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During dehydration of sweet potatoes, injury to the plant tissue, by heat or mechanical
handling used in processing, results in activation of the polyphenoclases and discoloration

of the product.

In determining the mechanism of this enzymatic discoloration, the presence

of monophenolase, catecholase, and cytochrome ¢ oxidase activities in various extracts
prepared from the sweet potato was demonstrated by the differential effects of inhibitors,

electron donors, and mediators.

The in vivo discoloration of the tissue of the sweet potato

may be caused, when the balance between the rate of oxidation (and subsequent reduc-
tion by ascorbic acid) of naturally occurring chlorogenic acid is affected by accelerating
the rate of oxidation or decreasing the available quantity of reduced ascorbic acid during

raw storage or processing.

THE IMPORTANCE OF COPPER OXIDASES
in plant respiration is not clearly
understood. Upon injury of the plant
tissue the uptake of oxygen is greatly ac-
celerated, indicating that one of the roles
of the copper oxidases may be as pro-
tective enzymes to form tanninlike
products as protective coats for the in-
jured tissue. The acceleration of the
oxidation leads to the reaction inactiva-
tion of the oxidases and to the formation
of products that discolor the tissues
(2-4.7,9-11,15).

During the dehydration of sweet po-
tatoes, the injury to the plant tissue, by
the heat and the mechanical handling
used in processing, results in activation
and/or acceleration of the activity of the
copper oxidases, mono- and polyphenol-
ases, and leads to the discoloration,
greening or browning, of the product.
From a practical point of view, the
sweet potatoes may be preheated to a
point just below the “‘activation’ tem-
perature of the oxidase, and then the
temperature of the surface layers of the
sweet potato rapidly increased to an ““in-
activation” temperature of the oxidase
during peeling operations. After dicing,
the product may be steamed to inacti-
vate the portion of the oxidase found in
deeper layers (74). The effectiveness of
this procedure depends primarily on the
condition of the raw material at the
time of processing (7) and on the rapidity
with which the necessary operations can
be performed.

The purposes of this investigation were
to determine some of the properties of
the mono- and polyphenolases which
cause the discoloration of sweet potatoes
during processing, to evaluate the rela-
tive mono- and polyphenolase activities
in different extracts, and to indicate the
presence of cytochrome ¢ oxidase in the
sweet potato.

Methods

The enzymatic activities were fol-
lowed in a respirometer at 25° C. by the
rate of increase in oxygen uptake. The
flasks contained: buffer, 0.3 ml. of
0.5M phosphate, pH 6.7 or as indicated;
electron donor, 3.0 mg. of hydroquinone,
3.0 mg. of ascorbic acid, or 20 mg. of
catechol; mediator of the oxidation of
the donor, 0.1 mg. of catechol, 0.1 mg.
of chlorogenic acid, or 0.3 mg. of cyto-
chrome ¢; enzyme extract and distilled
water to give a total volume of 2.8 ml.
A carbon dioxide absorber, filter paper
wet with 0.2 ml. of 109 potassium hy-
droxide, was placed in the center well.
After temperature equilibrium had been
reached, electron donor and/or mediator
of the oxidation of the donor were added
from the side arm at zero time (5, 6).

Materials

Sweet potatoes of the Unit I PuertoRico
variety were obtained directly from a
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grower. They were washed and peeled.
The peelings and cortex were removed,
and 150 grams of these materials were
blended with 300 grams of ice and so-
dium barbiturate equivalent to a con-
centration of 0.05M for 5 minutes.
The temperature of the homogenate was
maintained at less than 3° C. This
homogenate was filtered through cheese-
cloth and clarified at 500 X gravity for
15 minutes. The pulp was discarded.
The supernatant was designated as ex-
tract A,

Extract B was made by centrifuging
100 ml. of extract A at 16,000 X gravity
for 15 minutes. The supernatant was
discarded, and one sixth of the sediment
was dispersed in 10 ml. of water by means
of a hand homogenizer.

Extract C was made by dispersing
two thirds of the sediment from extract
B in 80 ml. of 0.01M sodium barbiturate
and by centrifuging at 16,000 X gravity
for 15 minutes. The supernatant was
discarded, and the washing operation
was repeated. The sediment from the
second washing was dispersed in 20 ml.
of 0.01M sodium barbiturate. These
methods are similar to those used by
Goddard and Holden (6) in preparing
extracts of white potato.

The extracts were stored under oil in a
refrigerator at about 4° C. Usually
fresh extracts were made for each series
of tests.

All chemicals were c.p. grade, with the
exception of catechol, in which the c.p.
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Table |. Evaluation of Extracts from Sweet Potatoes for Oxidase Adctivity®

Oxidase Hydro- Cyto-
Extract  Catechol quinone  chrome ¢
A - -+ -
b + —
+ — —_
B - + -
+ — —
b + —
Ale b + —_
- + b
B'e b + —
— + y
Cle b -+ —
_ + b
— + —
@+ or —.

catechol, 20 mg., or hydroguinone, 3 mg.

