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STUDIES ON OXIDASE ACTIVITY IN POTATO TUBERS 

I. o-PHENYLENEDIAMINE AS A COLORIMETRIC REAGENT * 

by 

JAMES S. WALLERSTEIN, RALPH THOMAS ALBA, AND MARY G. HALE 

Overly Biochemical Research Foundation, New Yorh, N .Y .  (U.S.A.)  

INTRODUCTION 

The ability of certain plant extracts, (from mushrooms, potatoes, etc.) to oxidixe 
monophenols, such as cresol and tyrosine, as well as polyphenols, such as catechol, 
with the aid of molecular oxygen has been variously attributed to the action of a 
single enzyme (tyrosinase) or of multiple enzymes (monophenolase, polyphenolase). 
The reaction passes through a series of intermediate, more or less well-defined stages 
and leads eventually to insoluble, dark pigments designated as melanin. The subject 
has been reviewed by RAPER 1, and, more recently, by NELSON and DAWSON ~. 

In the case of the potato, the reaction is apparently due to the action of a single 
enzyme tyrosinase, upon the substrate, tyrosine z. It is known that  this amino acid 
occurs in free form in potato tubers 3 

In the enzymatic oxidation of monophenols, the first step presumably consists 
in the introduction of a second OH-group in the ortho position to the one already 
present, turning the mono into a polyphenol. From there on, further stages in the 
process are the same as in the polyphenol oxidation 1. In the intact potato tuber, this 
reaction is prevented by the spatial separation of enzyme and substrate. When the 
substrate and tyrosinase are brought into contact, in the presence of molecular oxygen, 
through rupture of the tissue cells, as in peeling or dicing, or by freezing, bruising or 
bacterial infection, the oxidation of tyrosine is initiated, and a grey discoloration 
occurs on the potato surface. 

In the industrial dehydration process, cut potato dices or slices are ,,blanched" 
in boiling water or steam to inactivate the tyrosinase prior to dehydration in the air 
tunnel. Sulfite has also been employed for the purpose. This blanching greatly improves 
the quality of the dehydrated vegetables 4. Excessive blanching, however, impairs 
the quality of the products s so that  a precise control of the blanching procedure is 
of considerable importance. 

To test for the completeness of blanching, various test methods have been 
employed for determining residual enzymatic activity, involving the application of 
indicators susceptible t o  enzymatic oxidation on the cut surface of the potato slice 

* The subject matter of this paper has been undertaken in cooperation with 
t h e  Quartermaster Corps Committee on Food Research. 
Rel~me~ M e  z85. 
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or dice 6 e.g., guaiacol, benzidine, or gum guaiac for peroxidase ; catechol and p-cresol 
for oxMase activity. 

The enzymatic discoloration tendency of potatoes has also been determined 
photometrically by the degree of spontaneous color formation through the interaction 
of potato oxidase and potato substrate, presumably tyrosine, in macerated tuber 
tissue under standard conditions 7. 

In the present experiments, the aim was to measure the colorforming capacity 
of a potato sample by trapping one of the intermediary products of the melanin for- 
mation and to form a stable complex which could readily be determined by colori- 
metric means. 

Principle ol Method 

It  was anticipated that  the o-quinones formed in the course of the tyrosine 
melanin reaction ~ might react with o-phenylenediamine to form colored condensation 
products. 

The relatively low PH (6.0) of the potato maceration juice would favor a con- 
densation of the following type s: 

NH~ O: CNV/] 

o-phenylene o-qumono phenazme 
dlamino 

It was indeed found that,  when raw potato dices were mechanically dispersed 
in a medium containing o-phenylenediamine and in the presence of oxygen, a highly 
colored compound was formed which was water-soluble and, unlike the spontaneous 
coloration of the juice itself, was extractable with organic solvents. No coloration 
was produced in completely blanched potatoes, and the depth of color formed with 
any given sample was found to be an inverse function of the extent of blanching. 

