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INTRODUCTION

The research conducted at the Food Science Department, Michigan

State University, under Contract No. AT(11-1)-1592, aimed at the

extention of the marketing period of fresh fruits and vegetables

1

by means of low levels (up to 500 krad) of ionizing radiations.

' The experiments carried out may be divided into two general

categories:  those in which a delay in the decay of the commodity

was attempted through reduction of its microbial load, and those

in which the shelf life extension was expected as a result of

the retardation of muturation of the commodity, both by means

of irradiation alone or in combination with other treatments

(heating, refrigeration, controlled atmosphere etc).  These

experiments will be summarized on a commodity basis.

ASPARAGUS

In four experiments the effect of radiation in the dose range

of 10 to 100 krad was studied on the lengthening of the spears,

water balance, color, texture and fiber-plus-ash content of

fresh asparagus.  It was found that irradiation slightly re-

tarded the growth of the asparagus spears. (Table 1 contains

the results of a typical experiment), but had little or no  effect

on the water balance (weight loss), color (visual observation

and photometric evaluation of an 80% acetone extract at 440 and

660 nm), texture (Allo-Kramer shear press technique) and

fiber-plus-ash conten5 for a period of several days to several

 veeks of post-irradiation refrigerated.(4'  to 10Ct) storage.
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TABLE 1.  Length of asparagus (inches) in post-irradiation storage

at 4'C (Average of 20 spears).

i Storage time - days1

Dose - Krad
0      4        8       16      32a    Ave.

0 8.34 8.82 8.75 8.77 8.91 8.72

30 8.35 8.55 8.55 8.60 8.56 8.52                         '
i:

100 8.32 8. 61 · 8.62 8.68 8.68 8.58

1

 At 32 days, a full sample of 20 was not measured due to deterioration

of 10 to 20% of the spear tips.

BLUEBERRIES

Three experiments were carried out with blueberries. In two of them

a study was made of the effect of radiation on the freeze-drying

rate of blueberries, and in the third a dipping in CaC12 solution

was attempted in order to offset the radiation-induced softening

of the fruit.  It was shown that exposure to 150 and 300 krad

of gamma radiation significantly reduced the freeze-drying time of

blueberries. (Table 2).

TABLE 2.  Percent weight loss of blueberries, var. Jersey, during

freeze-drying.. Average of two samples, each weighing 300 g

initially.

Drying time (hours)

Dose-krad       0        3         8          18          30

0           0 10.3 33.7 61.8 71.8

300            0 14.1 41.8 73.8 83.1
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It was also found that dipping blueberries in 0.5% Ca   (from

CaC12'2H2O) for one hour prior to irradiation at 200 Krad resulted

in firmer texture of the fruit.

STRAWBERRIES

Six experiments were conducted with this fruit.  In three of them

an attempt was made to measure the reduction of microbial load

by irradiation, in the fourth experiment the combined effect

of irradiation and wrapping the strawberry container with thin

polyethylene film was studied, and in the last two experiments

dipping in a CaC12 solution was applied for. the purpose of
overcoming the radiation-induced softening of strawberries.,

 

Among the techniques used to study the reduction in the natural

microbial load by irradiation, converting the strawberry sample to

a slurry and making a total count and a mold-plus-yeast count

before and after irradiation rendered the most consistent re-

sults.  Table 3 illustrates the application of this technique

in one experiment.
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TABLE 3.  Effect of gamma irradiation on the microbial population

of strawberries. (Colonies per gram)

Dose Yeast & % Survival % Survival
Krad Sample* Total Count mold count  Total count  Yeast & mold count

