Quality of Brussels Sprouts

low temperatures during handling operations retarded quality
deterioration in study of temperature effects on respiration

About 75% of the Brussels sprouls
grown for fresh market in the United
States are produced in California, where
the crop has a farm value of about $4
million annually.

The bulk of sprouts for shipments
within the state are prepackaged in the
growing areas and transported by truck
with little or no refrigeration. Shipments
from California go by rail with the
sprouts packed with ice in wooden drums
that are covered with top ice after load-
ing. Except for prepackaging few changes
have been made in methods of handling
and transporting Brussels sprouts. Prob-
lems associated with™ the holding and
. shipping of Brussels sprouts suggested
a detailed study of the effect of tempera-
ture on quality loss.

Brussels sprouts—in a commercial
field near Half Moon Bay—were har-
vested in the morning and passed over
a mechanical grader to remove loose
outer leaves. Only sprouts of high qual-
ity, between 1-114" in diameter, were
selected for the experiments. They were
then packed in crushed ice and taken to
Davis, where they were placed at 32°F

until the following morning. To simulate

commercial handling, the sprouts were

trimmed by cutting a slice from the stem
end and removing two or three outer
leaves. Only sprouts free from defects
were used. Beyond this initial prepara-
tion, there was no trimming of the
sprouts during the experiment.

Uniform samples of 100 sprouts each
were placed in respiration chambers at
temperatures of 32°, 41°, 50°, 59°, and
68°F. Since all correlation coefficients
—r values—for linear regression of
quality on lime in storage were about
0.97 in both experiments and the slopes
of the regression lines—b values—were
almost identical, only the data from the
first experiment are reported in this
article.

Quality, determined by visual rating
of the samples, was scored on a scale of
1-t0-9. Each sprout was rated and an
average calculated for the sample.

A high correlation was obtained be-
tween quality and time in storage at each
of the temperatures studied. Sprouts de-
teriorated to a rating of 5—fair—in
eight days at 68°F, but at 32°F the

Effect of storage time and temperature on quality deterioration
of Brussels sprouts.
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sprouts did not reach the same rating
until after 72 days in storage.

At the higher temperatures—=59°F and
68°F—loss of quality was characterized -
by a rapid disappearance of chlorophyll
from the outer leaves. Sprouts that re-
tained a green color became dull and
flaccid in appearance. Cut stems became
discolored in a few days, and adventi-
tious roots developed near the outer mar-
gin of the cut surface in from one to two
weeks. :

At an intermediate temperature—50°F
—the sprouts yellowed more slowly, but
the cut stems darkened almost as rapidly
as at the higher temperatures and roots
did not develop before the sample was
discarded.

At lower temperatures—32°F and
41°F—the sprouts retained their green
and bright appearance for relatively long
periods. Discoloration of the cut stems
was gradual, and did not become a seri-
ous defect until near the end of the
storage period. After about one month
in storage, the sprouts developed small,
dark lesions on the basal portion of the
outer leaves. These gradually covered the
entire surface of the sprouts. The lesions
were . gradually invaded by decay or-
ganisms. which hastened deterioration.

Respiration Rate

The rates of carbon dioxide produc-
tion at five constant temperatures are
shown in the graph on the next page.
Initial rate at 32°F was about 38 milli-

Concluded on next page

Description of Numerical Quality Ratings Used to
Evaluate Deterioration of Brussels Sprouts

Numer- Descrip~ :
ical tive Appearance
rating? rating

9  Field fresh Excellent. Bright green ap-
pearance, free from defects.

7 Good Minor defects present hut not
objectionable: en - color
slightly bledch dull;
stem end dise¢ ol
retail sales appeal.

5  Fair Defects bordering on objec:

tionable. Outer leaves show-
ing slight yellowing. Could be
returned to acceptable con-
dition with slight trimming.
Objectionable defects correct-
able by trimming. No more
than slight decay.

Slime and other defects seri-
ous; would not be eaten.

3 Unsalable

1 Unusable

2 Intermediate scores used when appropriafe.
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Continued from preceding page

grams of carbon dioxide per kilogram
per hour, and at 68°F was 190 milli-
grams of carbon dioxide per kilogram
per hour, a fivefold increase over the
temperature range studied. At higher
temperatures, rates dropped off rapidly
during the first six days in storage, and
increased again toward the end of the
storage period, a phenomenon associated
with the appearance of decay organisms.
At lower temperatures the rate of respi-
ration declined gradually for the first 10
days, and leveled off for the remainder
of the holding period. The number of
days before half of the sprouts in a sam-
ple reached a quality rating of 3—un-
salable—is indicated by the termination
of each curve in the graph.

