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HPLC DETERMINATION OF OXALIC ACID 
IN COCOA 

W. Jeffrey Hurst, J .  M. McKim, and 
R. A. Martin, Jr. 

Hershey Foods Corporation 
Analytical Research and Laboratory Services 

1025 Reese Avenue 
P. 0. Box 805 

Hershey, Pennsylvania 1 7033-0805 

Abst rac t  

An HPLC method i s  descr ibed f o r  t h e  determinat ion o f  o x a l i c  a c i d  i n  cocoa 

and m i l k  chocolate. Samples a r e  ex t rac ted  using 6N HC1; a f t e r  e x t r a c t i o n  t h e  

pH o f  an a l i q u o t  i s  adjusted t o  6.0 and i n t e r f e r i n g  substances a r e  e l im ina ted  

through t h e  use o f  a C i s  Sep-pak@. 

monolayer reversed phase column w i t h  an i o n - p a i r i n g  mobi le phase and 

electrochemical  de tec t ion .  The r e s u l t s  i n d i c a t e  e x c e l l e n t  accuracy and 

p r e c i s i o n .  

The f i n a l  HPLC determinat ion  uses a 

_. I n t r o d u c t i o n  

A n a l y t i c a l  methods f o r  t h e  de terminat ion  o f  o x a l i c  a c i d  i n  var ious 

matr ices have included phys ica l  methods such as o p t i c a l  microscopy, x-ray, 

d i f f r a c t i o n ,  e l e c t r o n  d i f f r a c t i o n  and e l e c t r o n  microprobe. These methods 
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2182 HURST, MC KIM, AND MARTIN 

requ i re  equipment t h a t  i s  not w i t h i n  the  scope o f  many a n a l y t i c a l  

labora tor ies .  Other methods t h a t  have been used inc lude several co lo r ime t r i c  

assays which i nvo l ve  the  reac t ions  o f  oxa l i c  ac id  w i t h  phenylhydrazine ( 2 ) .  o r  

reac t i on  w i t h  2.7-dihydrqxynaphthalene and chromotropic ac id  ( 3 ) .  

methods have r e l i e d  on t i t r a t i o n  w i t h  permanganate (4.5). The f luoromet r ic  

assay involves the  quenching of t he  fluorescence o f  a 1:l z i rconium-f lavanol  

che la te  w i t h  oxa la te  (16).  

4.1.1.2) (7,8), i o n  se lec t i ve  electrodes technlques (9) and GLC (10.11) have 

a l s o  been used. 

Volumetric 

Enzymatic methods using oxalate decarboxylase ( E C  

HPLC can be used f o r  the  determinat ion o f  var ious organic acids i n  samples 

o f  food (12) and has been success fu l l y  app l ied  t o  the  determinat ion o f  oxa l i c  

ac id  i n  samples o f  spinach.( l3)  The use o f  HPLC coupled w i t h  the  

electrochemical  de tec tor  al lows the  s p e c i f i c  determinat ion o f  oxa l i c  ac id  i n  

many sample types; i t  has a l so  been app l ied  t o  the  determinat ion o f  oxa l i c  

ac id  i n  samples o f  u r i ne . ( l 4 )  

This paper repor ts  a rap id  accurate method f o r  the  determinat ion o f  oxa l i c  

a c i d  i n  samples o f  cocoa. 

Experimental 

Eaui Dment 

The HPLC equipment used consisted o f  an M6OOOA Solvent De l ivery  System 

(Waters Associates), a Model 7120 Loop I n j e c t o r  equipped w i t h  a 50 pl loop 

(Rheodyne Instruments) and a Model LC-4 Electrochemical Detector equipped w i t h  

a glassy carbon e lec t rode (E ioana ly t i ca l  System). 

maintained by using an e lec t ron i c  column heater se t  a t  24OC (Jones 

Chromatography). 

mn) (E S I ndus t r i es ) .  The de tec tor  was se t  a t  +1.25 v o l t s  vs. AgCl i n  the  

ox ida t i ve  mode @ 50 n a f s .  

thrbugh use o f  a CR-PA Data U n i t  (Shimadzu S c i e n t i f i c ) .  

