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Quantitative spectrometric analyses of the contents of
flavonoids, tannins and total polyphenols in the aerial
parts of rock samphire — Crithmum maritimum L., collec-
ted from three separated geographic locations along the
Adriatic coast of Croatia in different growth stages, are
reported. The results point to variability of the analyte
content as a function of the growing site and growth sta-
ge. The content of flavonoids was found to be 0.08-
0.42%. The highest content of flavonoids was found in
the samples collected before flowering. The content of
tannins ranged from 0.10 to 2.65%, while the content of
total polyphenols varied from 4.72 to 9.48%. The highest
contents of tannins and total polyphenols were found in
the samples collected before flowering and at the begin-
ning of flowering.
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Rock samphire, Crithmum maritimum L. (Apiaceae), is a fleshy, glabrous, very bran-
ched aromatic perennial, woody at base, up to 50 cm high. Its leaves are deltate, biter-
nately or triternately compound, segments 1-4 cm, terete, subulate or subfusiform, acu-
te. The flowers are in compound umbels, very small, petals are obcordate with a long
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inflexed point, yellowish-green. The fruit is ovoid-oblong, ribbed, aproximately 6 mm
long, yellowish or purplish.

This plant can be found on cliffs and rocks or, more rarely, in shingle or sand by the
sea.

It grows on the Atlantic coasts of Europe from Britain southwards, the coasts of the
Mediterranean, the Black Sea, and Macaronesia (1-3).

The fleshy leaves of rock samphire are used as a condiment and pickle, or as a salad
ingredient and their nutrient composition has been recently investigated (4).

Chemical investigations of C. maritimum indicated the presence of essential oil (5-
15), flavonoids (16) and amino acids (17, 18).

This paper represents the first investigation of the content of flavonoids, tannins
and total polyphenols of C. maritimum.

EXPERIMENTAL

Plant material and chemicals

Aerial parts of C. maritimum were collected at the three separated geographic locali-
ties along the Adriatic coast of Croatia (Punat —45° 01' 15" N, 14° 08' 20" E; Zadar — 44°
05'30" N, 15° 13' 55" E; Korc¢ula — 42° 57' 30" N, 17° 08' 30" E), in different growth stages:
before flowering, at the beginning of flowering, in full flowering and in the fructification
stage between June and September 2000 and 2001. Voucher specimens (No. 99330-99349)
were deposited at the Department of Pharmaceutical Botany, Faculty of Pharmacy and
Biochemistry, University of Zagreb, Croatia.

Growing sites, time of collecting and growth stages are presented in Table I.
All solvents used were of analytical grade (Merck, Germany).

Quantitative analysis

The measurements were carried out using an Agilent 8453 UV-Visible spectropho-
tometer diode-array (Hewlett-Packard, Germany).

The content of flavonoids, calculated as quercetin in plant samples, was determined
by the method of Christ and Miiller (19). After acid hydrolysis (with 25% hydrochloric
acid in acetone for 30 minutes at 100 °C), the formed aglycones were spectrometrically
determined at 425 nm by creating a complex with AICI; in a methanol-ethyl acetate-ace-
tic acid medium (20).

The content of tannins and total polyphenols was determined by Schneider's me-
thod (21). Buffered plant extracts (pH 5.0) were shaken with casein for one hour. Casein
adsorbed tannins, both condensed and hydrolizable. The analysis was carried out spec-
trometrically at 720 nm after addition of Folin reagent.
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Statistical analysis

The content of flavonoids, tannins and total polyphenols was evaluated upon five
independent analyses and the data were expressed as means + SD. The significance of
the differences between-groups was determined by Student's t-test using the SigmaStat
(version 2.0, Jandel Corporation) program.

RESULTS AND DISCUSSION

Results of quantitative analyses of flavonoids, tannins and total polyphenols in the
aerial parts of C. maritimum are given in Table I.

Table I. Dried basis content of flavonoids, tannins and total polyphenols in the aerial parts
of Crithmum maritimum L.

Sample Locality Collection Growth Flavonoids Tannins Total polyphe-
No. time stage (%)2 (%) nols (%)3
1 Punat 2001. bef. fl. 0.37 + 0.020 2.65 + 0.03bf 8.26 + 0.04bf
2 beg. fl. 021 + 0.01¢ 0.92 + 0.03%8 5.54 + 0.03¢8
3 full fI. 0.27 + 0.02d 0.98 + 0.03dh 7.27 + 0.07dh
4 fruct. 0.11 + 0.01 0.30 + 0.05¢ 5.08 + 0.07¢
5 Zadar 2000. bef. fl. 0.28 + 0.02¢ 0.59 + 0.03! 8.83 + 0.05/m
6 beg. fl. 021 + 0.04f 1.94 + 0.05/ 9.48 + 0.06i"
7 full f1. 0.22 + 0.048 0.84 + 0.04km  6.70 + 0.04k°
8 fruct. 0.08 + 0.03 0.28 + 0.04n 5.10 + 0.04lp
9 Zadar 2001. bef. fl. 0.31 + 0.06" 0.78 £ 0.02f10  7.82 + (.076ir
10 beg. fl.  0.21 + 0.03! 1.08 £ 0.038iP  7.94 + 0.058i5
11 full fl. 0.27 + 0.05 0.33 + 0.03hk 6.18 £ 0.07hkt
12 fruct. 0.09 + 0.03 0.25 + 0.02r 4.85 + 0.04lu
13 Kor¢ula 2000. bef. fl. 0.31 + 0.01¢k 0.59 + 0.023 6.30 + 0.04mV
14 beg. fl.  0.14 + 0.04F1 0.60 + 0.03t 7.48 + 0.05"W
15 full f1. 0.16 £ 0.028™  0.40 + 0.03™%  6.24 + 0.070%
16 fruct. 0.10 + 0.03 0.10 + 0.02n 5.46 + 0.04PY
17 Kor¢ula 2001. bef. fl. 0.42 + 0.02bhk 039 + 0.04b0s 644 + 0.05b1V
18 beg. fl.  0.33 + 0.04¢i1 0.27 £ 0.03¢Pt 542 + 0.07¢5W
19 full f1. 0.38 + 0.034im 030 + 0.04du 5.84 + 0.069tx
20 fruct. 0.12 + 0.03 0.12 + 0.03¢er 4.72 + 0.0680Y