Time and Temperature

Over the temperature range studied,
decreases in temperature resulted in de-
creases in deterioration rate. Most rapid
loss of green in the outer leaves occurs
at 50°F or above and is associated with
decreasing quality of Brussels sprouts.
In the present study, a vellowing of
sprouts was the major symptom of deteri-
oration at high temperatures. At lower

Regr Coefficients (b values) for Quality

Loss of Brussels Sprouts as a Function of Time.

Tests 1 and 2 were started in December 1957
and in Joanuary 1958.

Regression coefficient (b)

Temperature
°F Test 1 Tost 2
32 ... ~0,0560 -0.0535
41 ... -0.1113 ~0.1169
50 ......... -0.2362 ~0.2281
59 ... ~0.3982 -0.4071
68 .......... -0.5147 ~0.5215

temperatures the sprouts retained green
color, and deterioration was expressed
through gradual changes. At 32°F, and
to a lesser extent at 41°F, the slight “devi-
ation of the quality ratings from a linear
function can be explained as three phases
of symptom expression rather than as
the single phase shown at higher temper-
atures. Thus, during the first 30 days in
storage at 320 F, deterioration was ex-
pressed by a loss of bright green color,
with the sprouts deteriorating to a rating
of between good and fair. During this
period from 50 days to about 70 days
appearance changed very little, and

Estimated Deterioration of  Brussels Sprouts

Under Desirable ond Undesirable Handling,

Transporting and Marketing Conditions for o

Hypothetical Tr inental Ship t. Deteri-

oration Expressed in Terms of the Time Required

for an Equivalent Amount of Deterioration to
Occur ut 32°F.

Deterioration equivalent
Handling period expressed as days al
and assumed 32°F

conditions

Desirable* Undesirable

Before cooling:
Desivable

4 hrs. ot 50°F
Undesirable

10 hrs. at 59°F plus

18 hrs. at 41°F** || 4.6
Rail transit: :
Desirable

6 days af 32°F
Undesirable

13 days at 50°F
Marketing:
Desirable

1 day at 41°F
Undesirable

4 days at 50°F
Total squivalent days . 8.7

Estimated guality ...Good-|
(salability)

57.2

17.6
79.4
Fair—

* Desirable——assumed minimum _time at de-
sirable temperatures. Und
conditions of unde;lmble time and temperas
tures.

** Equivalent to an overnight holding period.

Effect of storage temperature on the respiration rate of Brussels sprouts.

RESPIRATION RATE OF BRUSSELS SPROUTS
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finally, deterioration was associated with
black specking and subsequent decay.

The data showing the relationship be-
tween time and temperature on quality
deterioration are in general agreement
with previous findings. The high correla-
tion shown in the graph on page 11 dem-
onstrates the usefulness of the visual
rating scale used in this study to describe
quality deterioration of Brussels sprouts.
Since total storage life depends on aver-
age rate of deterioration, the rate at
each temperature studied was related to
the total storage life at 32°F. Thus, at
41°F the sprouts deteriorated 2.0 times
as fast as those held at 32°F, while at
50°, 59°, and 68°F, the relative rates of
deterioration were 4.4, 7.3, and 10.0
times as fast as at 32°F. This informa-
tion was used to illustrate the slower rate
of deterioration under desirable han-
dling, transporting and marketing con-
ditions.

Temperature markedly influenced the
rate of respiration of Brussels sprouts;
respiratory activity decreased as temper-
ature decreased. Carben dioxide produc-
tion was greatest at temperatures which
most favored rapid quality loss. This
response is characteristic of many cool
season crops. Initial respiratory activity
declined rapidly at higher temperatures,
and gradually at lower temperatures, fol-
lowed by a leveling off.

The respiration rates and quality de-
terioration data emphasize the value of
low temperature in extending the storage
life of Brussels sprouts,

James M. Lyons was Senior Laboratory Tech-
nician in Vegetable Crops, University of Cali-
fornia, Davis, at the time the studies reported
here were carried out,

Lawrence Rappaport is Assistant Olericul-
turist, University of California, Davis.

POTATOES
Continued from page 8

agreement between the amount of ex.
changeable potassium in the soil and the
amount of potassium absorbed by the
plants grown on these soils. According
to the graph on page 8, where po-
tassium in the plant samples fell below
4%, exchangeable soil potassium gener-
ally was less than 100 ppm. Conversely,
where potassium in the plant was above
8% ot 110 days, exchangeable soil po-
tassium was observed to be in the suffi-
ciency range or above 150 ppm.

In these investigations it was noted
that soil reaction has been considerably
reduced over the years through continu-
ous use of acidifying fertilizers such as
ammonium sulfate and through the addi-
tion of sulfur for potato scab control.
In three of the eight soils, for example,
the pH—relative alkalinity-a::idity——had
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