0      A         8.2 x 10 6.2 x 10 100 100
4                4

44
B        10.1 x 10 6.1 x 10 100 100

44
100      A         3.7 x 10 3.7 x 10         39           59

4                 4
B         3.9 x 10 3.4 x 10         40           56

44
200      A         1.6 x 10 1.4 x 10         19           23

4                4
B         1.7 x 10 1.4 x 10         17           23

400      A         6.7 x 10 4.2 x 10 0.81 0.69
22

22
B        12.0 x 10 3.9 x 10 1.2 0.69

2
800      A         2.7 x 10           0 0.33 0.10

2
B         1.8 x 10           0             0.18         0

* A and B are subsamples of the same master sample.
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Since the total count decreased more rapidly than the mold-

plus-yeast count when the.radiation dose increased, it appears

that the bacterial population on these samples was more sensitive

to irradiation than the yeasts and molds.  It is noteworthy that

a dose of 400 krad was necessary for a 99% reduction of the micro-

bial load of strawberries.

Strawberries packed in pint-wooden boxes and then over-wrapped
: by 1.5 mil. polyethylene film before exposure to 200 krad of

gamma-irradiation did not show fewer lesions or firmer texture

after 5 and 10 days of storage at 3-4'C than strawberries ir-

radiated and stored without the overwrap.  In fact, the variety

Robinson did not keep better after irradiation, whether the

berries were wrapped in film or not.

:

A combination treatment of irradiation at 200 and 400 krad

i                 with soaking in 0.5% Ca4  (from CaC12 2H2O) for 30 minutes

i                 prior to radiation did not yield consistent results in two

                  different experiments, regarding the spoilage rate and

texture change of the fruit.  In both cases, however, ir-

radiation plus soaking resulted in less spoiled fruit than

soaking alone.
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SWEET CHERRIES

Three experiments were conducted with sweet cherries, var.

Schmidt. In the first experiment, the fruit was exposed to 20 and

200 krad of gamma irradiation with or without soaking in 0.5% Ca
++

for one hour.  The soaking was applied before or after irradiation.

Observations made during a 4-week post-irradiation storage at

3-4'C revealed no benefit from irradiation.  On the contrary,

the irradiated cherries were softer, but«the softening was  cor-

rected by the calcium treatment.  The additional observation was

made that cherries stored with stems attached keep better than

without stems, irrespective of irradiation.

In the second experiment the effect of gamma irradiation was

studied on the microbial load of the cherries. It was shown that

both the total count and the mold-plus-yeast count were reduced

as the radiation dose increased up to 800 krad.

In the third experiment the affect of dipping the fruit in

water at 46'C or 50'C for 4 minutes in combination with irradiation

at 100 or 200 krad was studied.  Again no advantage in terms of                         

keeping quality was observed from either heating, or irradiating

or combining the two treatments.

...
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PEACHES

Peaches, var. Red Haven, were exposed to a combination of hot

(460 , 55'C) water and irradiation (50, 100 krad) treatments, with

the appropriate controls (0 Krad, no contact with H2O' 24'C water).

The shelf life of the fruit was not extended either by the com-

bination treatment, or by the single treatments (hot water or

irradiation).  Heating at 55'C, alone or in combination with ir-

radiation, resulted in a mottled appearance of the peaches, while.

irradiation, alone or in combination with heating softened the

fruit.                                                         •

SWEET CORN

The quality of fresh sweet corn in storage is related to

its water content, since greater moisture in the kernel indicates

less conversion of sugar to starch.  This experiment was carried

out for the purpose of exploring the effect of irradiation on

the moisture content of sweet corn. Two dozen ears of the

variety Northern Bell were husked and exposed to 0, 30 and 300

krad of gamma irradiation, 8 ears per dose. Three 20 g  samples

of kernels from each treatment were analyzed immediately after

irradiation and 14 days later.  The ears were stored in polyethylene

bags at 3'-4'C.  The moisture decreased during storage by 19.6%

in the control, 20.3% in the 30 krad, group and 20.8% in the 300

krad group.  No improvement in moisture retention could be de-

rived by the irradiation of sweet corn.

/
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APPLE JUICE

The possibility of pasteurizing apple juice by irradiation

was explored in three experiments.  The effect of irradiation on

the viability of the microorganisms naturally present in apple

juice is illustrated in Table 4.

