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Determination of organic acids in plant material 
I. Extraction olorganic adds from plants 

Bestemmelse af organiske syrer i plantemateriale 
I. Ekstraktion af organiske syrer fra planter 
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Report no. 1707 

The paper describes a method for extraction of organic acids, including oxalic acid from plants by ad
ding a strongly acidic cation exchanger before extraction with water. 

The method is based on addition of a relatively large amount of cation exchanger and homogeniza
tion of the sample and cation exchanger together. 

The method was almost as effective as extraction with hot 0.5 M hydroehlorie acid for determination 
of citric acid and oxalic acid in beet leaves, rye grass, green peas and string beans. Results obtained by 
use of 80 per cent ethanol were found to be considerably lower with exception of the results from deter
mination of citric acid in beet leaves. 

The recovery of citric acid and oxalic acid added to rye grass as calcium salts varied from 94 per cent 
to 102 per cent for citric acid and from 90 per cent to 97 per cent for oxalic acid. 

The method has the advantage that the amount of chlorophyll extracted is very small which makes 
the purification of the extract very simple. 
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Resume 
I nærværende beretning er der beskrevet en ekstraktionsmetode, som gør det muligt at ekstrahere or
ganiske syrer inklusive oxalsyre tilnærmelsesvis kvantitativt fra plantemateriale ved tilsætning af en 
stærkt sur kationbytter før ekstraktion med vand. 

Metoden blev udarbejdet ved bestemmelse af citronsyre og oxalsyre i bederoeblade, rajgræs, grøn
ne ærter og grønne bønner. Resultaterne blev sammenlignet med indholdet bestemt ved ekstraktion 
med 0,5 M saltsyre og en 80% ethanoloplØsning. Endelig verificeredes metoden ved bestemmelse af 
indholdet af citronsyre og oxalsyre i rajgræs tilsat henholdsvis calciumcitrat og calciumoxalat, som må 
henregnes til de tungest opløselige salte af organiske syrer, der forekommer i planter. 

Metoden er baseret på tilsætning af en forholdsvis stor mængde ion bytter til prøven og efterfØlgende 
homogenisering af prøve og ion bytter . For at undgå anvendelse af store mængder ionbytter foretages 
der først en findeling af en større prøve (ca. 25 g) i frossen tilstand, hvorefter prøven (3 g) til ekstrak
tion afvejes. Der anvendes 2 g ionbytter pr. prøve. 
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Metoden fandtes at være næsten lige så effektiv som ekstraktion med en 0,5 M saltsyreopløsning. 
Ved ekstraktion med en 80% ethanolopløsning var resultaterne lavere med undtagelse af resultaterne 
for citronsyreindholdet i bederoeblade, hvor det fundne indhold var næsten ens for alle 3 metoder. 

Ved tilsætning af henholdsvis calciumcitrat og calciumoxalat til rajgræs varierede den genfundne 
mængde citronsyre fra 94% til 102% og den genfundne mængde oxalsyre fra 90% til 97%. 

I modsætning til metoder, hvor der anvendes en organisk opløsning som ekstraktionsmiddel, ekstra
heres der med nærværende metode kun meget lidt klorofyl, hvilket forenkler den efterfølgende rens
ning af ekstrakten. 

Nøgleord: Organiske syrer, ekstraktion, planter. 

Introduction 
In investigations of metabolic processes in plants 
it is often of interest to determine the content of 
organic acids because di- and tri-caboxylic acids 
take part in many metabolic processes. The con
tent of organic acids is also of interest for estima
ting the quality of fmits, vegetables and other 
foods and feeds. 

Analyses of plant material for organic acids 
comprises the folIowing steps: Inactivation of the 
enzymes in the plant materiais, extraction, purifi
cation of the extract and determination of the or
ganic acids in the extract. Usually the enzymes 
are inactivated by boiling the plant tissue for a 
few minutes with the extraction solution. 

