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Introduction

Owing to its well-known advantages, — thin-layer chromatography (TLC)
has become a prevailing method for separating the chemical components ori-
ginating from the inanimate nature and the living organisms. This up-todate
branch of separation technique has so far not shown entirely its favourable
properties in the field of vegetable pigments. As a result of the chemical nature
of pigments, several problems are to be solved in the course of preparative
separation. It seems necessary to claborate some methods with which the
extraction of pigments and the separation of the single components do not take
more than about fourty minutes altogether.

For the quantitative determination revealing the ratio of the single com-
ponents, it is desirable that in the course of a single wash the chlorophylls,
carotenes, and xantophylls should be clearly separata from one another on one
and the same sheet, and suffer but a minimum decomposition and transfor-
mation. In case of serial measurings, indispensable for the investigations, of
metabolism and plant improvement, it is rather essential to obtain reliable
measuring values even from a small quantity of material (0,2—2 g gross weight).

Trying to achieve a maximum degree of precision, a fast process like this,
can not be expected but from a method that goes without washing, filtering,
drying, etc. These requirements preclude, as a matter of course, the possibility
of column- and paper-chromatographies.

We have compared the methods dealing with the thin-layer chromato-
graphic investigation of pigments, as described in literature, and have found
that no uniform method of comparable advantages has been elaborated as yet
for the separation of other matters. The composition of layers is mostly compli-
cated, the extraction and separation demand special conditions making the
execution circumstantial and slow.

Taking into consideration the labile chemical nature of the colouring agents,
we have elaborated a process permitting to separate and identify quite simply
more components simultancously — carotenes, xantophylls, and chlorophylls.
The clear-cut separation makes possible quantitative identification in addition
to the qualitative identification of the single pigments.
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Materials and Methods

1. The material investigated

We have endeavoured to test our separation technique on the leaves of species of as many
different taxons as possible. When applying other methods described in literature — HAGER
(1962, 1966), Eccer (1962) — we have noticed thar the succesful separation of pigments
depends upon the plant object investigated, as well, Leaf pigments have been separated ac the
following plants: Solamem laciniatum Air., Solanum dulcamara L., Verbascum phlomoides L.,
Spmnacia oleracea L., Triticum aestivum 1., Oryza sativa L.

Qur micromethod is first of all suitable for the investigation of ecological effects and
metabolism. (For column-chromatographic scparations one generally stars from 40—100 g raw
material [Miller, 1964].)

1.1 Sampling

For making extracts we have used 0,05—1 g fresh leaf. Four parallel
measurements were made from every sample. Because of the little material,
sampling was made most carefully. Leaves of the same degree of development
and of the same position were compared, since pigment content depends largely
on the position and age of leaves. The main rib of leaf, and the leaf-stalk was
not measured in the sample. For the pigment extraction we have taken disks
of 0,5—1 ecm & from one half of the leaf, while the other half of the leaf was
used for determining the dry matter.

1.2 Pre treatment of the fresh leaf materials

For denaturating the protein colouring agent complexes, the leaf material
is dipped by several investigators into hot water before extraction. Leaves were
kept by Koskr and SmitH (1948) in a water of 90 °C for five minutes, by
KaALErR and SHLYK (1962) for two minutes. HAGER—MEYER—BERTENRATH (1966)
deem it necessary to inactivate the enzymes only in case of young leaves, sug-
gesting to dip them into hot water for one minute. High temperature, however,
induces the decomposition of chlorophylls into pheophytins and causes the
transformation of carotinoids so we made no pre treatment. The material
collected was processed in a short time or stored in a dark place (refrigerator)
at }+4 °C for 1—2 hours.

