is an average of 3% of water d.n the lyophil<ized sample in spite of 
iyophilizatiion. 

To1tal a:sh as percent,age ·of dry weight was 74,5 ± 0,3%. 

Total nitrogen and protein contents: 
'I1he value -of tot•a•l 111iitrogen as percentage of dcr-y weight wia:s 0,57 ± 0,05%. 

On the assumption that all the body nitrogen was present as protein, and that 
proteins contain on an average 16% (factor 6,25) nitrogen, the ,protein equiva
lent would be 3,6 ± 0,3%. 

Free amino acids : 
The corutenit 1of :Eree amlino acLds was too ilow ,there:l\me lit was imie.d to 

determine them nat only on the lyophilized sample but also on larger amounts 
of a fresh suspension. Using Amino Analyzer 1it was impossible 1o determine 
any of the firee amino acids. 

The ,resu1ts on t·otal amino acid,s determinations are given in Ta b 1 e 1 

Ta b 1 e 1: Amino acid content in the phytoplankton of Kaštela Bay. 

24 hour hydrolysis 

mg amino acid/ % amino acid/ % amino acid to 
100 g dry weight 100 mg protein • leuc,ine (1.000) 

ASP 127.86 18.031 1.624 
THR 45.26 6.383 0.575 
SER -37.83 5.335 0.480 
GLU ::.5.74 2.219 0.199 
GLY 71.76 9.739 0,877 
ALA 66.82 9.423 0.849 
VAL 106.60 15.018 1.353 
MET 19,39 2,729 0,245 
ILE 51.15 7.213 0.649 
LEU 78.70 11.098 1.000 
TYR . 36,23 5.109 0.460 
PHE 49.55 6.522 0.587 
LYS 61.40 8.658 0.780 
HIS 17.06 2.362 0.212 
ARG 47.03 6.632 0.597 

Total 832,38 
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The ex1Jerimental results showed that 100 mg of dry weight of the sample 
contained: 832.38 /tg amino acids, 709.21 µg proteins, 113.20 /tg protein nitrogen, 
and 550 ,ag total n!Ltrogen. 

Lipid content: 
By desiccating the sample extract above the phosphorus pentoxide in the 

de&iccator the Jiipids in the amount of 1.33 ± 0,4% were found. 
Carbohydrate content: 

In the hydrolysate of the sample there was 11.5 ± 0.8% of glucose per 
dry weight, and in the cel,l extract 0.3 ± 0.04% of glucose per dry weight. 

Pigments: 
T ,a ib rl e 2 ,shows rthe characteriiistias exttinot1ons of the prigment ex1trac,t. 

Ta b 1 e 2: Extinction values of the pigment extract at some characteristic wave
lengths. 

\Vavelengths (A) 7500 6650 6450 6300 5100 4800 

E 0.185 0.120 0.110 0.108 0.180 0.270 

By wntroducing ,these va1ues 1inrto the equa!tinns (S t r :i c k ,1 a n d and P a r
s on, 1965) the values for the chlor-ophyll »a« and »b« were obta1ined, but the 
chlorophyll »c« courd not be caluculated with this method. 

(1) Chlyorophyll »a« concentration according to Richard = 0.963 mg/100 dry 
weight 

(2) OMomphyil.J »1a« concentmti-on accordiiing to Par,son ,and StricJk}and = 0.758 
mg/100 mg dry weight 

(3) CMomphyH »1a« eoncentraiti'on ,according fo Humphrey ,amd J,effrey = 0.880 
mg/100 mg dry weight 

(4) Chl,ornphyH »rb« ooncern,trartiion .acco·rdring rto Richa,rd = 0.625 mg/100 mg diry 
weight 

(5) Cho!lorrciphyll »1b« concentrartion acoo,rd,in;g ,to P,arnorn and Strkkiland = 0.787 
mg/100 mg dry weight 

(6) Ohi1'ornrphyll »b« concentr.aitLon accrn'>diing to Humphrey ,and Jeffrey = 0,903 
mg/100 mg dry weigt. 