Time, Minutes
1 3 5 13 15

Oxygen Uptake, ul.

4 12 22 51 65
15 29 45 97 111

13 32 47 Lo 112
0 0 0 1n
13 32 51 Lo 152
8 21 38 ... 130

Time, Minutes
i0 20 30 40

94 173 ... c
1 3 3 3
60 113 128 142
9 22 30 40
25 53 70 81
8 18 29 36
0 0 0 0

Presence or absence of chemical in electron donor concentration—i.e.,

b Presence of chemical as mediator of oxidation of electron donor—i.e., catechol, 0.1 mg.,

or cytochrome c, 0.3 mg.
< A, B, C'.

Extracts prepared and tested during a different season than A, B extracts.

grade was further purified by crystalliz-
ing from five times its weight of toluene.
Fresh solutions of the reagents were pre-
pared as required.

Results

An evaluation of the oxidase ex-
tracts, prepared from sweet potatoes by
a method similar to that used by God-
dard and Holden (6), is given in Table I.
It is observed that crude extract A con-
tained both monophenolase and o-
dihydroxyphenolase activities. Kertesz
has indicated that the monophenolase
and o-dihydroxyphenolase activities may
be due to a single enzyme, with traces
of cupric ion and naturally occurring
electron mediators participating in the
oxidation of the monophenols (8).

Extract A was active with substrates of
hydroquinone, catechol, or hydro-
quinone containing a trace of catechol.
However, when the last two substrates
were used, the activity of the oxidase was
apparently greaterr than when hydro-
quinone alone was used. The addition
of cytochrome c¢ as a mediator of the
oxidation to the hydroquinone sub-
strate did not increase the oxygen uptake.

Extracts B and C (less water-soluble
than A and more tightly bound to the
particulate matter) contain practically
no monophenolase activity, as demon-
strated by the absence of activity with
aqueous hydroquinone as a substrate.
However, B and C contain o-dihydroxy-
phenolase and cytochrome c¢ oxidase
activities, as demonstrated by oxygen
uptake with aqueous hydroquinone con-

Inhibition of Sweet Potato Oxidases by Addition of Phenyl-

thiourea and Potassium Cyanide to Extract C'°

Table Il.
Cyto-

Test Catechol chrome ¢ KCHN
A b - -
B b - -+
C b — —
D — b —
E - b +
F - Y —

¢ Electron donor, hydroquinone, 3 mg.

+ or —.

Presence or absence of chemical.

Phenyl- Time, Minutes
thiourea 10 20 30 40 50
Oxygen Uptake, ul.

— 68 87 119 135 151
- 4 9 7 32 34
+ o 3 ... R
- 11 24 38 535 64
- 0O 0 0 0 3
-+ 7 26 41 51 60

b Presence of mediator of oxidation of hydroguinone, catechol, 0.1 mg., or cytochrome c,

0.3 mg.

Inhibitor concentration, KCN, 0.05 mg.. or phenylthiourea, 10 mg.
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taining a trace of catechol or cytochrome
c. If present, cytochrome ¢ oxidase is
almost always associated with the partic-
ulate fractions of the cells. When both
mediators of the oxidation of hydro-
quinone were added simultaneously, an
almost additive effect was obtained.
Webster (76) has also reported the pres-
ence of cytochrome c oxidase in the
sweet potato.

In order to show that residual carte-
cholase activity cannot account for
the cytochrome ¢ oxidase activity, the
catecholase activity was selectively in-
hibited by addition of 10 mg. of phenyl-
thiourea, as shown in Table II. Cate-
cholase activity is inhibited practically
1009 on the addition of phenylthiourea;
the cvtochrome c oxidase activity is not
significantly affected. The differential
effect of 0.05 mg. of potassium cyanide,
on the two activities, also shown in Table
I1, is additional evidence for the presence
of two oxidases.

The effect of pH on the activitv of
sweet potato oxidase contained in ex-
tract A is shown in Table III. The
initial rate of oxvgen uptake (first 5
minutes) is relatively constant over the
range of pH 3 t0 7.

The effect of concentration of electron
donor on the activity of sweet potato
oxidase contained in extract B is shown
in Table IV. It is observed that the
initial rate of oxygen uptake (first 5
minutes) is relatively constant over the
range of concentration from 2 to 4 mg.
of hydroquinone.

The effect of concentration of mediator
of the oxidation of hydroquinone on the
activity of sweet potato oxidase con-
tained in extract B is shown in Table IV.
It is observed that the initial rate of
oxvgen uptake (first 5 minutes) is rela-
tively constant for 0.1 and 0.3 mg. of
catechol.

In a previous report, it was shown that
a considerable quantity of ascorbic acid
is present in the raw sweet potato and
that the retention of ascorbic acid is
dependent, in part, on the conditions of
storage of the raw sweet potato, It was
further reported, from a practical point
of view, that the control of discoloration
and of losses of raw materials during
processing by preheating was less effec-
tive when the raw sweet potatoes were
stored at 50° F. than when stored at 60°
or 70° F. for various periods of time.
The loss of ascorbic acid during raw
storage was much greater for products
stored at 30° F. than at other tempera-
tures (7).

