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Enzymatic Browning in Atlantic Potatoes
and Related Cultivars
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ABSTRACT

The extent of enzymatic browning at cut surfaces of Atlantic potato,
its siblings and parents, and Russet Burbank was investigated. Brown-
ing, measured by tristimulus colorimety, was compared with cultivar
variation in polyphenol oxidase (PPO), PPO substrates, and ascorbic
acid. Atlantic potato was much less subject to browning at cut and
peeled surfaces than Russet Burbank. Browning in Atlantic potato
could be almost eliminated by dipping in water. Belchip and Chipbelle
(siblings) and Wauseon and Lenape (parents) were similar to Atlantic
potato in browning behavior. The tendency to brown in these cultivars
and Russet Burbank was correlated with total phenolic compounds,
tyrosine, and to a lesser extent, PPO activity.

INTRODUCTION

BECAUSE of possible restrictions in the use of sulfites to
inhibit enzymatic browning in fresh potatoes (Anon, 1987),
new approaches are needed to control this discoloration. Var-
ious formulations of ascorbic or erythorbic acids and citric acid
have been developed as sulfite substitutes for potato products
(Langdon, 1987; Duxbury, 1987; Andres, 1985), but these
treatments generally are less effective than sulfites in control-
ling enzymatic browning. We have investigated the use of
novel ascorbic acid derivatives as browning inhibitors (Sapers
and Douglas, 1987; Sapers et al., 1989). However, another
approach was suggested by preliminary observations in our
laboratory that tubers of Atlantic potato undergo little or no
browning when peeled or sliced. This cultivar was released in
1976 and was described as being resistant to pests, high in
solids, and suitable for processing and fresh market (Webb et
al., 1978; Leach, 1978; Gould et al., 1979). Belchip, a sibling
of Atlantic released in 1978, also exhibits these characteristics
(Webb et al., 1980; Santerre et al., 1986). Browning in potato
has been correlated with PPO activity and the concentrations
of PPO substrates (Matheis and Belitz, 1978; Brudzynski and
Zawidzka-Okoniewska, 1979; Stark et al., 1985; Matheis,
1987). Mondy et al. (1985) reported that Atlantic tubers con-
tained lesser amounts of phenolic compounds and browned less
following grinding and exposure to air than Russet Burbank,
Katahdin or Superior tubers. The browning characteristics of
the Atlantic potato under conditions more closely simulating
storage after prepeeling or slicing have not been reported. If
this potato or related cultivars could be shown to resist brown-
ing under such conditions, their use by processors might ob-
viate or minimize the need for sulfite substitutes. Therefore,
our objectives in this study were to characterize the tendency
of Atlantic potatoes and some related cultivars to undergo less
browning than most cultivars at cut surfaces, and to explain
this behavior in terms of cultivar variation in the compositional
factors involved.

Authors Sapers, Douglas, Bilyk, Hsu, Dower, Garzarella, and Ko-
zempel are with the USDA-ARS, the Eastern Regional Research
Center, 600 East Mermaid Lane, Philadelphia, PA 197118.
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MATERIALS & METHODS

SAMPLES of Atlantic potatoes were obtained from commercial grow-
ers in Florida (May, 1986; May, 1987) and North Carolina (June,
1986). Additional samples of Atlantic, Belchip (sibling), Chipbelle
(sibling), Lenape (parent), Wauseon (parent), and Russet Burbank
tubers, all grown at the same location, were obtained from Aroostook
Experimental Farm, Presque Isle, Maine, in September 1986 and Sep-
tember, 1987. Russet Burbank tubers, that were compared with At-
lantic in experiments performed during the summer of 1986, were
grown at Aroostook Experimental Farm in 1985 and stored at 3.3°C
(38°F), 100% RH.

Browning rate measurcments were made by the procedure of Sapers
and Douglas (1987). Briefly, a potato was cut in half along the lon-
gitudinal axis, and duplicate 22 mm diameter plugs were bored from
the upper potato half, on either side of the longitudinal axis near its
midpoint, with an electric cork borer, using a stainless steel cutting
tube. A transverse cut was made in the plugs, about half way between
the center of the potato and the skin, yielding a pair of plug halves
sharing a common cut surface. In some experiments, one half-plug
from each pair was dipped in water for 10 sec and then blotted dry
by rolling on absorbent tissue. Immediately after cutting or dipping
and drying, half-plugs werc placed with the transverse cut face down
over the sample port (19 mm aperture) of a Gardner XL-23 Tristimulus
Colorimeter, standardized against a white tile. L- and a- values were
measured at various times over 24 hr; samples were stored in covered
crystallizing dishes at ca 20°C between measurements. The tristimulus
coordinates were plotted against the logarithm of time, and the lag
time (initial flat region of curve before onset of browning) and brown-
ing rate (slope of linear region of browning curve) were obtained. The
extent of browning in potato samples was indicated by the change in
L or a after 6 or 24 hr.