2. Extraction of pigments
21 Choice of solving material

With a view to extractability of the single pigments, the choice of the
extracting solving materials and the way of extraction is very important. Number
of research workers use alcohol — first of all in case of algae. STEEMAN—
NierseN (1961) prefers methanol to acetone for extracting Chlorella pigments.
CoHEN—BaAzIRE (1957) used an acetone-methanol mixture (7 : 2) for extracting
the bacteriochlorophyll. Straiv (1958) achieved the minimum decompasition
of pigments by an absolute methanol — petroleum ether combination (2 :1).
For extracting chlorophyll from leaf tissue, WickLirF and Arownorr (1962)
prefer an 80 p. ¢. cooled ethanol. We found that in case of higher plants wet
alcohols are not suitable for extraction since chlorophyllase has a strong effect
within them, causing the decomposition and transformation of chlorophyll.
According to STrAIN (1958), in 6—24 hours, methyl-chlorophyllids a and b
come into being in the methanolic extraction of the fresh leaf. We have also
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observed that, the pigments, first of all chlorophylls, suffer considerable enzy-
matic, autooxidative, and isomerizational changes in alcoholic extract. Petrol,
benzene, petroleum ether cannot be used for extraction, as owing to them the
fission of the protein pigment complexes is slight, and, as a consequence, the
full dissolution of pigments, first of all of chlorophylls and xantophylls, does
not succeed. The extracts containing water are light-sensitive in a higher degree,
the colouring agents they contain are fading soon or, in the presence of oxygen,
allomerized chlorophylls are produced.

In the research of plant pigments, 80 per cent acctone as a primary extract-
ing medium is widely spread and, in the opinion of most investigators, it is
actually the most efficient dissolvent. Chloroform Free from hydrochloric-acid
was used — by HAGER—MEYER—BERTENRATH (1966), MiULLEr (1964), and
others — this is, however, not a current method.

When the purpose of the pigment investigation is only a quantitative
determination of carotinoids, many researchers apply other methods and dis-
solvents. The extraction of carotinoid stains from ensiled and dried vegetable
matters was carried out by Mrs. RETaLyr and Mrs. Jakasr1 (1969) with ethanol
or a combination of ethanol-ether-acetone at a ratio 1 :1 : 1. For extracting the
carotene content of fresh green plants and hays, WaALGER and MRrs. THURANSZKY
(1962, 1965) used a combination of petrol-petroleum ether at a 2 :1 ratio.

Even in connection with the acetonic extraction, that proved to be the most
practicable for extracting the total pigment, some difficulties arise:

a) An acetonic extract cannot be decanted safely because the pulverized
cell particles remain in suspension. Therefore some of the researchers — HAGER—
MEeYER—BERTENRATH (1966), InAsz (1960) — filtrate it through a glass filter
or filter paper and others — MiLLER (1964) — centrifuge it, but this, of course,
requires more time for preparative work, and involves also some loss in material.

#) By acetone the materials of proteic and lipoid character are also dis-
solved, — particularly from young cells — and at a following chromatography
they cause a ,sticking” at the starting point and a blurred, smudged separation
of the pigments. On the other hand, the pigments in acetonic phase can gene-
rally not be separated by adsorption chromatography since adsorption is highly
impeded by acetone. Therefore, the most investigators: Worker (1957), IHAsz
(1966), Bootn (1967), SHERMA (1967), and others take over the pigments from
the acetonic solution into a petroleum ether phase, or endeavour to achieve
a full acetone-freedom by watery-methanolic washing.

22 The total pigment extraction applied

Contrary to the methods described so far in literature, the process suggested
by us tries to utilize the favourable properties of acetone and petroleum ether
together and jointly as well as successively.

The samples were put in a china mortar of 5 cm diameter, adding to them
some quartz sand and a few miligrammes of MgCO,. According to our expe-
rience, MgCQ, is more suitable for neutralizing plant acids than CaCO,, or
the hydroquinine suggested by Bootn (1967), is. With MgCO, the pH value
7,1—7,2 can easily be obtained.

We extract the 0,5 g fresh leaf material with 2 ml 100 p. c. cooled acetone
and about 10 ml petroleum ether (of 80 °C boiling-point) in the following way:
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a) We add to the 0,5 g material weighed in previously cooled friction
mortars about 1 ml cooled acerone and smear it thoroughly for about one minute.

b) Then, we add about 2 ml petroleum ether and homogenize it entirely
in one minute or two.