In aqueous solution, the coloration became first yellow then orange and finally 
deep orange-red on prolonged standing, but the greying or blackening that occurs when 
the potato extract alone is exposed to air over prolonged periods, and which is due 
to melanin formation, did not take place in the presence of sufficient o-phenylenedia- 
mine. The absence of melanin formation would be anticipated if one of the intermediates 
were fixed by the o-phenylenediamine. We propose provisionally to term the orange 
colored compound, , ,Tyrophenazine" on the assumption that it owes its formation 
to a condensation of the kind indicated above. 

Stabilization of the color formed at any stage of the reaction could be readily 
brought about by extraction with ethyl-acetate, or in the presence of high concentra- 
tions of acetone. The latter procedure proved to be more convenient, since the mace- 
ration juice, after adding acetone, could be readily clarified by simple filtration because 
of the precipitation of the colloids and fine particles by the acetone. The depth of 
color of the acetone-water solution is then measured photoelectrically. 
Re/emnces page x8 3. 
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E X P E R I M E N T A L  

T h e  p o t a t o  s a m p l e s  a re  pee led  a n d  cu t  i n t o  u n i f o r m  dices  of a p p r o x i m a t e l y  i c u b i c  
c e n t i m e t e r  v o l u m e  a n d  k e p t  u n d e r  w a t e r  as m u c h  as poss ib le .  W h e n  a n u m b e r  of d e t e r m i -  
n a t i o n s  are  c a r r i ed  o u t  on  a g i v e n  b a t c h ,  t h e  dices  are  w a s h e d  in  a b e a k e r  for  one  h o u r  
u n d e r  r u n n i n g  t a p  w a t e r  t o  e l i m i n a t e  e x p o s e d  m a t t e r  f r o m  t h e  cu t  cells. 

I n  t h e  b l a n c h i n g  e x p e r i m e n t s ,  d ices  were  cu t  to  a b o u t  I c u b i c  c e n t i m e t e r  size. 
A s ieve  was  p l a c e d  in  a bo i l i ng  w a t e r  b a t h .  T h e  dices were  d r o p p e d  i n t o  t h e  s ieve  w h i c h  
was  w i t h d r a w n  f r o m  t h e  b a t h  a f t e r  a m e a s u r e d  n u m b e r  of seconds .  T h e  v o l u m e  of t h e  b a t h  
m u s t  be  su f f i c i en t  so t h a t  t h e  bo i l i ng  t e m p e r a t u r e  is m a i n t a i n e d  de sp i t e  t h e  a d d i t i o n  of 
t h e  co ld  dices.  

O - p h e n y l e n e d i a m i n e  d i h y d r o c h l o r i d e  ( E a s t m a n  K o d a k  C o m p a n y )  was  m a d e  u p  
f r e s h l y  in  I°/o so lu t ion .  IO ml  of t h i s  r e a g e n t  were  i n t i m a t e l y  m i x e d  w i t h  5 ° g of p o t a t o  
dices,  t o g e t h e r  w i t h  240 m l  of wa te r ,  u s i n g  a W a r i n g  B lendo r .  B l e n d i n g  was  ca r r i ed  o u t  
for  a p e r i o d  of two  m i n u t e s ,  a f t e r  w h i c h  t h e  m i x t u r e  was  s t r a i n e d  t h r o u g h  a c o t t o n  p l u g  
i n t o  a 5oo m l  E r l e n m e y e r  f lask.  T h e  t e m p e r a t u r e  was  m a i n t a i n e d  in  t h e  r a n g e  of 25 ° C 
t o  3 °0 C. 

A f t e r  15 m i n u t e s  h a d  p a s s e d  f r o m  t h e  b e g i n n i n g  of t h e  b l e n d i n g ,  io  m l  of t h e  
s t r a i n e d  m a c e r a t i o n  e x t r a c t  were  p i p e t t e d  i n t o  4 ° m l  of ace tone ,  w h i c h  s t o p s  t h e  e n z y m e  
r e a c t i o n .  T h e  m i x t u r e  is f i l t e r ed  t h r o u g h  W h a t m a n  Z 5 f i l t e r  p a p e r  b y  g r a v i t y  i n t o  a 
c o l o r i m e t e r  t u b e ,  a n d  t h e  color  is d e t e r m i n e d  in  a K l e t t - S u m m e r s o n  p h o t o e l e c t r i c  colori-  
m e t e r  w i t h  a b lue  No. 42 f i l t e r  a g a i n s t  a con t r o l  c o n s i s t i n g  of 80}/0 a c e t o n e  a n d  2oO/o wa te r .  
T h e  a c e t o n e  e x t r a c t  is f o u n d  t o  be  s t a b l e  w i t h  r e s p e c t  to  color  for a t  l e a s t  four  hours ,  a n d  
v i r t u a l l y  s t a b l e  e v e n  a f t e r  24 hours .  