Calorific value: 
The calo:rific value of the sample was 314 cal per 100 mg dry weight. 

DISCUSSION 

The examlinaitii:ons ,of the chemfoa,l co1mpos1i1tiion of the lyoph:illii.zed planikton
ic .sia:mple re,v,ea[ed the presence of g,reat .armount of rinorgarnic matter (74,5%). 

The high value of the inorganic matter in the sample was probably due 
to the presence of the traces of the electrolytes, that could nat have been 
removep. in spite of haviing been washed with distilled water. The content 
of the ~norganic matter was increased also by the calaium a:nd s,ilicium 
content 'in the ooccolithophores and diatoms. The quantitatiive analysis of the 
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collected • phytoplankton samples showed that it consisted mainly of diatoms, 
which is characterilStic of the area (P u ch e r - Pet kov ti ć, 1966). 

One of the reasons far a high content of inorganic substances in the 
3ample could be also the suspended material in the sea. 

The examination of the net plankton samples, collected in the waters of 
the Plymouth Bay in September 1960, and fliltered through a 0.5-1.0 .u 
membrane filter revealed the presence of 40-60% of inorganic matter (C o r
n e r, 1961). The value& obtained by our exarn'imations could not be compared 
with the above values, because nets of var1ious mesh size were used. rt is 
st11ppo,sed 1thait whiiile ,s,ampliiing wiith a net ,of 50 1-i 1mesh ,Slize 'a co1Ils1derable 
amount of nannoplankton escaped and this probably resulteci in a reduced 
content of the organic substances in the sample. 

The organic matter ,ip the sample consists mainly of protein, carbo
hydrate arid hpid, so that their quantities can be compared with the values 
obtatined by ,some othe,r ,authlO'rs (T a b ,1 e 3). 

Ta b 1 e 3: Organic components in the 1phytoplankton samples expresed in percent 

per dry weight. 

Sample 

Kaštela Bay 
Sept. 1969 

Plymouth 
Corner, 1961 

Diatoms (Chaetoceros sp.) 
Brandt, 1898 

Dinoflagelata (Ceratium sp.) 
Ketchum and Redfield, 1949 

protein 

21.6 

10.1 

13.6 

carbohydrate lipid 

70.0 8.4 

66.5 23.4 

63.8 29.0 

85.0 1.4 

It can be seen firom Ta b 1 e 3 that the content of carbohydrate in the 
examined sample iis simlilar to the sample of Plymouth sea water, however, 
it conta1ins cons-iderably less hpid and more protein. 

The pr•otein content was determined from the total nitrogen by Kjeldahl 
and amino aoid n,itJ'.10,gen. The dilispa,nity between K,jeldahl ruiitrogen (550 µg/ 
/100 mg dry weight) and amino aaid nitrogen (113.20 1-tg/100 mg dry weight) 
was ·obtained. It may be due .to the presence of nonprotein compounds in the 
analyzed sample and because no examinations of cystine and tryptophan were 
conducted. The amount of the experimental mater.ial was nat . sufficient far 
separate chenrical methods for their estimations. During the hydrolysis cystdn 
is partly and tryptophan is almost completely destroyed. 

The content of the :free amino acids in the sample was below the detec
la,ble limit of the ana]Ltical method used so it could nat be determined. 
According to the literature data phytoplankton has a very small content of 
free amino acids. It was found ,in unicellulair alga Scenedesmus that about 
930/o of total niit:mgen was prese.nt in proteins, 40/o in vari:ous low mollecular 
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compounds soluble in water and only 30/o -of total nitrogen belonged to peptides 
and free amino acids (S t r ii c k 1 a n d, 1960). 