In determining the response of Atlantic and Russet Burbank pota-
toes to different methods of peeling, the tubers were either pecled by
hand with a sharp knife, steam peeled for 15.5 sec at 1400 kPa in a
high pressure steam peeler (Type DSA 45, Paul Kunz & Co., Dot-
tesfeld, West Germany) and washed with a high pressure water spray
in a rod/reel washer, or abrasion peeled with a Toledo Vegetable
Peeler, (Model A1-15, Rochester Div., Toledo Scale Co., Toledo,
OH). Immediately following peeling, a pair of half-plugs was pre-
pared from the tubers by the procedure described above and dipped
in H,0 for 10 sec. Reflectance measurements were made on the peeled
surface of one half-plug and on the transverscly cut surface of the
other half-plug (control) during storage.

Composition studies carried out in September 1987 with samples
of Atlantic, Atlantic relatives and Russet Burbank were performed
using 6 plugs cut from each of 6 tubers per cultivar so that the rela-
tionship between browning and composition could be studied both
between cultivars and within cultivars. Duplicate plugs for tristimulus
colorimetry were cut from either side of the long axis of the tuber at
its midpoint. Reflectance measurements were made at a transversely
cut surface that had not been dipped in H,O. The bottom halves of
these plugs, weighing about 10g, were assayed for PPO activity by
the procedure of Hsu et al. (1984) which employs L-B-3,4-dihydrox-
yphenylalanine (L-DOPA) as the substrate. Total polyphenols were
extracted from two additional plugs, cut from opposite ends of each
tuber and weighing about 20g, by blending with 100 mL 80% meth-
anol for 2 min at high speed in a stainless steel semi-micro blending
container, making the homogenate volume up to 200 mL with addi-
tional 80% methanol, adding 2g Celite Analytical Filter Aid (Fisher
Scientific, Pittsburgh), and filtering through Whatman No. 541 paper
under suction. Polyphenols were determined colorimetrically with Folin-
Ciocalteau reagent by the method of Chien and Snyder (1983). Chlo-
rogenic acid in the potato extract was determined with a Waters HPLC
system employing 2 4.6 mm (i.d.) by 25 cm C-18 column (5 pm),
gradient elution with an acetonitrile-5% acetic acid mixture, and dual
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wavelength detection at 254 and 280 nm. Free tyrosine in the potato
extract was determined with a Beckman 119CL amino acid analyzer,
using the standard 90 min protein hydrolysate program. Ascorbic acid
(AA) was extracted from the last 2 plugs, taken from opposite ends
- of each tuber and weighing about 20g. The plugs were blended with
50 mL metaphosphoric acid-acetic acid solution (AOAC, 1984) for 2
min at high speed in a stainlcss steel semi-micro blending container,
and the resulting extract was filtered through Whatman No. 541 paper
under suction and then made up to 100 mL with additional extractant.
Aliquots (2 mL) of extract were titrated with 2,6-dichloroindophenol
reagent, as described in AOAC 43.064.

Data were analyzed for differences in these composition factors and
the extent of browning within and between cultivars by ANOVA using
a randomized complete block design. The Bonferroni 1.SD test (Miller,
1981) was used to separate means. In addition, simple and multiple
correlations between browning behavior and composition were ex-
amined for values of R? significantly different from zero at P < 0.05
by the F-test. All statistical analyses were performed with the SAS/
STAT software (SAS Institute, Inc., Cary, NC).

RESULTS & DISCUSSION
Enzymatic browning at cut surface of Atlantic potato

Quantitative measurements of the rate and extent of enzymatic
browning in Atlantic potato were carried out to confirm quali-
tative observations that this cultivar does not brown after slicing.
Samples of Atlantic tubers representing different growing loca-
tions and seasons were compared with Russet Burbank tubers,
which are known to brown after slicing, by the reflectance pro-
cedure used previously with apples and pears (Sapers and Doug-
las, 1987). Preliminary studies (unpublished data) indicated that
the L-value, but not the a-value, was negatively correlated with
the extent of browning at the cut surface of potato. The data in
Table 1, which are based on measurements of the L-value at the
transversely cut surface of potato plugs, show that browning in
Atlantic potato was preceded by a significantly longer lag time,
occurred more slowly (significantly smaller slope), and was less
extensive (smaller AL) than browning in Russet Burbank potato.
This behavior was observed in Atlantic samples obtained from
growing locations as different as Florida and Maine, over two
seasons, 1986 and 1987.