Orther workers have reported the pres-
ence of chlorogenic acid and caffeic
acid, a hydrolysis product of chlorogenic
acid (both compounds containing an
o-dihydroxyphenolic ring), in sweet po-
tatoes (72).

Based on information from the litera-
ture and on the results presented, it is



Table 1ll. Effect of pH on Activity
of Sweet Potato Oxidase Contained
in Extract A°

Time, Oxygen Uptake, ul.
Minutes 2 3 4 5 7
5 1 52 58 58 54
10 3 87 105 98 97
15 6 96 115 110 114
20 7 98 117 114 120
25 9 99 122 117 125

¢ Electron donor, hydroquinone, 3 mg.;
mediator of oxidation of hydroquinone,
catechol, 0.1 mg.

Table IV. Effect of Concentration of

Electron Donor or Mediator on

Activity of Sweet Potato Oxidase
Contained in Extract B

Electron Donor Time, Minutes
or Mediator, 5 10 15 20 25

Mg. Oxyaen Uptake, ul. ~
Hydroquinone Catechol, 0.1 Mg.
(donor) (Mediator)
0 O .. ... L
1 27 56 72 83 92
2 38 73 101 123 139
3 42 82 116 142 173
4 38 81 114 145 172
6 34 75 108 142 179
9 24 63 98 132 167
Catechol Hydroquinone, 3 Mg.
(Mediator) (Donor)
0 2 0 o ...
0.02 1229 44 78 ...
0.05 22 51 79 102 126
0.1 42 82 116 142 173
0.3 46 92 132 160 ...

suggested that the in vivo substrate for
the mono- and polyphenolases may be
ascorbic acid, having chlorogenic acid
as a mediator of the oxidation of ascorbic
acid. The chlorogenic acid is enzy-
matically oxidized to its o¢-quinone.
This o-quinone is chemically reduced by
the ascorbic acid to yield chlorogenic
acid and dehydroascorbic acid.  As long
as the initial oxidation of chlorogenic
acid is relatively slow and sufficient re-
duced ascorbic acid is present, discolora-
tion does not occur or occurs very slowly.
When this balance is disturbed by either
“actvation” of the mono- and/or
polyphenolases or by decreasing the
quantity of reduced ascorbic acid by
raw storage losses or processing, the o-
quinones of the chlorogenic acid or simi-
lar type compounds are not reduced but
polymerize to vield products that discolor
the tissue of the sweet potato. A similar
mechanism. involving ascorbic acid, to
account for the in vivo discoloration has
also been proposed for white potatoes
(73).

In Table V, the in vitro oxidation of
ascorbic acid by the sweet potato oxidase
contained in extract B in the presence
of a mediator of the oxidation of ascorbic
acid of catechol or chlorogenic acid is
demonstrated.

Summary

The presence of monophenolase, cate-
cholase, and cytochrome ¢ oxidase
activities in various extracts prepared
from the sweet potato was demonstrated.
It was shown that the more water-
soluble fraction of the phenolase con-
tained both monophenolase and cate-
cholase activities and that the fraction
of the oxidases more tightly bound to the
particulate matter contained catecholase
and cytochrome ¢ oxidase activities.
The presence of two distinctly different
oxidases was demonstrated by the dif-
ferential effects of inhibitors (phenyl-
thiourea and potassium cyanide) on their
activities. The effects of pH and con-
centrations of electron donor and. ’or
mediator of the oxidation of the donor on
the activities were shown.

It is suggested that the in vivo dis-
coloration of the tissue of the sweet po-
tato is caused when the balance be-
tween the rate of oxidation (and subse-
quent reduction by ascorbic acid) of
chlorogenic acid is affected by accelera-
tion of the rate of oxidation, or by de-
crease of the available quantity of re-
duced ascorbic acid during raw storage
or processing, leading to the formation of
colored products.
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Table V. Oxidation of Ascorbic Acid in Presence of a Mediator of
Oxidation by Sweet Potato Oxidase Contained in Extract B*

Ascorbic Chlorogenic

Acid Catechol Acid
- + -
+ — -
+ b -
— b -
+ — b
—_ — b

e 4+ or —.

or ascorbic acid, 3 mg.

Time, Minutes
2 4 6 8 10 12 14 16 30

Oxygen Uptake, ul.

17 31 41 52 55 59 63 63 71
tr 0o o 1 1 1 1 2 1
2 5 9 14 17 19 23 25 36
5 3 8 10 8 8 13 13 15

14 22 38 48 57 68 80 90 139
2 3 5 7 5 7 7 7 13

Presence of chemical in electron donor concentration—i.e., catechol, 20 mg.,

b Presence of chemical mediator for oxidation of electron donor—i.e., catechol or chloro-

genic acid, 0.1 mg.
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