The c-ontent of amino acids determined in the hydr-olysate of the sample 
ca,n be ooimpatred with the res,ults 'Ohtaiiinied by C •o w e y and C ,o r ne -r, :J.962, 
who examined the phytoplankton samples from the Plymouth sea water 
T a b 1 e 4 shows the comparison of the 1relative molar quantities of amino 
ac~ds (leucine 1.000) in the Kaštela Bay sample and PJymouth samples. 

Ta b 1 e 4: Relative molar quantities of amino acids in the phytoplankton samples 
(leucine 1.000). 

Amino Sample from the Kaštela Samples of Plymouth sea water 
a cid Bay, Sept. 1969 Cowey and C o r ne r , 1962 

Aug.-Sept. 1960 Aug., 1961 

ASP 1.624 1.02 0.95 
THR 0.575 0.83 0.64 
SER 0.480 1.12 1.00 
GLU 0.199 1.04 0.95 
GLY 0.877 1.51 1.86 
ALA 0.849 1.24 1.27 
VAL 1.353 0.94 0.80 
MET 0.245 
!LE 0.649 0.67 0.61 
LEU 1.000 
TYR 0.460 0.38 0.21 
PHE 0.587 0.62 0.53 
LYS 0.780 1.06 0.62 
HIS 0.212 0.13 0.04 
ARG 0.597 0.57 0.52 

It can be seeen from Ta b 1 e 4 that the amino amd composition of the 
sample of the Kaštela Bay show certain diifferences from the amli.no aci:ds 
compo~1ltion of the Plymouth samples. 

The o.btained calorific value (314 cal/100 mg ash-free dry weight) is in 
accordance with the recently published values (206-374 cal/100 mg ash-free 
dry weight) P 1 at t and I r w i n, 1973. For example, the calorific value for 
the zooplankton is much higher (500 cal/100 mg ash-free dry weight) 
V i tok, 1964. 

CONCLUSIONS 

Frnm the obtained results it can be concluded that the examined phyto
plankton sample consists of a large quantity of rinorganic matter and a very 
f>mall quanhty of organic matter. 

Oorus1idePing the iratJi.o ,of the basic ·o:rg,anic chemical oonsititue,nts iirt; can 
be noticed that the content of the carbohydrate in the examined sample is 
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siiffili,la-r to thait in •the 1s.aimpile f.:riom the Plymouth sea wa·ter, however, ilt c-ontalins 
less 1,ipid and ffi()lre protein. 

In the protein of the sample there are mainly all the assential amino acids 
and the content of the amino aoids ~n the examined sample shows certain 
differences from the same content of the sample of the Plymouth sea water 
in the same period of the year. 

The calorific value was similar to the pub1ished values. 
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KRATAK SADRŽAJ 

No. 10 

Ova'j md je p:rvii JPOlkuša'j odiređiivanj ,a -osnovnog or,ga:nskiog kemij1skog 
sastava fato1Plankitona Jadr,ana. 

Ls,pi'tivan je l.iofil11i,zri.,ra,rui uz,o:11ak dioblijen ho1ru,z,01!llballnim povlač·enjem ;planik
tonske mreže (veličina oka 50µ) u Kaštelanskom ·zaljevu, septembra 1969. 
U ,uz,o,rikru su ,prevJadaV1aile dijatomeje. 

UzornJk 1je 1sadržav,a,o vehku ko1ič11nu ano,rgaooke :tvarli (74,5%). Org,anski 
d,1o ,u:w['!lm ee sastodaio iod 21,6% prnteiina, 70,0% ug1ljdikr0h1drata ii 8,4% 1Jipidia. 

U hiidrnlizatu :proteina, nakon 24-asatne hidrdl!ia:e, u,s'1Ja,niovljenr0 je: 932,38µg 
aminio ,kliiseJrina, 709,21 µg proteina, 113,20 µ,g rpro,teins1kog dušika ,i 550,00 µg 
ukupnog diu'šiiika n,a 100 mg suhe :tež,i,ne uz:orka. 

K,ai1o1ni,ona vrlijednio.st 1je 314 oa[ na 100 mg suhe ,te~ine ,uzm1ka. 