RESULTS 

To d e t e r m i n e  t h e  r e p r o d u c i b i l i t y  of t h e  m e t h o d ,  s e v e n  5 ° g m  b a t c h e s  of w a s h e d  
p o t a t o  dices  were  m a c e r a t e d  in  p r e s e n c e  of o - p h e n y l e n e d i a m i n e  so lu t i on  as desc r ibed .  

T h e  r e s u l t s  o b t a i n e d  are  s h o w n  in  T a b l e  I. 

T A B L E  I 

R E P R O D U C I B I L I T Y  OF COLOR FORMATION WITH O - P H ~ ' N Y L E N E D I A M I N E  

Exper iment  Color Reading of 8o % Devia t ion  % DeviatiGn Reading After 
Acetone Solution 4 Houxs 

3 2 o  

35 ° 
33 ° 
345 
325 
334 
325 

- -13  
17 

3 
I 2  

8 
I 

8 

- -3 .8  
5.1 

----o.9 
3.6 

- -2 .  4 
0. 3 
2. 4 

32O 

345 
332 
34 ° 
329 
334 
3x9 

Average 333 332 

I t  wi l l  b e  seen  t h a t  t h e  m e t h o d  is r e p r o d u c i b l e  w i t h i n  a v a r i a t i o n  of some  5~/o f r o m  
t h e  m e a n  a n d  t h a t  t h e  color  of t h e  a c e t o n e  e x t r a c t s  is s t a b l e  ove r  a p e r i o d  of a t  l e a s t  4 
hours .  

To d e t e r m i n e  t h e  r e l a t i o n s h i p  b e t w e e n  color  f o r m a t i o n  a n d  r e a c t i o n  t ime ,  a ser ies  of 
p o t a t o  m a c e r a t i o n  e x t r a c t s  were  p i p e t t e d  i n t o  a c e t o n e  a f t e r  3, 5, io,  I5, 2o, 2 5 a n d  3 ° 
m i n u t e s  h a d  p a s s e d  s ince  a d d i t i o n  of t h e  o - p h e n y l e n e d i a m i n e .  

T h e  c o m p a r a t i v e  color  f o r m a t i o n  in  s e v e n  d i f f e r e n t  s a m p l e s  of G r e e n  M o u n t a i n  and  
Ca l i fo rn i a  p o t a t o e s  is i l l u s t r a t e d  in  F i g u r e  i .  

I t  wi l l  be  seen  t h a t  t h e  r a t e  of color  f o r m a t i o n  in  a l l  s e v e n  s a m p l e s  fo l lows a c losely  

Relerences page r83. 
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Fig. I. Comparative Rate of , ,Tyrophenazine" Formation.  

similar pattern,  although the color depth varies with the individual  samples used. This is 
presumably due to variations in enzymatic  act ivi ty  of the tubers. 

Six different batches of potatoes were subjected to the previously described blan- 
ching procedure, the dices being held in boiling water for IO, 20, 3o, 4 o, 5 ° and 6o seconds. 
In  all cases, the reaction with the o-phenylenediamine was stopped after 15 minutes.  The 
effect of blanching on the color formation is i l lustrated in Figure 2. 

I t  will be seen tha t  despite a variat ion of some two hundred and fifty percent in  
color formation by the original samples, complete inhibi t ion of , ,Tyrophenazine" forma- 
t ion is achieved in all six samples by blanching for s ixty seconds, and tha t  the degree 
of color formation is in inverse relation to the blanching time. 