TABLE 4.  Effect of gamma irradiation on the microbial population

of apple juice.  (Colonies per ml)

Dose- Yeast & % Survival % Survival
Krad Atmosphere Total Count Mold Count Total Count Yeast  & Mold Count

0 N* 4.22 x 10 8.63 x 10 100 100
55

2

Air 10.1 x 105   9.09 x 105 100 100

55
100          N        1.01 x 10 1.68 x 10 23.9 19.5

2

Air 1.06 x 105  2.02 x 105 10.5 22.2

44
200          N        1.77 x 10 3.71 x 10 4.2 4.30

2

Air 3.09 x 104  4.25 x 104 .3.1 4.7

300          N        6.38 x 10   8.38 x 10 1.5 0.97
33

2

Air 7.56 x 103  9.00 x 103 0.75 0.99

3
400          N        1.47 x 10 0.35

2

*Each bottle of juice was evacuated   and  N2 was introduced   into   the

headspace.

Both the total and yeast-plus-mold counts were reduced to 1% by

300 krad.  The packing atmosphere had little or no effect on the

percent · reduction of microbial loadiby gamma  rays.
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The effect·of irradiation on the color and viscosity of apple juice

was also studied.  It was found that irradiation lightened the color

of the juice (300 krad reduced the absorbance at 440 nm. to one

third of the original value), but had little if any effect on the

viscosity of the juice.

A combination treatment, involving irradiatihn at 150 krad and

heating at 49'C (120'F) for. 30 minutes, in that order or vice

versa, was applied to apple juice, and the effect of this treat-

ment on the flora, color, flavor, visosity, acidity and soluble

solids of the juice was studied.

It was found that although the combination treatment was much

more effective than the single treatments in reducing the popu-

lation of microorganisms in the juice, a sufficient number of

them survived to spoil the juice on storage at 3'-4'C.  It was

                 estimated that storage at 3'-4'C after the combination treatment

would add 15 to 20 days to the shelf life of the juice, since by

that time the microbial count of the treated juice would have

,                 reached the original number.  The color lightened more by the

f                combination treatment than by the individual treatments alone.

                 The flavor did not seem to have been affected seriously by

4                 either the combination or the single treatments.  There was a
i

slight decrease in viscosity and practically no change in the
e

acidity or the soluble solids of the juice as a result of thej

1'                                     treatments, in general.d

i
t

i

i

--
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MUSHROOMS

Introduction

Cultured mushrooms are highly perishable.  They can be kept

in prime condition for only one day at 50'F, 2 days at 40'F, or

5 days at 32'F.1                     .  During storage the obvious

visual changes are opening of the cap, darkening of the gills

(which are soon exposed to view), elongation of the stem, darkening

3                    of the cap and stem, and shriveling; all undesirable changes.

<                         The purpose of the present study.is to define the progress

                     of cap opening according to some qualitative measurements, pri-

£                    marily as a function of radiation dose and storage temperature,

present a recommendation as to the efficacy of a particular

1

radiation dose or range of doses in retarding cap opening and

                    other deleterious changes; and to circumscribe the appropriate
1

) conditions to achieve the desired effects.

Materials and Methods

Mushrooms. All mushrooms (Agaricus bisporus, Sing.), except

those used in the Pennsylania-mushroom experiment, were supplied

by a growers' cooperative near Detroit within a few hours after

harvest.  With exceptions as noted below, the mushrooms were

treated and placed in storage within 8 to 10 hr after harvest.

Storage containers.  Of several container styles, a 1-qt

polyethylene cottage cheese tub proved to be superior in main-

taining mushrooms quality, regardless of treatment.  These tubs

had six 3/8-in. diameter holes evenly distributed in the sides;'



0       1
11

the tops were covered with moisture proof film.  The problem was

to avoid excessive dehydration, which promoted browning, but to

allow enough oxygen exchange to prevent "suf focation. "  In  some

instances, especially when measurements were made on the same

mushroom from time to time, the mushrooms were set out in egg

filler flats made of chip board.  This ensemble was put in an

unperforated polyethylene bag.  The two methods of storage

permitted comparable transpiration losses:  10-20% depending on

storage temperature and time.