Several extractants have been used inc1uding 
diluted solutions of sulfuric, hydrochloric or for
mie acids; water occasionally with addition of a 
strongly acidic cation exchanger; methanol; etha
nol; and ether (Schramm, 1973; Schramm et al., 
1977). Occasionally the extraction is carried out 
by use of two different extractants e.g. a solution 
of ethanol combined with diluted hydrochloric 
acid or water with addition of a strongly acidic ca
tion exchanger (Fauconneau, 1958; Roux & Le
saint, 1959; Schramm et al., 1977). When solu
tions of sulfuric or hydrochloric acid are used the 
extraction is presumably quantitative because 
these extractants are able to dissolve such spar
ingly soluble salts as calcium oxalate. However, 
strong acids are difficult to remove from the ex
tract and often interfere with the determination 
of the organic acids. 70 per cent to 80 per cent 
ethanol is the most common extractant used al-
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though salts of organic acids, especially some cal
cium salts, are sparingsly soluble in ethanol. 

Investigations concerning the efficiency of dif
ferent methods are few. Fauconneau (1958) and 
Roux and Lesaint (1959) found that extraction 
with 80 per cent ethanol was insufficient for a 
quantitative extraction of some organic acids. 
Fauconneau (1958) made an additional extrac
tion with a diluted hydrochloric acid to obtain a 
quantitative extraction of citric acid whereas 
Roux and Lesaint (1959) used water with a 
strongly acidic cation exchanger. On the contrary 
Schramm et al. (1977) found that extraction with 
80 per cent ethanol was sufficient. Judging from 
the solubility of salts of different organic acids in 
water and ethanol, water should be abetter ex
tractant than ethanol. It a strongly acidic cation 
exchanger is used in addition to water even a 
sparingly soluble salt as calcium oxalate should be 
dissolved although it takes place very slowly. The 
above mentioned must also apply to salts of orga
nic acids in plants. Therefore it should be possibie 
to carry out a quantitative extraction of organic 
acids from plant tissue by water in presence of a 
strongly acidic cation exchanger. However, the 
prerequisite to obtain a quantitative extraction in 
a reasonably short time is that the ratio of cation 
exchanger to plant tissue is high and that the sus
pension is homogeneous. 

An attempt has been made to improve the ex
traction method using water in presence of a 
strongly acidic cation exchangerfor extraction of 
organic acids from different plant materiais. 



The method was compared to methods using 
the most common extractants 0.5 M hydrochloric 
acid and 80 per cent ethanol. 

The effectiveness of the method was further 
elucidated by its capability of recovering citrate 
and oxalate added to rye grass as their calcium 
salts. 

Materials and metbods 
Plant material 
The plant materials used were ryegrass, beet 
leaves, green peas and string beans. The plant 
tissue was frozen immediately af ter harvest and 
stored at +20°C. 

25 g of the frozen plant material was divided 
into fine particles using amincer (Moulinex Mou
linette) at 10.000 r. p.m. in 30 seconds. Then sam
ples of 3 g were weighed directly into 25 ml centri
fuge tubes. Perfarming the operations in a cold 
store (5°C) and cooling the tools in a freezer be
fare use makes it possibie to keep the plant tissue 
constantly frozen. 

Extraction 
Extraction with water and a strongly acidic cation 
exchanger was performed by addition of 10 ml of 
water to the frozen sample and immediately pla
cing the centrifuge tubes in a boiling water bath 
for 10 minutes. The suspension was cooled, 2 g of 
a strongly acidie cation exchanger (Merck I) was 
added and then the mixture was homogenized by 
an Ultra Turax TP 18 for 2-3 minutes. The sus
pension was stored in a refrigerator at 5°C over
night and then heated in boiling water for 10 min
utes. After cooling the suspension was centrifug
ed at 6000 x g and the residue extracted twice with 
7....!i3 ml of water each time. Then the collected 
extract was diluted to 25 ml with water. 

Extraction with alcohol was performed by addi
tion of 5 ml of 96 per cent ethanol to the frozen 
sample and homogenizing it as described before. 
Then 10 ml of 80 per cent ethanol v/v was added 
and the suspension stirred frequently for 15 min
utes. After centrifugation the residue was extract
ed twiee for 15 minutes with 15 ml of 80 per cent 
ethanol, the second time in a water bath at 50°C. 

The extract collected (45 ml) was evaparated to 
near dryness at 50°C and the residue extracted 
five times with 4--5 ml of water each time. Atter 
filtration the extracts were collected and diluted 
to 25 ml with water. 

