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1. Introduction O.D.C. 160.22 

Because determination of the influence of light on leaves (light 
reaction) is very important for the growth of plants, pigments 
analyses could contribute to these problems. Between the different 
plastid pigments chlorophyll is the most important and perhaps 
the only pigment responsible for photosynthesis in green plants. 

It is also possible to characterize ecological plant types and 
the difference between sun and shade leaves by determination of 
the pigment contents. Shade leaves of every plant contain more 
chlorophyll and less carotenoids as sun leaves when the pigment 
content is expressed per gram weight. The reverse is true when the 
pigment content is expressed per leaf surface. Shade leaves gene­
rally are very thin. 

It therefore is desirable to express the pigment content per leaf 
surface and per weight (dry or fresh) and it is obvious too that 
besides the total plastid pigment content also quantitative deter­
minations of the different pigments are necessary. 

Every higher plant contains two kind of pigment: plastid or 
chloroplast pigments and pigments of the cytoplasm. The chloro­
plast pigments are closely connected with the photosynthetic 
process: chlorophylls or green pigments as energy acceptors and 
carotenoids or yellow pigments probably as sensibilators of the 
photosynthesis. Chlorophyll a, chlorophyll band proto chlorophyll 
(this pigment especially in younger plant organs) belong to the 
chlorophyll group. The carotenoids can be divided in a group of 
pigments builded up of carbon and hydrogen, (hydrocarbons), the 
carotenes, and a group of pigments consisting of hydrogen, carbon 
and oxygen (hydroxycarbons), the xanthophylls or carotenols. The 
carotene group contains IX-carotene, ~-carotene, y-carotene and 
lycopene. The isomers IX- and y-carotene are not always present, 
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~-carotene represents usually 90 % of the total carotene content 
and lycopene is almost identical with ~-carotene concerning 
structure and spectrum curve. The xanthophyll group is represented 
by many pigments of which a great part is not yet determined. 

The purpose is to execute quantitative determinations of 
different plastid pigments: chlorophyll a, chlorophyll b, carotenes 
and xanthophylls. Thus can be determined: 

Chlorophyll a content Ca 
Chlorophyll b content Cb 

Total chlorophyll content 

Carotene (~) content 

Xanthophyll content 

Carotenoid content 

Total plastid pigment content 

C a+b 

Cc 

Cx 

Cc+x 

C a+b +c+x 

Mostly the amounts of pigment are expressed in mg per gram 
fresh or dry weight or in percentage of the fresh or dry weight or 
in mg per cm2 or dm2 leaf surface. 

Further molecular ratios are also important: 

Chlorophyll a/chlorophyll b 

Xanthophyll! carotene 

Proportion green-yellow pigments 

Q~ 
b 

Q~ 
c 

Qa+b 
c+x 

Following averages are accepted for these molecular ratios: 

Q~ 
b 

3 

Q~ 2 
c 

Qa+b 
c+x 

3,5 

These proportions are not genetically constant and they can 
undergo changes depending on the light quality and the light 
quantity. 

No less important than the quantitative plastid pigment deter­
minations are: 
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1) The light characteristics of the stand (light quality, light 
intensity and energy distribution) ; 

2) The absorption and reflection of light on leaf surfaces; 

3) The energy storage by photosynthesis. 



A synthesis of this research can lead to determine the chromatic 
and energetical adaptation of the pigment system in function of 
the light factor. 

2. Method 

The present method was studied using fresh needles of Picea 
Abies KARST. Th content of chlorophyll a and hlorphyLl band 
the carotenoid content is determined by a spectrophotometric 
method after extraction with acetonc. The carotenes (p-carotene) 
are separated from a petroleumcther extract by column chromato­
graphy. On the basis o'f a calibration curve relating optical densities 
to concentrations of ~-carotene the amount of p-carotene can b 
determined. The difference between the carotenoid content and 
the p-carotene content gives the amount of xanthophylls. 

3. DeterIllination of the chlorophyll a (C a), The Chloro­
phyll b (Cb ) and the Carotenoid content (Cc+x ) 

3.1. Preparation of the extract 

The fresh needles (about 1 gram) were crushed, immediately 
after cutting, in cold acetone p.a. and anhydrous aluminium oxide 
was used as a grinding agent. After decanting the filtrate was 
centrifugated and filtered trough paper. The needles were extracted 
several times with the cold solvent till the residue was white and 
this filtrate was consequently brought up to a volume of 1 1. To 
obtain a total extraction of the plastid pigments it is desirable to 
add 1 % methanol to the solvent. 