¢) The homogenized material is given a rub (,,washing’’) with about one ml
petroleum ether, after being carefully ground, and the dark green pigment so-
lution (cca. 1 ml) is decanted into a graduated measuring eprouvette.

d) Then the precipitate in the mortar is rinsed through several times (four-
five times) in a way that first we rub it over with a few drops of acetone,
dissolving the residual pigment from the side of the rubbing mortar, and decant
it after rinsing through with one ml petroleum ether. We set the pigment extract
in this way to 5 ml.

According to our comparative investigations, in this way there may remain
much less pigment in the homogenized leaf material than the loss of pigment
decomposed or transformed during Ffiltration, centrifuging, washing, and drying.

The pigment extract obtained in that way contains nearly in full quantity
and almost unchanged the carotenes, xantophylls, and chlorophylls. It can be
directly used for chromatographic separation. The extract may be preserved
— practically without any decomposition — in a dark place and at *4°C
for days.

For deciding, how the quantity of chlorophyll and fi-carotene is influenced
by light during pigment extraction, we have carried out parallel extractions
in dark (with green lamp) and in light, and have investigated the extracting
peculiarities of acetone and petroleum ether both cooled and of room-tem-
perature.

3. Preparation of thin-layer sheets

Thin-layers of different composition are used for separating pigments. We
have compared the separation techniques described in literature: HAGER-BER-
TENRATH (1962), HAGER-MEYER-BERTENRATH (1966), EGGEr (1962), MULLER
(1964), RanperaTH (1962), SHERMA-ZwWEIG (1967), and we have found two
as the best ones. HAGER-BERTENRATH (1962), HAGER-MEYER-BERTENRATH
(1966) use a method based on the distributive thin-layer chromatography, for
separating chlorophylls and carotinoids. The composition of their layer is:

12 g Kieselgur G (Merck 8129)

3 g Kieselgel ,,umder 0,08 mm™ (Merck 7729)

3 g CaCo, (Merck 2066)

0,02 g Ca(OH), (Merck 2047)

50 ml aqueous ascorbic-acid solution, 8>10—" m.

The layer is made with a mixing apparatus, to be 0,125 mm thick. The
wash liquid is: 100 ml petrol (Kp 100—140), 12 ml isopropanol and 0,25 ml
distilled water.

The other sheet-making technique found to be satisfactory is EGGER's
method (1962): mixing 10 g Kieselgur G (Merck) and 1 g gvpsum with 15 ml
dioxane into a soft pulp and diluting it with 10 ml water. He makes the layer
to be 200—300 u thick, drying the leaves for several hours at 80—100 °C and
then impregnating them with the 7 p. c. petroleum ether solution of subacidic
plant oil. He interrupts the impregnation is interrupted when the front approa-
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ches the edge of the sheet to 3—4 cm. Then he lets it dry on 70 °C for about
one hour, and applies the pigment mixture to the non-impregnated part. The de-
velopment takes place in the dark, with the combination of methanol-acetone-
water at a ratio of 20 : 4 : 3.

The isomerous carotinoids (e. g., «- and f-carotenes or lutein and zeaxan-
thin) also get separated on the impregnated sheets. A disadvantage of impreg-
nation is the necessity of removing the impregnating material before spectro-
photometric determination or else the spectrum would be influenced thereby.

For making the layer, we have used the mixture of Cellulose powder MN
300 and Silica gel G to Stahl. We have mixed 20 g Silica gel and 10 g Cellu-
lose powder with 100 ml distilled water (with an electric mixer) to a homo-
geneous pulp in one minute. 8 ml of the pulp was put with a pipette on
a 185 cm degreased and dried glass plate. The smearing was performed by
means of a glass rod. The thickness of the layer was 200—300 ux. The 20320
cm plates were prepared with a smearing apparatus. The plates were left to
desiccate on a horizonal and dust-free place for eight hours, and then activated
at 120 °C. After being cooled they can be immediately used. It is the best
to store the ready plates in exsiccators.

solvent front
xR+ R - carotene

chlorophyll a
chlorophyll b

lutein «
zeaxanthin

lutein-epoxide +
antheraxanthin

violaxanthin

e neoxanthin

start

Fig. 1. Photograph of thin layer chromatogram of plastid pigments from Verbascum phlomoides L,