Extraetion with hydroehlorie acid was pere 
forme d by addition of 10 ml ofO.5 M hydrochloric 
acid to the frozen sample and placing the centri
fuge tubes in boiling water for 10 minutes. Atter 
cooling the sample was homogenized as previ
ously described. The sample was stored in a refri
gerator at 5°C overnight. Next day the suspension 
was centrifuged and the residue extracted twice 
with water, 7....!i3 ml each time. Atter filtration the 
extract collected was diluted to 25 ml with water. 

Analyses 
Determination of oxalie acid and eUrie acid. All 
the extracts were purified by precipitation with 
tungstate phospharic acid before determination 
of the acids (Anonymous, 1967). The oxalic acid 
in the extracts was determined by titration with 
potassium permanganate (Anonymous, 1967) 
and citric acid by use of a method of Taylor 
(1953). 

Results 
With respect to the method using water with addi
tion of a strongly acidie cation exchanger (cation 
exchangerwater extraction) it was found that the 
effectiveness was increased by the following 
steps: a) Heating the plant tissue in boiling water 
before addition of the cation exchanger. b) In
creasing the amount of the cation exchanger to 
about 2 g per 3 g fresh plant tissue. c) Homogeni
:z:ation of the plant tissue together with the cation 
exchanger. d) Storing the suspension overnight. 
e) Heating the suspension in boiling water before 
the final extraction. 

Table 1 shows the amount of oxalic acid extract
ed from beet leaves using different concentra
tions of hydrochloric acid as extractants with and 
without heating the suspensions in boiling water 
for 10 minutes. The results show that the amount 
of oxalic acid extracted is increased by increasing 
concentration of hydrochlorie acid and by heating 
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Table 1. Oxalic acid in beet leaves found by extraction 
with various concentrations of hydrochloric acid. 

Oxalsyreindhold i bederoeblade fundet ved ekstraktion 
med saltsyre i forskellig koncentration. 

HClM 

0.1 
0.2 
0.5 
1.0 

Without 
heating 

Heated 10 min. 
at 100°C 

mg per g dry matter: 
23.7 23.7 
25.2 28.4 
37.4 57.3 
53.8 58.9 

the suspension. When heating the suspension 
the amount of oxalic acid extracted is almost the 
same by use of a 0.5 M as a 1.0 M hydrochloric 
acid as extractant. 

Table 2. Oxalic acid in different species of plants found 
by extraction with 3 different extractants. 

Oxalsyreindhold i forskellige plantearter fundet ved 
ekstraktion med 3 forskellige ekstraktionsmidler. 

Plant species 

beet rye- green string 
Extractants leaves grass peas beans 

mg per g dry matter: 
0.5MHCI 47 0.9 trace 2.4 
Ion exchanger 
water 43 0.8 trace 2.1 
80 per cent 
ethanol 6.3 trace trace trace 

The resuIts in Table 2 show the amount of ox
alic acid and the resuIts in Table 3 the amount of 
citric acid in different plant species extracted with 
3 different extractants. From the resuIts in 
Table 2 it ean be seen that the amount of oxalic 
acid found was almost the same whether 0.5 M 
hydrocxhloric acid or cation exchanger-water were 
used as extractants whereas the amount found 
was considerably lower when using 80 per cent 
ethanol. From Table 3 it ean be seen that the 
amount of citric acid found as the amount of ox
alic acid is almost the same whether 0.5 M hy
drochloric acid or cation exchanger-water were 
used as extractants. It is interesting to note that 80 
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Tabte 3. Citric acid in different species of plants found by 
extraction with 3 different extractants. 

Citronsyreindhold i forskellige plantearter fundet ved 
ekstraktion med 3 forskellige ekstraktionsmidler. 

Plant species 

beet rye- green string 
Extractants leaves grass peas beans 

mg per g dry matter: 
0.5 M HCI 8.4 9.9 7.7 6.6 
Ion exchanger 
water 8.1 9.0 6.9 5.7 
80 per cent 
ethanol 8.5 3.6 4.6 4.9 

per cent ethanol extracts almost the same amount 
from beet leaves as the 2 other extractants, 
whereas the amount extracted from grass, green 
pea and string bean was considerably lower with 
80 per cent ethanol. 

Table 4. Recovery of oxalic acid added to ryegrass as cal
cium oxalate. 

Genfindelse af oxalsyre i rajgræs tilsat calciumoxalat. 