                          Irradiation.  Irradiations were with Cobalt-60 either at
the 8,000 Curie source at the Phoenix Memorial Laboratory, Ann

f.

                    Arbor, Michigan (irradiation at about 8'C) or at the Michigan'e

i

                    State University 50,000 Curie Research Irradiator (irradiation
at ambient).  Dosimetry at both installations is based on the

r

Fricke method (ASTM, 1959) and a decay correction based on a
ft

'                                           half-life  of 5.24 years. Dose rates varied among experimentsi

1"

f                   and within a given experiment from 5 to 200 Krad/hr, except for

a few tests at 800 Krad/hr.  All doses were delivered at 100

Krad/hr in recent tests. The containers, either wooden pint

boxes or the 1 quart tubs referred to above, were turned 180'

after half the dose had been given.  Also 1-Mev-accelerated electrons

                   generated in a G.E. Resonance Transformer were used.  The mushrooms

i                   were irradiated in a single layer with either the stems facing the
1

electron beam (stems up) or the caps facing it (stems down).  Egg

filler flats were employed for positioning the mushrooms properly.

"
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Measurements.  The Degree of Opening (D.0.) is a fractional

measure (to the nearest tenth) of the separation of the veil from

the stem measured along the veil circumference.  We used a

transparent disc with a hole cut in the center to fit over the stem;

the disc was marked every 36'.  A completely closed mushroom

has a D.0. of 0.  When the veil is completely separated from the

stem, the D.0. is 1. The ease of measurement and the non-destruc-

tive feature are the principal advantages of the index D.0.

But the variability is large (coefficient of variation of 50% at

a D.0. of 0.8) and the correlation with other changes (e.g., in-

crease in cap diameter) is low; moreover, there is no change in
f

0                   D.0. in either the early or late stages of storage life.  D.0.
t.

J                  gives an indication of present quality, but is a poor predictor of

                   remaining storage life.
The Opening Ratio, O.R., is defined by O.R. = (b+c)/[a-(b+c)],

                    where (b + c) is the total opening gap, measured on a diameter        '

j                  from gill tip to gill tip, less the stem diameter.  That is, b
i..

„                   is the distance between the one gill tip and the stem and c is the
t

                   distance between the opposite gill tip and the stem.  The a value

i                   is the cap diameter (maximum projected diameter) so that a-(b + c)
B

is  an "effective" diameter,   or  the cap diameter adjusted  for  the

separation between the gill tips and the stem.

The Opening Ratio is the ratio of the total opening gap,

(b  +  c)   ,   to the "effective" closed cap diameter,   a  -   (b  +  c) .

Measurements were made with a dial caliper.  The O.R. is a de-
:
9                                                                                                                                                                  I

structive measurement since the mushroom must be cut in half to

3                   make the measurement (b + c).  The consequent disadvantage is
m                                                                                                                                                                                              ·
14.

1

11

1

m

i
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that one cannot·follow O.R. for individual mushrooms. One ad-

vantage of O.R. is that it combines the quality features of

expanding cap and shrinking stem in a single index.  Stem dia-

meter was measured along the line defined by the gill tips.

1                                                                                                                                                                                                           -Mushroom height was measured from the top of the cap to the

bottom of the stem wherever the picker happened to cut it.

Shear resistance was measured with an Allo-Kramer shear

press-250-lb ring, range 50, low setting.  Reflectance was

measured with a Gardner Color Difference Meter.  Respiration

was measured automatically in the open system device located

in the Department of Horticulture.

Results

Opening ratio and degree of opening.  Tables 5, 6, and 7

illustrate the general effects of radiation on O.R. and D.0.

(The same mushrooms are referred to in Tables 1 and 2.)  Radia-

tion suppresses growth as measured by both characteristics, but

the differential effect is very small over a wide dose range.