HPLC Mobile Phase 

Column temperature was 

The HPLC column was a MC-18 reversed phase (4.6 mm I .D .  x 25 

Data a c q u i s i t i o n  and ana lys is  was accomplished 

The HPLC mobile phase was made by adding 1 m l  o f  a 25% so lu t i on  o f  

hexadecy l t r imethy lanon ium ch lo r i de  (F isher  S c i e n t i f i c )  and 7.5 g o f  
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OXALIC ACID IN COCOA 2783 

KHnP04 t o  500 m l  o f  water. A f t e r  these components are i n  so lu t ion .  500 m i  

o f  HPLC grade methanol was added; t h i s  mobi le phase was mixed thoroughly, 

f i l t e r e d ,  and degassed p r i o r  t o  use. 

Ex t rac t i on  o f  Samples 

Weigh 1.0 g o f  cocoa t o  the  nearest mg i n t o  a 100 m l  beaker. Add 75 m l  o f  

d i s t i l l e d  water and ad jus t  the  pH t o  1.750.1 w i t h  6N HC1; heat t o  50°C+50 i n  a 

water bath f o r  30 minutes and cool  t o  room temperature. Transfer t he  so lu t i on  

t o  a 100 ml volumetr ic f l a s k  and d i l u t e  t o  volume w i t h  water. F i l t e r  the  

r e s u l t i n g  so lu t i on  through SLS 58 prepleated f i l t e r  paper o r  equivalent.  

P ipe t te  1.0 m l  o f  t he  f i l t e r e d  so lu t i on  i n t o  a 150 m l  beaker and add about 75 

m l  of water and ad jus t  the  pH t o  6.050.1 w i t h  0.1% NaOH. 

adjustment. t r a n s f e r  t he  r e s u l t i n g  so lu t i on  t o  a 100 m l  volumetr ic f l a s k  and 

d i l u t e  t o  volume w i t h  water. 

Lamjle Cleanup 

A f t e r  t he  pH 

A C i e  Sep-pak (Waters Associates) was used f o r  removal o f  contaminants 

and in te r fe rences .  

fo l lowed by 5 m l  o f  HzO. Ten m l  o f  t he  f i n a l  so lu t i on  obtained from sample 

prepara t ion  were passed through the  Sep-pak. The f i r s t  2 m l  were discarded 

and the  next 8 m l  were used f o r  t he  r e s u l t i n g  ana lys is .  

Standard 

It was prepared f o r  use by r i n s i n g  w i t h  3 m l  o f  CHoOH 

Twenty mg o f  oxa l i c  ac id  (Sigma Chemical Co.) were placed i n  a 100 ml 

volumetr ic and d isso lved i n  water f o r  a f i n a l  concentrat ion o f  0.2 mg/ml.  

This standard was stored a t  4OC and replaced weekly when peak shape o f  t he  

standard de ter io ra ted  o r  when m u l t i p l e  peaks were evident i n  the  chromatogram 

o f  t he  standard. 

HPLC Analysis 

A 50 ~1 a l i q u o t  o f  t he  so lu t i on  obtained from the  Sep-pak cleanup was 

i n j e c t e d  onto the  HPLC w i t h  the  mobile phase f low ing  a t  2.0 ml/min. 

concentrat ion o f  oxa l i c  ac id  was ca lcu la ted  by comparison o f  t he  peak area o f  

sample w i t h  peak areas o f  p rev ious ly  run ex terna l  standards o f  oxa l i c  acid.  

The 
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2784 HURST, MC KIM, AND MARTIN 

Results and Discussion 

Representative chromatograms of an oxa l i c  ac ld  standard and cocoa e x t r a c t  

a re  seen i n  Figures 1 and 2. 

f o r  p rec i s ion  and accuracy. 

using a 1 gram cocoa mat r ix .  

The method prev ious ly  described was evaluated 

Table 1 ou t l i nes  the  r e s u l t s  o f  a p rec i s ion  study 

The r e s u l t s  i nd i ca te  t h a t  t he  assay e x h i b i t s  good p rec i s ion  w i t h  a Cv o f  

3.15% f o r  f i v e  r e p l i c a t e  determtnat ions.  

The l i n e a r  range o f  t he  oxa l i c  ac id  assay was from 0.5-50 vg/ml w i t h  a 

ca lcu la ted  regression c o e f f i c i e n t  (r') o f  0.99 f o r  t h i s  range. 

s e n s i t i v i t y  was found t o  be 5 pg/g based on o r i g i n a l  sample weight a t  2 

t imes S/N. 