Addedmgper Per cent 
gdrymatter recovery 

20 97 
40 95 
66 90 
88 91 

In Table 4 and Table 5 the resuIts are shown 
from an examination af the recovery af oxalic 
acid and citric acid from plant tissue by use af cat
ion exchanger-water extraction. The investiga
tion was carried out by extraction af rye grass af
ter addition af calcium oxalate ar calcium citrate 
to the samples af frozen plant tissue. The recove
ry (Table 4) for oxalic acid was from 90 per cent to 
97 per cent when calcium oxalate corresponding 
to 20-88 mg oxalic acid per g of plant dry matter 
was added. 

It ean be seen from Table 5 that the recovery 
for citric acid was from 94 per cent to 102 per cent 
when calcium citrate corresponding to 3-8 mg 
citric acid per g of plant dry matter was added. 



Table 5. Recovery of citric acid added to ryegrass as cal
cium citrate. 

Genfindelse af citronsyre i rajgræs tilsat calciumcitrat. 

Addedmgper 
gdrymatter 

Discussion 

3.2 
8.1 

Per cent 
recovery 

94 
102 

When water is used as extractant, addition of a 
strongly acidie cation exchanger releases the an
ions of the organic acids from their salts and at the 
same time denaturates and coagulates the prote
ins. However, the coagulated proteins settled on 
the particles of the cation exchanger and the plant 
material, which makes further extraction difficult 
(Schramm, 1973). Coagulation ofthe proteins by 
boiling the plant tissue before addition of the cat
ion exchanger was found to reduce their harmful 
effect. 

Disintegration of the frozen plant material 
made it possibIe to obtain a representative sam
ple by taking only 3 g fresh weight which also re
duced the amount of cation exchanger necessary 
to obtain the recommended ratio to the plant 
sample. 

As the cation exchanger is disintegrated during 
the extraction the particle size is unimportant. By 
addition of the acidic cation exchanger the cat
ions, including calcium, are exchanged with hy
drogen ions. However, if this process is to finish 
in a reasonably short time it has to be accelera
ted. A possibility for this was to reduce the dis
tance between the particles of the cation exchanger 
and the crystals of the salts. In agreement with 
this it was found that the efficiency of the extrac
tion was increased by increasing the amount of 
cation exchanger and homogenize the suspension 
of plant tissue and cation exchanger. The effect of 
storing the suspension overnight also indicates 
that releasing the acids is not a momentary proc
ess. 

Calcium oxalate is the most sparingly soluble 
salt of the common organie acids in plants and 
most published methods for determination of ox-

alic acid involve extraction with hot or cold hy
drochloric acid (Hodgkinson, 1977). According 
to the results in Table 1 extraction with hot 0.5 or 
1.0 M hydrochloric acid seems to give a quantita
tive extraction of oxalic acids from beet leaves 
which have a relative1y high calcium and oxalic 
acid content. According to the amount of oxalic 
and citric acids found in different plant species 
(Table 2 and 3) cation exchanger-water seems to 
be nearly as effective as 0.5 M hydrochloric acid 
whereas the efficiency seems to be smaller for a 
80 per cent ethanol especially for extraction of ox
alie acid. Since organic acids in plants partly exist 
as salts of different cations which is known to be 
les s soluble in ethanol than in water the above 
findings may be due to the inability of the 80 per 
cent ethanol to dissolve the salts of the acids espe
cially the calcium salts. 

It is interesting that 80 per cent ethanol seems 
to be considerably more effective for extraction 
of citric acid from beet leaves than from ryegrass 
althougt the content of citric acid in the 2 plant 
species seems to be almost the same according to 
results obtained using the 2 other extractants, 
Table 3. 

These findings are probably linked to the oxalic 
acidfcalcium ratio in the 2 plant species. In rye
grass the levelof oxalic acid is low and equivalent 
to only about one fifth of the calcium level (Dijks
hoorn, 1973) whereas the levelof oxalic acid in 
beet leaves is very high and exceeds the levelof 
calcium (Egmond & Houba, 1970). This differ
ence with respect to the content of calcium and 
oxalic acids in the 2 plant species may be respon
sibie for the different capability of 80 per cent eth
anol for extraction of citric acid from ryegrass 
and beet leaves respectively. When beet leaves 
are extracted the whole amount of calcium is pre
cipitated as calcium oxalate and no calcium citra
te which is sparingly soluble in ethanol is formed. 
However, when ryegrass is extracted there is a 
possibility of formation of calcium citrate because 
the levelof oxalic acid is only one fifth of the cal
cium level. 