For example, in one test, the O.R.'s after 7 days' storage at

10'C for doses of 0, 10, 20, 50, and 100 Krad, were 1.30, 0.50,

0.50, 0.55, and 0.55 respectively.  The D.0. appears to be dif-

ferent among doses within this same range (Table 7).  Not evident

in a single test is the wide variation from test to test due

presumabl,  to such variables  as the particular "break" harvested,

maturity at harvest, and moisturp loss during storage.
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1                 For example, after 7 days' storage (8 days for the last figure

given) at 10'C, the D.0.'s for mushrooms treated with 50 Krad

were 0.3, 0.6, 0.4, 0.6, and 0.3.  These are averages of 15 or

20 mushrooms.

The rate of change of the opening ratio (O.R./day) is nearly

linear up to an O.R. of about 1.  The logarithm of the rate is

f                 approximately linear in the temperature range 3 to 15'C and

i                  has a value at 10'C of about 0.1 for unirradiated mushrooms and
.

;                                    0.02 f6r irradiated mushrooms.    The  Q is about 6. These values
10

'                  are best estimates derived from the composite results of all

experiments.

:                  TABLE 5.  Opening Ratio, O.R., of irradiated mushrooms stored

                  at various temperatures.  Each entry is the average of 15 mush-
rooms; the initial O.R. was 0.35.

Storage
Temp., Dose, Krad

C Days         0 50 100 200

5         21 1.00 0.55 0.60 0.50
10         15 1.95 0.60 0.40 0.40

3                      15 4 1.20 0.55 0.50 0.50

li

S         .

"
79

i
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TABLE 6. Degree of Opening,  D.0., of irradiated mushrooms stored
at various temperatures.  Each entry is the average of 15 mush-
rooms; ' the initial D.0. was 0.

i

Storage
Temp.,                                   Dose, Krad

0
C         Days           0        50 .100 200

5          21 0.6 0.2 0.2 0.1
10          11 0.8 0.3 0.1 0.0
15           3 0.9 0.3 0.1 0.1

TABLE 7.  Degree of Opening, D.0.,of irradiated mushrooms during
storage at 10'C, average of the same caps at each dose.  Initial
D.0. was 0.

Dose. Mrad
Time days             0        10         20       50       100

2 0.0 0.0 0.0 0.0 0.0
4 1.0 0.3 0.5 0.2 0.0
7 1.0 0.8 0.7 0.4 0.0

11 1.0 0.8 0.8 0.4 0.0

t



,            TABLE 8.  Physical·changes, %,in irradiated mushrooms after 7 and 11 days storage at 18'C,
original (at zero dayd) and final measurements made on the same mushrooms.

Property Original Days Dose, Krad

measured valuel Storage          0      10     20      50        100

Cap dia. 1.37 in.        7          16.4    5.7 7.4 5.3 3.5

11          25.2 7.1 7.8 - 4.7 2.5

Height
 

1.29 in.        7 31.8 39.6 47.4 34.0 9.7

11 35.5 41.7 49.4 35.5 19.7

Stem dia. 0.64 in.        7 -27.2 -21.1 -16.6 -15.0 -16.2

11 -31.2 -26.7 -22.6 -20.6 -21.3

Weight 12.20 g.         7 -11.3 -15.8 -14.9 -12.0 -13.0

11 -14.9 -19.7 -17.1 -14.6 -15.4

D.0. 0.0             7           1.0    0.8    0.7 0.4 0.0

11           1.0 0.8 0.8 0.4 0.0

1
Average of all samples.

-.
£/S.*W#...-W...1.-W---•.-'---e,/1.-I//B ..--/-2----Z.-Sl==..-......-I ..." -."-mi" '. .    ''       "''' '   '' '' '   -
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Other dimensions.  The dimensions critical for quality are unequally

influenced by radiation.  The percentages of change after 7 and 11

0
days of storage at 10 C are shown in Table 8.  Measurements were

made periodically on the same mushrooms up to 11 days after treat-

ment  and the following conclusions are based  on   the data  at  11  days.