The 

The accuracy o f  t he  assay was evaluated and Table 2 surmarizes the  

accuracy data i n  t h e  cocoa mat r ix .  

The cocoa recovery ind ica tes  exce l l en t  accuracy. 

A small survey of ava i l ab le  imported cocoa l i quo rs  was conducted t o  ob ta in  

in fo rmat ion  about the  r e l a t i v e  concentrat ions o f  oxa l i c  ac id  i n  samples o f  

cocoa l i q u o r  obtained from d iverse  geographic loca t ions .  These data a re  

summarized i n  Table 3. 

Table 1 

Cocoa Prec is ion  Study 

Concentration o f  

Oxal ic Acid (mg/s) Cocoa A l i auo t  & 

1 6.73 

2 6.98 

3 6.40 

4 6.60 

5 6.66 

- 
x = 6.67 
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Colunn: MC-18 (E S Industries) 

Detector: Electrochemical with 
G1 assy Carbon Electron 
P +1.25 volts vs. AgCl 

Oxalic 
Acid 

0 3 6  
minutes 

Figure 1 

Chromatogram of Oxal ic Acid Standard 
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Coluiiln: PIC-18 ( E  S Industries) 

Detector: Electrochemical w i t h  
G1 assy Carbon Electron 
@ 4.1.25 volts V S .  AgCl 

O x a l  ic 
Acid 

/ - 
0 3 6  

ii?i ilu t e s  

Figure 2 

Chronatogram o f  Cocoa Extract 
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OXALIC ACID IN COCOA 2787 

Table 2 

Cocoa Recovery Study 

n = 2  

1 gram sample s i z e  

Amt.  Added (ms l  Amt .  Recovered ( m d  X Recovery 

(6.67 mg/g) no add - - 

5 5.16 103.2 

10 10.19 101.9 

15 14.27 95.1 

20 19.81 101.1 
- 
x = 100.3 

Table 3 

Survey of  Cocoa Liquors f o r  Oxal ic Acid Content 

Concentrat ion o f  Oxa l ic  Acid 

L iauor  T m e  (mq/g) 

T r i n i d a d  3.62 

Bahia 3.26 

New Guinea 2.75 

I v o r y  Coast 3.20 

Hispaniola 3.20 

These r e s u l t s  i n d i c a t e  an average o x a l i c  a c i d  concent ra t ion  i n  these f i v e  

samples o f  3.21 mg/g. 

cons ider ing  t h e  wide geographical area covered by these samples. 

The narrow spread o f  t h i s  data i s  somewhat s u r p r i s i n g  

Electrochemical  d e t e c t i o n  a l lows t h e  use o f  t h e  unique electrochemical  

character o f  o x a l i c  a c i d  and i t s  subsequent s e l e c t i v e  and s e n s i t i v e  

de tec t ion .  Oxa l ic  a c i d  i s  a s t rong a c i d  w i t h  a f i r s t  Pka o f  1.23. The o x a l i c  
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2788 HURST, MC KIM, AND MARTIN 

a c i d  d i d  n o t  e x h i b i t  t h e  pass iva t ing  e f f e c t  on t h e  d e t e c t o r  as was reported by 

o t h e r  researchers when eva lua t ing  t h i s  d e t e c t i o n  mechanism f o r  t h e  

determinat ion o f  o x a l i c  a c i d  i n  u r i n e . ( l 4 )  

o f  a j u d i c i o u s  sample cleanup i n  t h i s  assay e l im ina ted  many compounds which 

might have fou led  t h e  glassy carbon e lec t rode.  

One can o n l y  surmise t h a t  the  use 

The data generated i n  these s tud ies  compared w e l l  w i t h  data from t h e  

l i t e r a t u r e  (1) where cocoa was reported t o  have contained 623 mg o f  o x a l i c  

a c i d  per  100 grams. 

10-12% f a t  cocoa would be 667 mg per  100 grams. 

I n  t h i s  study, t h e  average o x a l i c  a c i d  content o f  a 

I n  sumnary. an HPLC method has been developed t o  a l l o w  t h e  de terminat ion  

o f  o x a l i c  a c i d  i n  samples o f  chocolate and cocoa w i t h  good accuracy and 

prec is ion .  
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