To determine the effect of temperature  on the rate of , ,Tyrophenazine" formation, 
the blending was carried out at temperatures ranging from 7 ° C to 65 ° C. The results are 
shown graphically in Figure 3- I t  appears tha t  max imum color formation occurs in the 
vicini ty of 4 °o C, but  tha t  not  much lower values are obtained within the range of 25--3 °0 
C selected for the test, mainly  for reasons of convenience. 

The effect of the hydrogen ion concentrat ion was determined by the addit ion of 
phosphoric acid and sodium hydroxide solution to the mixture in the Blender prior to 
maceration, and the degree of color formed was compared with tha t  produced in the 
unadjus ted  mixture.  See Figure 4. 

The hydrogen ion concentrat ion was determined in the blended extracts by means 
o f  a BECKMANN PH meter. 

I t  will be seen tha t  max imum color formation occurred near PH 5 .o, which was the 
PH of the unadjusted mixture. This is more acid than  the PH of the potato juice alone 
which is approximately  PH 5.9. 

Re/erenves page x83. 
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Fig. 4. Compara t ive  Format ion  of ,,Tyrophenazine" at 
Varying  Hydrogen- Ion  Concentrat ions.  

Pre l iminary  exper iments  ind ica ted  t ha t  the  ex ten t  of color format ion increases 
somewhat  wi th  increasing oxygen supply.  

Purif ied po ta to  phenolase, prepared  essent ia l ly  according to  KUB0WlTZ 11 showing 
an ac t iv i ty  of 66 catecholase uni ts /ml  when tes ted  by  DAWSONS'S chronometr ic  method n, 
failed to give rise to appreciable  color format ion when added to an o-phenylenediamine 
solution of the  same concentra t ion as employed in the present  s tudy.  The addi t ion  of a 
macera t ion  ex t rac t  from fully blanched pota toes  to the  sys tem resulted in the  formation 
of color, indica t ing  tha t  the product ion of , ,Tyrophenazine"  is not  s imply  due to  a direct  
ox ida t ion  of the  o-phenylenediamine.  Tha t  a subs t ra te  present  in the  po ta to  t issue is 
involved in the  react ion is fur ther  suppor ted  by  the observat ion  t ha t  the format ion of 
, , tyrophenazine"  is marked ly  increased by  the addi t ion  of blanched po ta to  ex t rac t  to the 
mix ture  of raw po ta to  ex t rac t  and o-phenylenediamine.  

DISCUSSION 

The  sequence of events  leading  f rom tyros ine  to  melan in  has  been p ic tu red  

CH,'CH(NH2).COOH CH2"CH(NH 2).COOH CH¢CH{NH~I'COOH 

OH OH 0 
Tyromne 3t4<lihydroxy- 3:4-qutnone of 

[ phenylalanine phenylalamne 
lI Ill 

by RAPER 1 : 

o( cH :ofiqc. 
.ovvc.coo.  ovNc.c ..ovvc. 

NH NH NH 
5.-~dihydroxydihydro. "Red Body" 5:@dihydroxymdole 

mdoie-g-esrboxylic acid [Quinone of IV) VI 
IV V 

Rt/erences page 183. 
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The 5 : 6  dihydroxyindole (VI) through loss of hydrogen, further uptake of 
oxygen, and condensation yields melanin, the end-product of the process. 

Of the various intermediates shown in the schema, the orthoquinoid forms 
(III and V) would seem to be the most likely to react with the reagent employed in 
this study. 

The tendency of compounds containing two adjacent CO groups to form con- 
densation products with o-phenylenediamine, has been utilized in a number of reac- 
tions. Thus, the coupling of alloxan with o-phenylenediamine in neutral or weakly 
acid solution to yield alloxazine was described by KUEHLING 8. A number of alloxa- 
zincs, substituted in the benzene and the alloxan ring of the molecule, have been pre- 
pared in an analogous manner by K. G. STERN and his co-workers 9 

In the instance of o-quinones as reaction partners, phenazines are formed as 
shown in page 3. The condensation of o-phenylenediamine with the ,,Red Body" 
isolated by RAPER as intermediate in the tyrosine-tyrosinase reaction (5:6-dioxy- 
dihydroindole-2-carboxylic acid), would be expected to yield the following four-ring 
heterocyclic compound : 

o:V[vL. oo. 
NH NH 

o-phenylene "Red Body" of ~' Tyrop~enazine" 
diamine Tyrosme Oxidatmn 

The actual chemical structure of the orange-colored compound here observed 
is at present under investigation. Its behavior on reduction with hydrosulfite and re- 
oxidation with air, both in mineral-acid, weakly acid, and neutral solutions, indicates 
that it represents a reversible oxidation-reduction system as would be expected of a 
compound of the type cited above. 