We have observed previously (unpublished data) that a brief
water dip treatment, such as might be used to remove free
juices and starch from cut surfaces, will decrease the extent of
browning in apple and potato plugs. In the present study (Table
2), browning in Russet Burbank plugs was greatly reduced by
a 10 sec dip in water but not eliminated. Because of the min-
imal extent of browning in the Atlantic potatoes, differences
between the dipped and undipped samples were not significant.
These samples exhibited virtually no browning over 6 hr and
only a marginal change in L over 24 hr.

Enzymatic browning at peeled surface of Atlantic potato

Quantitative measurements of browning at the peeled sur-
face of Atlantic and Russet Burbank plugs (Table 3) revealed
a large difference in the response of these cultivars to peeling.
With Atlantic potato, peel removal by three different proce-
dures—peeling with a sharp knife, steam peeling and abrasion
peeling—induced relatively little browning, based on brown-
ing rates (slopes) and AL values. Differences in lag times were
of little consequence at the low browning rates obtained. Con-
trols, which were dipped in water for 10 sec, showed no evi-
dence of browning over 6 hr. In contrast, steam and abrasion
peeling induced extensive browning with Russet Burbank po-
tatoes. Peeling with a knife induced substantially less browning
(although still severe), similar to that seen with Russet Burbank
controls. Lag times were shorter for peeled samples than for
controls. These results confirm our previous observations that
peeled Atlantic potatoes were slow to brown.

Peeling might be expected to induce browning because of
the extensive disruption of cell layers at the peeled surface by
shearing, compression and heat (with steam peeling) which
would result in leakage of PPO and PPO substrates from the
damaged tissue as well as oxidation of endogenous AA, both
favoring the browning reaction. Steam peeling also might in-
duce ““after-cooking darkening,” the nonenzymatic formation
of a colored complex between ortho-diphenols such as chlo-
rogenic acid and ferric ion (Talburt and Smith, 1987). Addi-
tional enzymatic browning might be induced by the disruptive
effects of the high pressure water spray used after steam peel-
ing. Our data for Russet Burbank indicate that the steam-peeled
tubers were darker than the abrasion-peeled tubers. Abrasion
peeling should produce more disruption, and consequently more
browning, than peeling with a sharp knife.

Cultivar variation in browning and composition

The large difference between Atlantic and Russet Burbank
potatoes in enzymatic browning at cut or peeled surfaces prob-
ably reflects composition differences which may be genetic.
To shed more light on this possibility, we compared the brown-
ing behavior and composition of Atlantic, Belchip (Atlantic
sibling), Chipbelle (Atlantic sibling), Lenape (Atlantic parent),
Wauseon (Atlantic parent) and Russet Burbank tubers (Table
4). Atlantic and its siblings showed similar lag times before
the onset of browning which were significantly greater than
lag times obtained with Lenape, Wauseon, and Russet Bur-
bank. Differences among the Atlantic relatives in browning
rate (slope) and extent (AL) were small, and with the possible
exception of Lenape, not significant. Atlantic, its siblings, and

Table 1—Enzymatic browning in Atlantic and Russet Burbank potatoes

Harvest No. Lag timeb Slope® Al
Cultivar Sample Source? season tubers {min) (min-1) 6 hr 24 hr
Atlantic A FL Spring 86 4 315¢ -0.7¢ 0.4¢ -
B NC Summer 86 4 225¢ —-0.8¢ -0.4¢ -0.3¢
C ME Fall 86 1 150¢ -1.0¢ -0.2¢ -1,2¢¢
D FL Spring 87 6 330¢ —-0.5¢ 0c —2.2¢d
E ME Fall 87 6 127¢ —-2.9¢ -2.1¢ -3.74
Russet Burbank F ME Fall 85 4 10d —12.5¢ -10.4¢ -
G ME Fall 85 4 12¢ —-7.4¢ -10.7¢ -10.0¢
H ME Fall 86 1 15d -10.2¢ -12.9¢ ~12.8¢
| ME Fall 87 6 41c -10.6¢ —-12.6¢ ~14.2¢
Atlantic E ME Fall 87 6 127¢ —2.9¢ -2.1¢ -3.7¢
Russet Burbank | ME Fall 87 6 414 —-10.64 -12.6¢ -14.24
Atlantic Mean All 1986 9 257¢ -0.8° -0.4¢ —0.5¢
Mean All 1987 12 228¢ -1.7¢ -1.0¢ —-2.9d
Atlantic Mean FL All 10 324¢ —0.6¢ -0.1¢ -2.14
NC All 4 225¢d -0.7¢ -0.4¢ -0.3¢
ME All 7 1304 —2.69 —1.89 -3.34

®FL = Florida; NC = North Carolina; ME = Maine.
b Based on measurement of L-value.