Cap diameter was most easily affected by radiation.  The cap dia-

meter of unirradiated mushrooms increased linearly up to 11 days.

Radiation reduced the rate appreciably, but not significantly

among doses.  Mushroom height increased linearly for all treatments up

to 6-7 days after irradiation and then remained nearly constant.

The rates of he*ght increase for mushrooms treated at 0 and 50 Krad

were about the same; however, the rate was significantly increased

by 10 and 20 Krad and significantly reduced by 100 Krad.  Stem

diameter decreased linearly for all treatments up to 11 days;

rates of change of stem diameter for mushrooms treated at 0 and 10

Krad were nearly equal and were significantly reduced at 20 Krad

and above.  There is some evidence that the higher weight loss at

10 Krad is real, but there is inhomogeneity of variances among

                    doses.  The higher average weight loss at 20 Krad is almost all
IA

due to one mushroom which lost 33% of its original weight.

                    Delay. A delay between harvest and irradiation appears to cause

some loss in the advantages of radiation.  The rates of opening

                    shown in Table 9 are consistent with the conclusion that as treatment

is delayed, the,retarding effect is less pronounced.  Nontheless,

opening ratio. rates are still appreciably reduced.  Even at 100

                    and if anything the rate was enhanced at 50 Krad.  The percentages

Krad, radiation failed to retard the increase in mushroom height,

i ,

i
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1 of the increase in heights after one week at 10'C for mushrooms

irradiated just after harvest (0.3 days) were 22, 39, and 31%,

whereas in a previous test (Table 8) the corresponding percent-

ages (0, 50 and 100 Krad, respectively) were 32, 34, and 9.7.

Respiration.  Despite the radiation treatment, which exerted a

dampening effect on respiration rate characterized by a gradual

I                decline in rate throughout the 4-day storage period investigated,

temperature governed the basic rate, which has a Q of 4 in the
10

early part of the storage period.  As the values in Table 10

indicate, radiation effects were only evident at 10 and 15'C

and only as storage time increased.  An analysis of variance of

cumulative rates (See Table 11) indicated differences (P = 0.05)

only at 15'C and only between control and all irradiated samples.

Oxygen consumption exhibited the same general characteristics.

The observed respiratory quotient, CO2:02, was 0.86, and there

was no difference among treatments or temperatures.

Texture and color. Irradiation at 500 and 1000 Krad reduced the

shear resistance by 10 and 15%, respectively, compared to mush-

rooms given 0, 10, 50, and 100 Krad, for which, the readings on

75-g portions were about 50*a. Readings were taken after over-
0 0

night storage at 10 C.  After a week at 10 C, shear reading had

decreased an additional 5% for mushrooms given 500 Krad, but the other

samples retained their original firmness.  The 1000-Krad samples were

not stored.
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1TABLE 9. Opening ratio rate, O.R./day, as influenced by delay
between harv8 t and irradiation.  Examined 7.3 days after harvest,
stored at 10 C.

Delay, days

Dose. Krad 0.3 1.3 3.3

0 0.25 0.28 0.31
80 0.045 0.065 0.086
100 0.038 0.052 0.11

Status at the O.R. 0.38 0.43 0.65
time of       i D.0. 0.0 0.0 0.4
irradiation.

1All rates calculated between time of irradiation and 7.3 days after
harvest.

TABLE 10.  Respiration rates, g C02/g-hr, of irradiated mushrooms
stored at various temperatures.

Days after

Dose,
irradiation

Temp., oC Krad 1.5              5.0

5                     0                65               70
10-1001             70               70

10                      0 110 130
1

10-100 120               95
15                      0 260 200

1
10-100       · 240 130

,

1

1Average of triplicate samples at each of 10, 20, 50 and 100 Krad,

no significant difference among doses.

1TABLE 11.  Cumulative respiration,  mg CO /g tissue, of irradiated
mushrooms stored at various temperatures  or 96 hr.

