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SUMMARY

Numierous acetates of flavonoids (flavones, flavonols and flavanone aglycones
and glycosides) have been separated and determined on silica gel, using four different
liquid systems (benzene-acetone; benzene-acetonitrile; benzene-cthanol; isooctane—
ethanol-acetonitrile) at temperatures between 45° and 0°. This -method has been
applied to the determination of analytically pure substances and fruit and vegetable
extracts.

INTRODUCTION

Flavonoids exist in almost all plants and can be present in considerable con-
centrations, e.g., in leaves. In the past, thin-layer chromatography was mainly used
for their analysis. Recently some workers have applied reversed-phase high-perfor-
mance liquid chromatography (HPLC) to particular flavonoids'— and to the flavonoids
in citrus fruit®, tobacco®, soya® and species of Larix” and Cedrus®. The great advantage
of the commonly used gradient elution process is the saving of time and solvents by
the direct injection of only a slightly purified complex extract, but expensive columns
are required. The lack of a preliminary clean-up, however, may lead to errors in
identification if only one analysis system is used.

Another possibility is to acetylate the compounds, the products being separated
isocratically on silica gel. The selective clean-up and acetylation method that is used
guarantees durability of the columns, definite identification and quantitative determi-
nation of flavonoids in plant material. Such a method is described in this paper.

EXPERIMENTAL

Apparatus

A Siemens S 200 high-performance liquid chromatograph (isocratic system
with an injection dosage of 20 ul) was used with a Pye Unicam LC 3 UV detector. The
column system consisted of a series of three stainless steel columns (each 200 X 3 mm
I.D.) (directly connected), packed with S-zm LiChrosorb Si 60 (Merck, Darmstadt,
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G.F.R.) Benzena-acetone, benzcne—aoctomttﬂc, benzcnc—ethanol and- isgoctanie~
cthanol—acctomtnle were used as moblle phasm The ﬁow-rats were bctween 0 8 and'
1.2mlmin. "0 -

A Pye Ummm SP 800 mstrument was used f‘or the detctmmatxon of the elec-
tronic absorption spectra of the three groups of compounds analysed (see Fig. 1).
Other equipment used consisted of an Ultraturrax (JKA, Staufen, G.F.R.), a Labo-~
fuge 3 centrifuge (4300 g) (Heraeus-Christ, Osterrode, G.F.R.); an L2 freeze’ drier
(WKF, Brandau, G F.R.) and a rotary evaporator (Heidolph Kelheim, G.F.R ) AII
evaporations were performed at a temperature not higher than 40"
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Fiz. 1. UV.spectrem of acetylated flavonoids (solvent: acetonitrile).
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.. Commercial products (see Table I) or compounds synthesized by Koeppen® or
isolated by our group were used. The eommercza! products usually needed chemunl
purm&mtxon-
" Solvents of analynmlomgent gmdc wcrc punﬁed with Extreluf: (Merck)
(always 1 I per column).
Polyamide SC G was obiained from Macherey I\agel & Co. (Duten, G.F.R).

Procedure
" Clzan up ‘of plant material*®-** The matenal was hcmogemmd thh methanol
in an Ultraturrax, followed by centrifugation and a triple methanol extraction of the
remainder of tissue. The methanol was cvaporated, leaving an aqueous solution,
then lipoid substances were extracted by repeated shaking with light petroleum (b.p.
40-60°). The aqueous extract was placed on a polyamide column, which was washed.
with water (S00-1000 ml). The flavonoids were eiuted with methanol (500—1000 ml),
and glucuronides by addition of ammonialt; the latter were not analysed in-this.
study. The eluate was evaporated to dryness; freeze drymg is posiblc aﬁct evapora-
tion of methanol. Finally acetylation was carried out. -
. Acetylation'*. Equal portions of pyridine and acettc anhydnde (2 ‘ml-per 500
mg) were added to the dry plant extract or to the pure substances; and dissolved with’
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stirring at boiling temperature. The solution was then cooled and allowed to stand.
Esterification was complete after several hours at ambient temperature (overnight)
or after 1 h in a drier at 70°. A 30-fold surplus of cold water was added, the acetates
being completely precipitated and are allowed to stand, preferably overnight in a
refrigerator (normally 1-2 k will be adequate). The precipitate was filtered through a
G-4 frit and washed with distilled water. Incomplete acetylation of the hydroxyl groups
was not cbserved in any experiment. The dry residue was eluted with 150 ml of ben-
zene-acetone (85:15). The eluate was evaporated to dryness and the residue, dissolved
in a solvent and suitably concentrated, was then subjected to HPLC.

RESULTS AND DISCUSSION

Table I gives the retention times of the examined substances in different systems
bat with the same column. This comparison shows occasional reversal of retention in

TABLEX

RETENTION TIMES OF ACETATES

B/N = benzene-acetonitrile; BfA = benzene-acetone; B/E = benzene-ethanol; I/E/N = iscoctane—
ethanol-acctonitrile.