The cellulose is of neutral reaction, it does not isomerize the xantophylls
like the aluminium-oxide, magnesium-oxide or silicaceous adsorbents. It has the
further advantage of better mechanical adhesiveness and stronger resistance to
fracture, but it cracks when peeled off. Its disadvantage consists in poor adsorp-
tion, therefore the carotinoids do not separate well.
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The pure Silica gel is of slightly acidic reaction — SzAsz (1964) — to it
isomerizes the pigments or transforms chlorophylls into pheophytin. It is one of
its major advantages that it separates the single components.

The mixture system Silica gel-cellulose powder at a ratio of 2 :1, used
by us, combines the advantages listed above without the disadvantages.

4. Application of the pigment extract

The petroleum ether pigment extract was applied to the thin-layer with
a micropipette small quantities of the material should better be applied on
stains of 6—8 mm diameter, major quantitio, however, on a line. The starting
point is 3 cm from the edge of the plate. Owing to the quick evaporation of the
petroleum ether, the material can be applied to two plates without interruption.
For developing the chromatogram the stains must not be desiccated.
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chiorophyllide a
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start

Fig. 2. Distribution of various pigments on the plate cromatoplate. The pigments are from the
leaf of Solanum laciniatum Ait., kept in darkness.

5. Development of the chromatogram

The development takes place in a refrigerator, in the dark, with the following
combination: benzene-petroleum ether-absolute alcohol-water, at a ratio of
5:5:1:0,5. We have applied a one-dimensional ascendant method. The distance
of development is 10—14 cm. The wash-time is about 30 minutes, in case of
57<18 cm plates, 45 minutes for 20320 cm plate size.
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6. Elution of colouring agents

For spectrophotometric investigations the colouring agent zones are to be
peeled off when still wet, as the epoxidic carotinoids suffer a quick change.
A blade will be the most suitable for peeling purposes. The single colouring
agents were eluted in ethanol and then centrifuged.
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Fig. 3. Thin layer chromatographic (TLC) extraction of plastid pigments extracted by Methanol-
aceton (1 :10). The pigments are from the young leaf of Oryza sativa L., kept im
darkness.

Results and discussion

1. Succession of the separation of pigments

On the plate the three groups of colouring agents — carotenes, xantophylls,
and chlorophylls — are distinctly separated. They can easily be recognized by
their colour, their reciprocal site and their Rf-value (Fig. 1).

In case of a cellulose — Silica gel system, the chlorophylls are localized
on the plate between carotenes and xantophylls. In an impregnated layer, ho-
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wever — MULLER (1964) — they take place among the xantophylls. The se-
quence of pigments according to the Rf-values, is inverse on the non-impreg-
nated plates, as compared with the plates impregnated by Eccer (1962) and
RANDERATH (1966). Depending on the number of substituents the speed of mig-
ration is changed in opposite way by the two systems of separation, in case
of carotinoids with oxygen (hydroxyl, resp. epoxyl) content (Fig. 2).

Tab. 1. Rf-values of pigments in the thin-layer

A = Kieselgur layer impregnated by RANDERATH (1962) and EGGER (1962) with subacid vege-
table fat. Wash liquid: methanol-acetone-waler, at a ratio of 20:4:3.

B = Silica gel-Cellulose powder, ratio 2:1, a non-impregnated layer used by us. Wash liquid:
petroleum ether-benzene-absolute alcohol-water, at a ratio of 5:5:1:0,5.