All the processes must occur in a room screened from direct 
light to prevent a possible decomposition of chlorophylls and 
carotenoids. The fresh leafy material should only be stored if that 
is unavoidable and the filtrate may be kept in the dark and the 
cold for a few hours, but not overnight because carotene is unstable 
in the presence of chlorophyll. 

3.2. Quantitative determination of C a, Cb and Cc+x. 

The extinctions (E661, E644 and E 440 ,5) of the clear pigment 
solution at A661, A644 and A440,5 were measured in a spectrophoto­
meter Beckman DB (1 em cells and narrow slit program). 
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From these measurements data and following equations the 
chlorophyll a (C a), chlorophyll b (Cb ) and carotenoid content 
(Ce+x) can be calculated. 

(1) Ca = (9,78 X E 662) - (0,99 X E 644) 

(2) Cb = (21,40 X E 644) - (4,65 X E 662) 

(3) Ce+x = (4,69 X E440 ,5) - (C a+b X 0,267). 

The concentrations Ca, Cb and Ce+x are expressed in mg/I. 

4. Detertnination of the ~-carotene content (Ce ) 

4.1. Relation between extinction E448 and the ~-carotene content Ce. 

As standard solution synthetic ~-carotene was used (10 mg) 
diluted in 500 ml petroleumether 25-70° p.a .. From this volume 
different concentrations of ~-carotene were made up : 

1 mg ~-carotene/250 ml petroleumether 25-70° p.a. 

0,8 mg " " 
0,5 mg " 
0,4mg " " 
0,2 mg " " 
0,15 mg " " 
0,12 mg " " 
0,08 mg " " 
0,04 mg " " 
0,02 mg " 

The extinctions of the dilutions were measured at "-max = 

448 mil (fig. 1) and from these data a linear regression (4) and 
tabulation (tab. I) can be calculated (fig. 2). 

(4) Cc = 1,0648 E448 

r = 0,996 

Ce = ~-carotene content in mg for a volume of 250 mI. 

E448 = extinction at "-max = 448 mil. 

The sample correlation coefficient r tested for P = 0,01 and 
P = 0,05 was significant. 
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TABEL I 
Tabulation of Cc in tng for a solvent volutne of 250 tn1 

E448 Cc I E448 Cc I E448 Cc I E448 

0,005 0,0053 0,155 0,1650 0,305 0,3248 I 0,455 
0,010 0,0106 0,160 0,1704 0,310 0,3301 0,460 
0,015 0,0160 0,165 0,1757 0,315 0,3354 0,465 
0,020 0,0213 0,170 0,1810 0,320 0,3407 0,470 
0,025 0,0266 0,175 0,1863 0,325 0,3461 0,475 
0,030 0,0319 0,180 0,1917 0,330 0,3514 0,480 
0,035 0,0373 0,185 0,1970 0,335 0,3567 0,485 
0,040 0,0426 0,190 0,2023 0,340 0,3620 0,490 
0,045 0,0479 0,195 0,2076 0,345 0,3674 0,495 
0,050 0,0532 1 0,200 0,2130 0,350 0,3727 0,500 
0,055 0,0586 0,205 0,2183 0,355 0,3780 0,505 
0,060 0,0639 0,210 0,2236 0,360 0,3833 0,510 
0,065 0,0692 0,215 0,2289 0,365 0,3887 0,515 
0,070 0,0745 0,220 0,2343 0,370 0,3940 0,520 
0,075 0,0799 0,225 0,2396 0,375 0,3993 0,525 
0,080 0,0852 0,230 0,2449 0,380 0,4046 0,530 
0,085 0,0905 0,235 0,2502 0,385 0,4099 0,535 
0,090 0,0958 0,240 0,2556 0,390 0,4153 0,540 
0,095 0,1012 0,245 0,2609 0,395 0,4206 0,545 
0,100 0,1065 0,250 0,2662 0,400 0,4259 0,550 
0,105 0,1118 0,255 0,2715 0,405 0,4312 0,555 
0,110 0,1171 0,260 0,2768 0,410 0,4366 0,560 
0,115 0,1225 0,265 0,2822 0,415 0,4419 0,565 
0,120 0,1278 0,270 0,2875 0,420 0,4472 0,570 
0,125 0,1331 0,275 0,2928 0,425 0,4525 0,575 
0,130 0,1384 0,280 0,2981 0,430 0,4579 0,580 
0,135 0,1437 0,285 0,3035 0,435 0,4632 0,585 
0,140 0,1491 0,290 0,3088 0,440 0,4685 0,590 
0,145 0,1544 0,295 0,3141 0,445 0,4738 0,595 
0,150 0,1597 0,300 0,3194 0,450 