bef. fl. — before flowering, beg. fl. — beginning of flowering, full fl. - full flowering, fruct. — fructification
axtSD,n=5
by Statistically significant difference (p < 0.05) at the same growth stage at:

— different collection times at the same location

— different locations at the same collection time
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The content of total flavonoids ranged from 0.08 to 0.42%. Significant differences in
the content might be due to the growth stage and locality. It is evident that the samples
collected at the same locality before flowering contained the highest content of flavo-
noids. A consistent decrease in the content of flavonoids at the beginning of flowering is
also evident. The quantity of flavonoids in the samples collected during full flowering is
somewhat higher. The lowest content of flavonoids was found in the samples collected
in the fructification stage. Statistical analysis of the content for the samples collected at
the same location but at different time of collection showed a significant difference only
for the Korc¢ula locality in all growth stages, except the fructification stage. A significant
difference in the content of the samples collected at different locations was recorded be-
tween the Punat/Korc¢ula samples collected in 2001 and Zadar/Korcula samples collect-
ed in 2000 and 2001 for the following growth stages: before flowering, beginning of flo-
wering and full flowering.

The content of tannins (0.12-2.65%) and the content of total polyphenols (4.72—
9.48%) in the samples collected at different localities showed significant differences, e.g,
in the content of flavonoids, which points to a certain degree of regularity, depending on
geographic coordinates of the collecting sites, only for the quantity of tannins, which de-
creased from the north (Punat) to the south (Korc¢ula). The highest quantity of tannins
and polyphenols at the same locality was found in the samples collected before flower-
ing or at the beginning of flowering, whereas the samples collected in the fructification
stage contained the lowest content of tannins and polyphenols.

Significant differences in the content of tannins for the samples collected at the
same location but at different time of collection were determined for the Zadar and Kor-
¢ula localities in all cases, except the fructification stage. Statistical analysis of the con-
tent of tannins for the samples collected at different locations showed the following re-
sults: the samples collected at Punat/Kor¢ula localities in 2001 showed statistically sig-
nificant differences (p < 0.05) in all growth stages; there was no significant difference be-
tween Punat/Zadar localities only for the fructification stage; the samples collected at
Zadar /Kor¢ula localities before flowering in 2000 showed no difference, while the sig-
nificant differences between samples collected at Zadar/Kor¢ula localities in 2001 were
observed in all growth stages except the stage of full flowering.

Significant differences in the content of total polyphenols for the samples collected
at the same location but at different time of collection were recorded for the Zadar and
Korcula localities in all growth stages. Statistical analysis of the content of total poly-
phenols for the samples collected at different locations showed the following results: the
samples collected at Zadar/Kor¢ula localities in 2000, Zadar/Korc¢ula in 2001 and Pu-
nat/Korcula in 2001 showed significant differences in all growth stages, while signifi-
cant differences between samples collected at Punat/Zadar localities in 2001 were ob-
served in all growth stages except the stage of fructification.

The above results indicate high variability in the content of the investigated biologi-
cally active compounds. The aerial parts collected before flowering and at the beginning
of flowering were the richest in flavonoids, tannins and total polyphenols.
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SAZETAK

Kvantitativna analiza polifenola nadzemnih dijelova petrovca —
Crithmum maritimum L.

ZELJAN MALES, IRENA ZUNTAR, BILJANA NIGOVIC, MISKO PLAZIBAT i VJERA BILUSIC VUNDAC

Koli¢ina flavonoida, trjeslovina i ukupnih polifenola u nadzemnim dijelovima pe-
troveca — Crithmum maritimum L. skupljenim u razli¢itim vegetativnim razdobljima na tri
nalazista u Hrvatskoj (uz obalu Jadranskog mora) odredena je spektrometrijskim po-
stupcima.

Rezultati kvantitativne analize pokazali su razlike u koli¢ini istrazivanih, bioloski
aktivnih spojeva, koje su bile uvjetovane vegetativnim razdobljem u kojem se biljka na-
lazi te zemljopisnim poloZajem mjesta sabiranja. Ispitivani uzorci sadrzavali su 0,08—
0,42% flavonoida. Najveca koli¢ina flavonoida nadena je u uzorcima skupljenim prije
cvjetanja. SadrZaj trjeslovina kretao se od 0,10 do 2,65%, dok je koli¢ina ukupnih poli-
fenola bila promjenljiva (4,72 do 9,48%). Uzorci skupljeni prije cvjetanja i na pocetku
cvjetanja sadrzavali su najvecu koli¢inu trjeslovina i ukupnih polifenola.

Kljucne rijeci: Crithmum maritimum L. (Apiaceae), flavonoidi, trjeslovine, ukupni polifenoli
Farmaceutsko-biokemijski fakultet Sveucilista u Zagrebu, Zagreb,

Botanicki zavod, Prirodoslovno-matematicki fakultet Sveucilista u Zagrebu, Zagreb
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