¢d For each comparison, means within columns followed by different superscripts are significantly different at P < 0.05.
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Table 2— Effect of dipping on enzymatic browning in Atlantic and Russet Burbank potatoes

P
No. Lag time® Slope® Al
Cultivar Samples? Treatment tubers (min) (min-1) 6 hr 24 hr
Atlantic A&B Undipped 8 270¢ —0.8¢ -0.4¢ -0.3¢
Dipped 8 360° 0c 0.2° -0.7¢
Russet Burbank F&G Undipped 8 114 -9.9¢ ~10.6¢ -10.0¢
Dipped~” 8 33¢ —1.6¢ —1.69 -2.7¢°
2 See Table 1.
b Based on measurement of L-value.
c-d For each cultivar, means within columns followed by different superscripts are significantly different at P < 0.05.
Table 3— Effect of peeling on browning in Atlantic and Russet Burbank potatoes
Peeling No. Lag time? Slope® Al at
Cultivar method tubers (min) {min—1) 6 hr
Atlantic Knife 1 180¢ -2.9° -1.20
Steam 1 158 -1.1° -1.2b
Abrasion 1 904 —1.8° - 1.5
Controlf 3 >360° o» 0.4°
Russet Burbank Knife 2 <10 —6.1° -9.7¢
Steam 2 29e -31.2¢ —-36.2¢
Abrasion 2 30e -18.3¢ -18.74
Controlf 6 654 —6.4° —5.4bc
2 Based on measurement of L-value.
b-e Means within columns followed by different superscripts are significantly different at P < 0.05.
f Control is transversely cut surface of plug having peeled surface.
Table 4— Extent of browning and composition of six potato cultivars — 1987 season
Extent of browning
AL PPO Total Chlorogenic Ascorbic
No. Lag time? Slope? activity phenolics acid Tyrosine acid
Cultivar tubers (min) {min-1) 6 hr 24 hr (units/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Atlantic 6 127° —2.9° -2.1° —3.70¢ 97¢ 2869 14.4¢ 21.2¢ 197b¢
Belchip 6 1500 -3.00 —1.5° -3.2° 115¢ 3084 8.9¢ 19.9¢ 184¢
Chipbelle 6 148° -3.3° -2.2° —4.9b¢ 243b¢ 396¢d 22.8¢ 21.3¢ 194be
Lenape 6 48¢ —4.5° —5.40 -7.6¢ 215b¢ 533¢ 64.6° 31.3¢ 184¢
Wauseon 6 55¢ -3.2b -3.3° —5.5b¢ 131¢ 4099 7.7¢ 36.4° 235
Russet Burbank 6 41¢ -10.5° —12.6° -14.2¢ 372 881b 23.3¢ 148.2° 200

2 Based on measurement of L-value.

b-d Means within columns followed by different superscripts are significantly different at P < 0.05.

its parents all browned more slowly and to a lesser extent than
did Russet Burbank. These results are consistent with Mondy’s
observations of browning in ground Atlantic tissue (Mondy et
al., 1985). ’

Russet Burbank contained significantly more PPO than did
Atlantic, Belchip or Wauseon and more total phenolics and
tyrosine than Atlantic or its siblings and parents. Mondy et al.
(1985) also reported that Russet Burbank contained more phe-
nolic compounds than did Atlantic, Belchip or Chipbelle. Lev-
els of chlorogenic acid were higher in Lenape than in the other
cultivars in this study. All cultivars were similar in ascorbic
acid content.