Dose, Krad

Temp.. oC 0    10    20     50     100

5                              5.8   5.9    6.1    5.6    5.6
10                             12    11     10     11     10
15                             22    18     17     16     17

1Each entry the average of triplicate samples.



A set of reflectance readings taken on individual caps failed

to reveal any large differences in L  among doses (0-50 Krad in

one test, 0-100 Krad in another), although the decrease in L

as a function of time was readily measured.  In another test,

nine caps irradiated at each of three doses (0, 50, and 100 Krad)

were.arranged (after 8 days' storage at 10'C) cap-up in egg carton

filler-flats, and an untrained panel was directed to rank the 3

j                 samples in order of decreasing darkness.  From 22 judgments,

duplicate sets of samples, 11 judges, the rank sums in order of

increasing dose were 22, 45, and 65.  These sums indicate a real dif-

ference in the extent of darkening among samples treated at different

doses.  This result confirms our visual impression that in every

test the irradiated samples darkened less rapidly than controls.

1
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Taste.  Several taste sessions were held in which mushrooms irrad-

iated at 0, 12.5, 25, 50 and 100 Krad were tasted by a total of

85 judges one, two and seven days after irradiation.  The mushrooms

were sauteed in butter before serving.  No statistically signifi-

cant differences in taste were detected between the five groups

of mushrooms.

Bruising.  White mushrooms were intentionally bruised by free fall

;
or by shaking, either before or after irradiation with 0, 25 and

100 Krad and visually compared by a total of 37 judges for brown

discoloration. Irradiation was found to reduce the bruise-induced

browning during storage at 10'C.  No clear differences were

apparent in browning between the doses of 25 and 100 Krad or be-

tween bruising before and bruising after irradiation.

Phenoloxidase activity.  Since the browning of fresh mushrooms is

related to the enzyme phenoloxidase an attempt was made to assess

the effect of irradiation on this enzyme.  Acetone powders were

prepared from mushrooms exposed to 0, 10, 50, 100 and 1000 Krad of
1                                                                                                         -

gamma radiation; the powders were extracted with buffer and the ex-

tracts were tested for pheno loxidase activity using catechol   as   a
;,

'
substrate. There was no appreciable difference in activity be-

tween the 0, 10 and 100 krad groups.  The activity of the 50 Krad

group was greater than that of the other groups, but it was

thought that this increase may be due to improved extraction at

that dose-level.  There was a 50% decrease in activity when the

mushrooms were exposed to 1000 Krad.
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i Storage in 5% CO2: Certain p. rishable commodities are better preserved

in atmospheres containing CO2 in higher than common concentrations.

In this experiment irradiated (50 krad) and control (0 Krad) mushrooms

were stored at 11'C in common air and in air containing 5% CO2.  The

results indicated a decrease in cap opening as a result of the ir-

radiation, but no such decrease as a result of elevated CO2 content

in the air was observed.

Storage at 0.5'C.  A separate experiment was conducted to establish

the effect of near-freezing post-irradi·ation storage on the cap

opening of mushrooms.  The temperatures of 0.5'C and 5'C were sel-

ected in combination with 0, 25, 50 and 100 Krad of gamma irradiation.

The results are summarized in Table 12.

TABLE 12.  Opening ratio (O.R.) and degree of opening (D.0.) of mush-

rooms exposed to 4 different doses of gamma. irradiation and then

stored at two different temperatures.

1

0
Storage temp.,  C

0 0
0.5                                        5

i.

Storage days Storage days

Dose
Krad      7       14          21          5        10         15        20

O.R. D.0. O.R. D.0.'  O.R. D.0.   O.R. D.0. O.R. D.0. O.R. D.0. O.R. D.0.