Peak  Compound BIN BiA BIE IJE[N
No. (85:22), (90:15), 100 bar (80:08), (70:16:3.5),
170 bar, - " 220 bar 155 bar,
45° 2 0 16° 45°
1 Naringenin 284 405 450
2 Hesperetin 300 459 483
3 Chrysin 309
4 Kiampferol 343 528
s Tectachrysin 362
6 Aczacetin 392
7 Quercetin 392 639 714 618 627
8 Quercitrin 446 : 639 785 699
9 Apigenin 447 674
10 Myricetin 448
1 Kampferol-3-glucoside 485 824 689
12 Robinetin 489
13 Kiampferol-3-galactoside 520 824 685
14 MyrTicitrin 520
15 Luteclin 541
16 Quercetin-3-ghicoside 583 Ti4 945 1040 808
17 Quercetin-3-arabinoside 600 1124 760
18 Quercetin-3-galactoside 623 T4 900 1025 803
19 Narirutin 1 700 950 870
20 Narirutin 2 707 1002 870
21 Naringin 1 708 942 860

Kiampferol-3-rutinoside- T4S 837 1026 1359 855

Rutin 832 954 1170 1680 990
Apigenin-7-glucoside 9i5

2
3
24
35  Spiracoside 320 1052 860
2%
27
28  Robinin 1000 1682 1030
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the four systems, which assists in better identification. Some examples of the sepata
tmu of standards are shown in Figs. 2-4. .
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Fig. 2. Separation of aglycones (for peaks see Table I; for conditions see Table IH).
Fig. 3. Separation of some standards (for peaks see Table I; for conditions sce Table HI).
Fig. 4. Separation of glycosides (for peaks ses Table I; for conditions sce Table I

TABLE D
DETECTION LIMITS OF ACETATES
Injection: 20 ul. Eluents: see Table L.

Conpoursd BIN BIE BiA I[EIN
(80:25}, 175 bar, 45° (80:1}, 180 (90:15), 160 (70 -16:6), %60 bar, 37°
bar, 17°, &ar, 20°,
300 nrm 312 nm 300 nm 335 nm 300 reme 270 mm

ppm s gpre ng ppm  ng ppmt  ng pgm ng Ppm L4

Naringenin 1.2 24 07 14 2 400 1.2 24 o3 6
Quercetin 0.5 10 05 10 1 80 05 16 05 10
Apigenin 075 1S 075 15 LS 80 05 10 -

Rutin s 100 S 100 10 500 s 100 106
Hesperidin 12 240 10 200 25 12 240 3 6

EBuwa
P
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Benzene-acetonitrile was the most suitable mobile phase, especially at 45°.
Measurements up to 285 nm can be made without difficuity, and flavanones can there-
fore also be determined. The extremely different properties of flavonoi and flavanone
glycosides on the one hand and of flavone glycosides on the other are useful from the
analytical peint of view. Benzene-acetonitrile (85:40) separated the fiavone glycosides
very well, whereas flavonol and flavanone glycosides have very short retention times.

Interesting results were obtained by cooling the column (Fig. 5). These results
could not be achieved by changing the flow-rate or the proportions of the ratio
components in the mobile phase. They are based on differences in the solubilities of
the saccharides (which are also acetates), which depend on temperature. Cooling was
employed equally succesfully with the other systems and plant extracts. Cooling could
also be useful in reversed-phase HPLC.

Benzene—ethanol often gave the best separation, but the sensitivity was lower
than with B/IN. Small differences in the proportions of the components gave totally
different retention times. With benzene-ethanol it was possible to separaie R- and
S-isomers of flavanone glycosides if cooling was applied (Fig. 6), but long retention
times resulted.

20°C F 10°C 5=C o*C

C U _ \

Min. 12 14 15 17
Fig. 5. Influence of cooling on separation (for peaks see Table I; for conditions see Table HI).

TABLE IIX

OPERATING CONDITIONS

Fig. No. Pressure UV wavelength Eluent Temperature

(bar) (rm) (see Table I) (°C)

2,4,8 180 320 B/N (85:20) 45
3 180 300 B/N(85:22) 45
5 160 335 B/A (90:15) See figure
6 220 312 B/E (80:0.9) 15
7 155 300/270 I/E/N (70:16:6) 45
9 180 300 B/N (80:35) 45

10 155 270 I/E/N (70:16:5.5) 37

- None of these cluents permits useful detection below 285 nm because of the
presence of benzene. Therefore, isooctane-ethanol-acetonitrile was used for the
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Fig. 6. Separation of R- and S-isomers (for peaks see Table I; for conditions see Table HI).
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selective detection of flavanones at 270 nm because there are specific possibilities of
determination at this wavelength, where flavones and flavoncls show a minimum
(Fig. 7a and b). The increase in the sensitivity of measuring flavanones at 270 nm,
compared with measurements at 300 or 312 nm, permitted the presence of flavanones,
flavones or flavonols in the examined extracts to be established.

Applications

Chromatograms of an exiract of tomato, an extract of celery'® and an extract of
orange juice are shown in Figs. 8, 9 and 10, respectively. Detailed studies of the
applications to tomato and orange juice will be published separately.

CONCLUSION

The expensive clean-up (in comparison with reversed-phase methocds) is offset
by the long durability of the columns. The use of the four mobile phase systems at
different temperatures and wavelengths mzade possible the identification of flavonoids
even in unknown mixtures.
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