I 
0,4792 0,600 

The linear regre5sion for an arbitrary volume V is : 

(5) I Cc = 0,004259 E44SV 

Cc = ~-carotene in mg. 

V = volume of the solvent in ml. 

4.2. Preparation if the extract 

Cc 

0,4845 
0,4898 
0,4951 
0,5005 
0,5058 
0,5111 
0,5164 
0,5218 
0,5271 
0,5324 
0,5377 
0,5430 
0,5484 
0,5537 
0,5590 
0,5643 
0,5697 
0,5750 
0,5803 
0,5856 
0,5910 
0,5963 
0,6016 
0,6069 
0,6123 
0,6176 
0,6229 
0,6282 
0,6336 
0,6389 

Before extraction of the carotenes the needles were boiled 
during one minute in aq. dest. After drying and cutting into bits 
the material was crushed in cold petroleumether 25-70° p.a. By 
this way a first pigment extract was obtained with 50 ml petro­
leumether. Then a new extraction was made with anhydrous 
aluminium oxide and 3 X lO ml acetone p.a. This extract, eva­
porated at low temperature by blowing a current of dry air over 
the surface of the fluid, was added to the first extract and generally 
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a third extraction of the material with petroleumether is necessary. 
All preparations must occur in dim light and the filtrate can be 
stored for several days in a deep freeze installation. 

4.3. Separation rif B-carotene from other pigments 

p- al'otene can b removed chromatographically ITom un­
, anted p.igments on a column made of soluble starch. r hc starch 
together with petroleum ther is added to th oillmn by means of 
a vacuum pump. The chromatographic tube is about 3,5 cm inside 
diameter by 50 cm high and is washed with petroleum lhcr before 
the extract is addcd . The soluble starch ha the property to separate 
hydJ'ocarbons from oxy- or hydroxy arbons so that all pigments 
except p-carotene should be absorbed ncar the top of the coJumn. 
The column mllSt remain saturated with the solvent and must bc 
washed to elutc all the p-caroten . 1 he p-carotene can be left in 
the petrolcumether solution for photometric determination. When 
a large column is used it is possible to re-use the same column for 
other absorptions after washing it with p troleum ther. 

4.4. Quantitative Determination of Cc 

Th extinction of the p-carotcne solution at Amn.,. = 448 m~ 
is measured in a spectrophotometer Beck m an DB (1 cm cells 
and narrOw slit program). By 'using linear regression (4) or tabu­
lation (tab J) the B-carotene content in mg can be immediately 
c1etermin d Io1' a solvent volume of 250 ml and the ijneal' regression 
(5) gives the p-carotene content in mg for any other volum . 

The xanthophyll content can be calculated by substracting 
the p-carotene content from the carotenoid content. 

Cc+x - Cc = ex 

5. Procedure for a practical determination of the chloro­
phyll a content (C a ), chlorophyll b content (Cb ), ~-caro­
tene content (Cc ) and xanthophyll content (Cx ) 

1. Extraction of the pigments with acetone. 

2. Volume of the pigment solution: 1 l. 

3. Measurement of the extinction E662, E644 and E440.5 • 
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4. Determination Of~, ~, ~ and I Cc+x I by usmg 

the equations (1), (2) and (3). 

I Cr and Cx I 

1. Extraction of the pigments with petroleumether 25-70° and 
acetone. 

2. Separation of ~-carotene from other pigments on a column. 
Absorbent: soluble starch. 

3. Volume of the ~-carotene solution: 250 m1 or any other volume. 

4. Measurement of the extinction E448 . 

5. Determination of ~ by using regression (4) or tab 1 for a 

volume of 250 ml and regression (5) for any other volume. 