Correlation of browning parameters and composition
factors

Comparison of browning and composition data for the six
cultivars suggests a possible association between the rate or
extent of browning and tyrosine content, the content of total
phenolic compounds and PPO activity. The significance of
relationships between parameters of enzymatic browning and
composition factors was tested by correlation analysis. For the
entire sample of 6 cultivars, significant simple correlations
were obtained between the four parameters of browning and
tyrosine, total phenolic compounds, and to a lesser extent, PPO
(Table S). In most cases, correlations could be improved sub-
stantially by comparing browning parameters with more than
one composition factor, i.e., tyrosine and total phenolic com-
pounds or tyrosine and chlorogenic acid (which gave no simple
correlation with browning). The possible role of endogenous
AA in extending lag times or limiting the extent of browning,
functions reported in the literature (Vamos-Vigyazo, 1981),
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was obscured in this study by the narrow range of AA contents
obtained for the 6 cultivars. Correlations between browning
parameters and composition factors for individual cultivars
generally were not significant because of the limited sample
size and narrow range of analytical values obtained. However,
some significant correlations were obtained with Atlantic and
Wauseon potatoes which brown much less extensively than
Russet Burbank. In Atlantic and Wauseon samples, correla-
tions between browning and PPO activity or combinations of
PPO with other factors were higher than in the larger sample
of six cultivars. Aside from this difference, correlations be-
tween browning parameters and composition factors in Wau-
seon were similar to those obtained with the six-cultivar sample.

These correlations are consistent with reports in the literature
that enzymatic browning in potato is highly correlated with the
contents of tyrosine and total phenolic compounds (Stark et
al., 1985; Mondy et al., 1979). Brudzynski and Zawidzka-
Okoniewska (1979) obtained a correlation between browning
and PPO activity in addition to the aforementioned factors;
browning was correlated with chlorogenic acid content in only
one of 3 cultivars compared. Matheis and Belitz (1978) con-
cluded that enzymatic browning in potatoes was correlated with
tyrosine turnover, a parameter which depends on the concen-
trations of PPO, tyrosine, chlorogenic acid and ascorbic acid,
rather than on any single factor.

CONCLUSIONS

ATLANTIC POTATO and its siblings are much less subject
to enzymatic browning at cut surfaces than Russet Burbank
potato. Atlantic also browns less at peeled surfaces than Russet
Burbank.



Table 5— Correlation of enzymatic browning parameters with composition factors in 6 potato cultivars?

One factor Two factorse Three factorse

Sample Browning parameter Corr. witht R2 Corr. witht R? Corr. witht R?

All cultivars Lag time (L) PHE 0.34 PHE PPO 0.40 - -
TYR 0.26 TYR CHL 0.32 TYR CHL PPO 0.36

Slope (L) TYR 0.81 - - - -

PHE 0.71 PHE CHL 0.77 - -

PPO 0.41 - - -

AL-6 hr TYR 0.82 - - - -

PHE 0.77 PHE CHL 0.80 . - -

PPO 0.39 - - - -

AL-24 hr TYR 0.79 TYR CHL 0.82 - -

PHE 0.79 TYR PHE 0.82 - -

PPO 0.47 - - - -

Atlantic Lag time (L) - - TYR PPO 0.96 - -

Slope (L) PPO 0.81 PPO PHE 0.86 - -

- - PPO TYR 0.86 - -

- - TYR CHL 0.89 - -
AL-6 hr TYR 0.85 TYR PPO 0.94 TYR PPO CHL 0.98
Wauseon Lag time (L) - - - - TYR PHE CHL 0.99
Slope (L) - - - - TYR PHE PPO 0.98

AL-6 hr PHE 0.87 PHE TYR 0.90 - -

TYR 0.78 TYR PPO 0.94 - -

- - TYR CHL 0.87 - -
PPO 0.71 PPO CHL 0.88 PPO CHL PHE 0.97

AL-24 hr PPO 0.80 PPO TYR 0.94 - -

- - PPO CHL 0.91 - -

PHE 0.77 - - - -

TYR 0.67 - - - -

* R2 significantly different from zero at P < 0.05.
b PHE = total phenolic compounds; TYR = tyrosine;

PPO = polyphenol oxidase; CHL = chlorogenic acid.

¢ Multiple correlation coefficients not reported if increase in R2 over that obtained with 1 less factor is less than 0.03.

Dipping in water virtually eliminates enzymatic browning at
the cut surface of Atlantic potato.

The low level of browning in Atlantic potatoes and related
cultivars is correlated with their low contents of tota phenolic
compounds and tyrosine and, to a lesser extent, their low PPO
activity.

The aforementioned browning behavior, combined with de-
sirable production and utilization characteristics, should make
Atlantic or its siblings suitable for use in situations where en-
zymatic browning is a problem, sulfite cannot be used, and
current alternatives to sulfite are inadequate.
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