This mayaiso contribute to explain the dis
agreement between results from investigations of 
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the efficiency of different extraction methods. In 
such investigations Schramm et al., (1977) found 
that an alcohol extraction was satisfactory for ex
traction of citric acid whereas Fauconneau (1958) 
and Roux and Lesaint (1959) found it insufficient. 

The recoveries of citric and oxalic acid added to 
rye grass as calcium citrate and calcium oxalate 
respectively indicate that with the present meth
od it should be possible, to extract citric and ox
alic acid almost quantitatively from most of the 
cultivated plant species. Since calcium citrate and 
especiaIly calcium oxalate are the most sparingly 
soluble salts of organic acids normally present in 
plants it may be expected that the method should 
also be suitable for extraction of the other acids 
present. 

By use of water as extractant it may be expect
ed that the risk of reactions of the extractant with 
the acids should be very small. According to 
Schramm (1973) this might be a problem when 
using alcohol, particularly heated alcohol. Fur
thermore the use of water as extractant has the 
advantage, to the use of organic solvents, that the 
amount of chlorophyll extracted is very small. 
This means that the purification of the extract 
may be reduced to passing it through a cation ex
changer for further deproteinization if necessary 
and then passing it through an anion exchanger. 
The use of an anion exchanger for the purification 
also makes it possibie to concentrate and fracti
onate the acids which makes a determination of 
the acids by ion exchange chromatography more 
accurate (Kyllingsbæk, 1984). 

Conclusion 
Use of the described method makes it possibie to 
extract organic acids including oxalic acid almost 
quantitatively by addition of a strongly acidie cat
ion exchanger to the plant tissue and extract with 
water. The amount of oxalic and citric acid ex
tracted from different plant species was almost 
equal to the amount extracted by 0.5 M hydro
chloric acid. The amount of the 2 acids extracted 
by 80 per cent ethanol was lower. An exception 
was the amount of citric acid extracted from beet 
leaves which was equal for all 3 extractants. 
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An advantage of the present method is that the 
amount of chlorophyll extracted is very small 
which makes the purification of the extract easy 
and simple. 

Literature 
Anonymous (1967): Nordisk metodik-komite for lev

nedsmidler 63 U D C 547.461,2. Teknisk Forlag, Kø
benhavn. 

Dijkshoorn, W. (1973): Organic acids, and their role in 
ion uptake. In: Chernistry and biochemistry of her
bage (Ed. by G. W. Butler & R. W. Bailey) vol. 2, 
163-188. Academic Press London and New York. 

Egmond, F. van & Houba, V. J. G. (1970): Production 
of carboxylates (C-A) by young sugar beet plants 
grown in nutrient solution. Neth. J. agric. Sci. 18, 
182-187. 

Fauconneau, G. (1958): Les acides organiques des plan
tes fourrageres. Ann. Physiol. Veg., I.N.R.A., 
suppl. 1., 1-14. 

Hodgkinson A. (1977): Oxalic acid in biology and medi
cine. Academic Press London. 

Kyllingsbæk, A. (1984): Determination of organic acids 
in plant material. II. Determination of organic acids 
in plant extracts by anion exchange chromatography. 
Tidsskr. Planteavl 88, 175-181. 

Roux, L. & Lesaint, C. (1959): Mise au point d'une tech
nique de determination des acides organiques chez 
les vegetaux. Ann. Physiol. Veg., I.N.R.A. 1,83-
91. 

Schramm, R. W. (1973): Problems of organic acid analy
sis. BuH. Soc. Arnis. Sci. Lettr. PoznaIi, D-14, 193-
209. 

Schramm, R. W., Hadas, E., Mossor-Pietraszewska, T. 
& Stadvik, T. (1977): The influence of extraction 
manner on the quantitative assay of organic acids in 
plant material. BuH. Soc. Arnis. Sci. Lettr. PoznaIi, 
D-17,169-181. 

Taylor, T. G. (1953): modified procedure for the micro
determination of citric acid. Biochem. J. 54, 48-49. 

Manuscript received 8 July 1983. 