It should be mentioned that the action of purified horse radish peroxidase 
and HsO a on o-phenylenediamine hydrochloride produces a strongly red colored com- 
pound which may also be reduced and reoxidized reversibly, but which in detail shows 
some differences in behavior with ,,Tyrophenazine". The direct oxidation of o-phenyl- 
enediamine would be expected to yield as a primary product o-phenylenediamine 
which might then condense with unchanged o-phenylenediamine to form a phenazine 
derivative. Thus it is known that FeC13 oxidizes o-phenylenediarnine in weakly acid 
solution to 2 : 3-diaminophenazine 2. 

SUMMARY 

I. When an aqueous solution of o-phenylenediamine reacts with macerated potato 
tissue in presence of air, a pronounced coloration occurs which is at first yellow and then 
orange and finally deep orange-red. The color is extractable in various organic solvents. 
It  may be conveniently stabilized in 8O°/o acetone which also permits ready filtration and 
photometric determination of the clarified extract. 

2. For a given sample of potatoes, the amount of coloration formed is in inverse 
relation to the blanching time and is completely inhibited in fully blanched potatoes. 

R#fe,6~scts pagt z83. 6 
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Maximum color formation was found to occur when the reaction is carried out at  4 °o C 
and at  a hydrogen concentrat ion in the vic ini ty  of PH 5. o. 

3. The method was found to be reproducible within about  5~/o, under the condi- 
t ions described. Various samples of potatoes differing widely in their final coloration 
showed a similar pa t te rn  of color increase. 

4. The possible mechanism of the underlying reaction is discussed in terms of a 
condensation of the o-phenylenediamine with an orthoquinoid intermediate  of the tyro- 
sinase-tyrosine reaction to form a phenazine-like compound. For this reason, the provi- 
sional name ,,Tyrophenazine" is suggested for the orange-red compound observed in the 
present experiments.  

RI~SUM~ 

I. Quand une solution aqueuse de o-ph6nyl~ne-diamine r@agit sous l 'act ion de 
tissus de potatoes de terre mac6r@s en pr@sence de l 'air  une coloration prononc6e se produit .  
Cette coloration passe du jaune ~ l'orang@ et f inalement  devient  rouge-orange. Le colorant 
peut  ~tre extrai t  au moyen de divers solvants organiques, I1 peut  ~tre stabilis6 dans 
l 'ac~tone ~ 80 ~/o, ce qui permet @galement la f i l t rat ion et la d6terminat ion photo- 
m6trique rapides de l ' ex t ra i t  clarifi6. 

2. Pour un 6chantillon donn@ de pommes de terre, le degr@ de coloration obtenu est 
inversement  proportionnel ~, la dur6e de blanchiment  et la coloration est compl~tement 
inhib@e dans les potatoes de terre enti~rement blanchies. On a trouv6 que la coloration 
a t te in t  son degr@ max imum quand la r@action a lieu ~ 4 °°  C et quand la concentrat ion 
d'ions de l 'hydrog~ne, est voisine de PH 5 .o. 

3. On a trouv6 que la m$thode est reproductible dans les limites de 5~/o environ 
dans les conditions d6crites. Divers 6chantillons de pommes de terre, dont  la coloration 
finale diff@rait notablement ,  pr6sentaient  la m~me gamme de coloration. 

4. Le m@canisme que Yon suppose 8tre g la base de la r6action est une conden- 
sation de la o-ph6nyl~ne-diamine avec un interm6diaire orthoquinoide de la r@action 
tyrosinase-tyrosine formant  un compos@ semblable ~ la ph@nazine. C'est pourquoi le terme 
, , t y rophdnaz ine"  a 6t6 propos6 pour d@signer provisoirement le compos6 rouge-orange 
observ6 dans les exp@riences en question. 