[
‘ Rf-values Number of Substituents

Pigments [ —

\ A B | —oH =

Chiorophyllide b _ 006 | — ’ N
Ehlomphyllide a —_ 0,10 — | — 7

Neoxanthin 0,95 0,24 ‘ 3 | 1

Violaxanthin (;,84 0,34 2 |_ 2

Lutein-epoxide : 0,72 i_ — 2 ‘ r 1
- 11-_ulein i—0,56 | 0,38 1 2 . ‘— 0 _
Zeaxanthin ’_ 0,54 B 0,40 1 2 4‘-_ o
Cryptoxanthin ‘ 0,07 ‘ — ‘ | l_ i_ _(: -

Chlorophyll b - 77‘ 025 7 \ 049 o 7‘ _

e : . 0

Chlorophyll a 0,13 0,53 | s —

Protochlorophyll \I — L ‘ 0,57 | _ | -

__Pheoph)'tin b | 0,07_ ._\ 0,69 i o= [ ==
Pheophytin a W 0,01 7 i 0,73 . —: — - . o

Carotenes ‘ 0,00 ! 1,00 0 ' 0
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2. Identification of pigments

From the intensive and characteristic colour of pigments we can easily
conclude on the single colouring agents. From the intensity of colour and the
size of stain we may carry out semi-quantitative evaluations, too. For an exact
qualitative determination we have recorded absorption curves from the pure pig-
ments by means of a Unicam SP 800 photometer, in different eluting media.
The single colouring agents were identified on the basis of A-maxima, as well.

Tab. 2. A-maxima of chlorophylls in my, measured in red wavelengech range.

| Eluting media ‘

i | Metric dat
THpnat acetone | ethanol | methanol | s =
Protochlorophyll ' 664 ‘ 666 667 own
‘ 663 — \ - Miiller’s
Chioraphyll 663 ‘ 65 | 665 own
| = — Miiller’
Chlorophyll b | e ‘ ot i o i
|

The main carotinoids of the leaf get separated on the thin-layer applied
without any transformation. The yellow colouring agents are, anyway, to be
pecled off immediately after chromatography, before the evaporation of the
wash liquid, since they suffer oxidative decomposition even in the dark. Even
After standing 5 to 10 minutes, violaxanthin, ncoxanthin and lutein-5, 6-epoxide
change abready into a blue or bluish-green shade. This is manifested in the
shift of maxima of the absorption curves towards the shorter wavelengths, in their
general sinking and, later on, in their dissappearance. In case of peeling off
in two minutes, these transformations do not occur. In a dissolvent and in the
dark, on the other hand, even the epoxidic carotinoids mentioned above can be
preserved without any alteration for a rather long time. The value of absorption
maxima largely depends on the purity of the eluting medium, particularly on
its water content.

We have determined from the separated pigments the absolute and rela-
tive quantity of the colouring agents as well as their processes of decomposition
depending upon various factors. This, however, will be the topic of succeeding
monographs,

Summary

We have elaborated a new extracting and thin layer chromatographic
method for separating the leaf pigments.
Our procedure has the following advantages:
1. We use a new extracting technique whereby pigments are but slightly

changed. The extract can immediately be used for chromatography, without
any other process.
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Tab. 3. The absorption Z-maxima of carotinoids in my

Metric data: (1)* = MUOLLER (1964),
(1)** = own measurement,
(2—4) = Goopwin (1960).
‘ o B Eluting meﬂia_ -
Carotinoids 1 B 3 4
ethanol chloroform n-hexane benzene
452, 2+ 466, 497 425, 451,
Carotenes 419, 125” 6 482
. 433, 463, 497 425, 451, |
Cryptoxanthin 483
aaxanihin 451, 480+ 429, 462, 494 423, 451,
483
. 446, 476, 420* 428, 456, 487 420, 447,
Luteln 444, 472, 420** 477
Lutein-5, 6-
epoxid 423, 445, 473+ 442, 471 453, 482
’ . 441, 443, 471* | 424, 451, 482 443, 412 454, 484
Violaxanthin 440, 468+ ‘
Flavoxanthin 422, 446, 400* ‘ 430, 439 421, 450 432, 481
: 415, 439, 466° | 447, 476 437, 466 447, 411
Neoxanthin 415, 437, 465"]

2. The green and vellow colouring agents show a clearcut separation on
a plate, already after a single washing. The single zones can be peeled off
neatly, thus permitting the qualitative investigation and quantitative deter-
mination of pigments.

3. The separation of colouring agents, together with extraction, does not take

more than 45 minutes.
We are grateful to GAsor HorvATH for his versatile technical assistance.
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