6. ~ = Ce+x - Ce• 
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SUMMARY 

The pigments or Lhe plaslids belong to two groups : the clhorophylls or 
green pigm nts and the cal'otenoids 01' yellow pigments. The chlorophyll group 
can be divided ill 'h.lorophyll a chlorophyll band protochlorophyll and Lhe 
(;aro( ' no,id group in carotenes (principally i3-cal'olene) and different xantho­
phylls. In connection with other rescan:h work (light quality and quantity 
meas\lrCmenls, photosynthesis ... ) it is important to determine the chlorophyll 
a, chlorophyll b, carotene and xanthophyll content. 
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According to this method the chlorophyll a, chlorophyll b and carotenoid 
content is determined by a spectrophotometric method (1) (2) (3) after ex­
traction with acetone. The carotenes after extraction with petroleumether and 
acetone and after separating from other pigments by column chromatography, 
are determined from preleminary quantitative spectrophotometric calibrations 
with synthetic l3-carotene. The difference between the carotenoid content and 
the l3-carotene content gives the amount of xanthophylls. 

SAMENVATTING 

Kwantitatieve bepaling van de pigDlenten van de plastiden 
bij hogere planten 

De pigmenten van de plastiden bchol'cn tol twcc gl'oepcn : de chlol'ofyllen 
of groene pigmenten en de carolenoiden of gele pigrnenten. Tot de chlol'ofyl 
groep behoren voornameiijk chlol'of>:1 a, ehlorofyl b en protochlorofyl en tot 
de carotenolde groep de Cal'otCl1en (hoofdzakelijk p-caroteen) en verscheidenc 
xanthofyllen. 

Aansluitend met andere onderzoekingen (Iichtkwantiteit en -kwaliteit, 
fotosynthese, ... ) is het belangrijk het chlorofyl a, chlorofyl b, caroteen en 
xanthofyl gehalte te weten. 

Vol gens dczc methodewol'dt het chlorofyl a, chlorofyl b en carotenoide 
gehalle spectrofotom(.'trisch bepaald (I) (2) (3) na extraktie van het planten­
materiaal met aceton. De carotenen worden, na extraktie met petroleumether 
en acetoll en na scheiding van de ovel'ige pigmenten door middel van kolom­
chromatografie, bepaaJd (4) (5) (6) aan de hand van voorafgaande kwanril'aticve 
Speetl'ofotomell'ische ijkingen mel synthetisch p-caroteen. Het vel'schil lussen het 
gehalte aan carotenoiden en cal'otencn geef het xanlhofyllen gehaltc. 

RE SUM E 

DeterDlination quantitative des p igDlent s des chloroplastes 
dans les plantes superieures 

Les pigments des chloroplastes appal'tiennent a deux gl'OUPCS : les chlol'o­
phyllcs ou les pi~ments verts t les carot61oides ou les pigments jaunes, Dans 
les plantes SUpel'leUl'es Ie groupe des chlol'ophylles comporte la chlorophylle a, 
la ehlorophyUe b et la pl'otochLorophylle et Ie groupe des carolCnoides les 
carotenes (sw·tout Ie tl-carotene) et diffel'entes xantophylles. Par rapport a 
d'aut-rcs recherches (qualite el quantite des radiations hllnine\lse.~, photo­
synthese, ... ) il est imporlam de savoil' l'abondancc de chlorophylle a, de 
chlorophylle b, d carotene et de xantophylle. 

Cette methode permct de determiner la quantite de chlorophyllc a, de 
chlorophyl1e b er des carotcnoides a I'aide d un spcctrophotom<:trc ( l ) (2) (3) 
aprbi extraction ave de l'acetone. Les caractcres sont determines sur la base 
de donnees quantilatives avec du l3-carotene synthctique (4) (5) (6) aprbi 
extraction avec de I'ethor de pelrole et de l'acetone et separation des autres 
pigments pal' la cJu-omatographie de partage. La difference entre la quantite 
des caroteno"ides et la quantite du carotene donne la quantite de la xanlophylle. 
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