ZUSAMMENFASSUNG 

I. Wenn eine w~sserige o-Phenylendiaminl6sung mit  maceriertem Kartoffelgewebe 
in Anwesenheit yon Luft  reagiert, t r i t t  eine starke FXrbung auf, die zun~chst gelb ist, dann  
orange und schliesslich tier orange-rot wird. Der Farbstoff kann  dutch verschiedene orga- 
nische L6sungsmittel  extrahiert  werden. Er kann  in 8o-prozentigem Aceton stabilisiert  
werden, wodurch auch eine schnelle Fi l t r ierung und photometrische Best immung des 
gekl~rten Extraktes  erm6glicht wird. 

2. Ffir eine gegebene Kartoffelprobe steht  der F~rbungsgrad in umgekehrtem Ver- 
h~ltnis zur Bleichdauer ; bei vollkommen gebleichten Kartoffeln wird die F~rbung voll- 
st~,ndig verhindert .  Maximale F~rbung t r i t t  ein, wenn die Reaktion bei 4 °0 und einer 
Wasserstoffionenkonzentration yon PH ca. 5.o stat tf indet .  

3. Unter  den beschriebenen Bedingungen ist die ZViethode innerhalb  einer Grenze 
von 5% reproduzierbar. Verschiedene Kartoffelproben, deren Endf~rbung grosse Unter-  
schiede aufwies, zeigten t rotzdem einen ~hnlichen Anstieg der F~rbung. 

4- Der m6glicherweise der Reaktion zugrunde liegende Mechanismus wird als 
Kondensat ion des o-Phenylendiamins mit  einem orthochinoiden Zwischenprodukt der 
Tyrosinase-Tyrosin-Reaktion diskutiert, unter  Bildung einer phenazin~klichen Verbind ung. 
Aus diesem Grunde wurde vorl~ufig der Name ,, T y r o p h e n a z i n "  fiir die in den vorliegenden 
Exper imenten beobachtete orangerote Verbindung vorgeschlagen. 

Re/e~ences page z83. 



VOL. 1 (1947) OXIDASE ACTIVITY IN POTATO TUBERS I83 

REFERENCES 

x H. S. RAPER, Ergeb. Emymforschung, 1 (1932) 270-9. 
I j .  M. NELSON and C. R. DAWSON, Advances in Enzymology, Vol. IV, 1944. 

, ,Tyrosinase" ,  p. 99. 
s FRANK ROSS, 1V[. T. HILBORN, and L. C. JENNES, Food Packer, (Sept. 1945) 38. 
• W. V. CRUESS, Ind. Eng. Chem., 35 (1943) 53. 
6 B. CAMPBELL, H. LINEWEAVER, and H. MORRIS, Food Industries, 17 (April, 1945) 

384-6. 
6 B. E. PROCTOR, Food Industries, 14 (Nov., 1942 ) 51-52. 

J. s. WALLERSTEIN, Enzyme  Studies on Whi t e  Potatoes ,  Proceedings of the Sub- 
sistence Research en Development Laboratory, Conference No. I of the  Quar te rmas te r  
General A r m y  Service Forces,  Chicago, Il l inois.  February ,  1945. 

8 0 .  I~IUEHLING, Bet. Dtsch. Chem. Ges., 24 (1891) 2363. 
0 K. G. STERN and E. R. HOLIDAY, Bet. Dtsch. Chem. Ges., 67 (1934) 1442. 

x0 F. KUBOWlTZ, Biochem. Z., 292 (1937) 221. 
xx W. H. MILLER and C. R. DAWSON, J. Am. Chem. Soc., 63 (1941 ) 3375, 66 (1944) 

514 • 
xm p. KARRER, Organic Chemistry, New York, Elsevier ,  1938 p. 419 • 

The  au thors  wish to t h a n k  D r  KURT G. STERN, Dr  A. FRANK ROSS, and Dr.  M. 
A. ANSON for the i r  a id  and  in teres t .  

Rece ived  Apr i l  I2 th ,  1946. 