0    .4   .0   .5 .0 .5 .0 .7   .3  1.1 11.0  1.9 11.0  2.9 '1.0
25    .4   .0   .5 .0 .5 .0 .5   .1   .5   .1   .7   .4   .6   .4
50    .4   .0   .6 .0 .5 .0 .5   .0   .7   .4   .5   .2   .5   .2

100    .4   .0   .5 .0 .5 .0 .4  ,.0   .5   .1   .6   .2   .6   .2l i l i

0

1
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,   The mushrooms stored at 0.5'C remained tightly closed for 3 weeks,

whether they were irradiatid or not.  On the 2lst day, some mold

was visible on the control samples, very little mold on the 25

Krad samples and no mold on those exposed to 50 and 100 Krad.

0
The mushrooms stored at 5 C responded as previously reported:

irradiation at all doses tried depressed the opening rate of the

caps.  Choosing arbitrarily the value O.R. = 0.8 as an index of

the end of the shelf life of the mushrooms, the non-irradiated

. samples lasted  6  or  7  days when stored  at 5'C, while  the  ir-

radiated samples were.,still good after 20 days of storage.

Pennsylvania-grown mushrooms.  Twenty pounds of white mushrooms

grown in Pennsylvania were flown to Michigan State University and

exposed to 0, 12.5, 25, 50, 100 and 200 Krad of gamma radiation on

the day of harvest.  They were then stored at 2'C for 4 days and 8'C

for 11 more days.  Periodic measurements during storage indicated

that the Pennsylvania-grown mushrooms responded to irradiation

exactly as those grown in Michigan: the cap opening, as measured

2                 by both the opening ratio and degree of opening, was greatly

retarded, the color remained lighter and the weight loss was pract-

ically the same in the irradiated.and control mushrooms.

Electron irradiation.  The results of a comparison between electron

and gamma irradiations regarding their effect on the shelf life of

mushrooms are summarized on Table 13.

#
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Table 13.  Opening ratio (O.R.) and degree of opening (D.0.) of

I

mushrooms irradiated with 1-Mev electrons or gamma rays after

4 days of storage at 10'C.

Dose,
Krad Gamma Electrons/Stem down Electrons/Stem up

O.R. D.0. O.R. D.0. O.R.  D.0.
0 480 .84 .80 .84 .80 .84
12.5 .43 .25 .63 .84 .57 .69
25 .41 .29 .74 .97 .57 .74
50 .35 .11 .64 .73 .64 .66

100 .42 .14 .64 .64 .43 .28
200 .38 .09 .66 .68 .42 .36

Obviously gamma radiation is more effective in inhibiting cap opening

than electron irradiation.  This is most likely due to the greater

penetration of gamma rays.  It is also apparent that when the

electron beam was directed to the underside rather than to the

top of the cap the inhibition was more pronounced.  This again may

be explained as a penetration effect, since the electrons entering

from the top of the cap may not reach the area on the underside

where the opening occurs.

A similar comparison between the two types of radiation regarding

the weight loss of irradiated mushrooms did not reveal any definite

d if f erences.

DOSIMETRY

Extensive dosimetry in the center well and the surrounding space

of the Food Science Gamma Facility of this University was carried

out by means of the Fricke and the Ferrous-Cuprice methods.  Perfor-

mance tests of the Perspex-HX dosimeters were also conducted in this

Facility.  The dosimetry data are numerous and difficult to summarize;

they are described in detail in Annual Report COO-1592-36.
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ABSTRACT

A number of food commodities were exposed to gamma irradiation and 1

Mev electron irradiation for the purpose of extending their marketing

period.  The results were as follows.

Asparagus spears were exposed to gamma irradiation in the range of               ·.

10 to 100 krad and subsequently stored at 4' to 10'C.  Study of the

spear length, color, texture, fiber content, water loss and overall

quality revealed no definite advantage derived from the irradiation

treatment.

Blueberries exposed to 150-300 krad of gamma rays were subsequently

freeze-dried at a faster rate than non-irradiated controls (approx.

20% saving in time).

Strawberries sustained less microbial growth during storage if they

were gamma irradiated (100 to 800 krad) soon after harvest.  Over-

wrapping the strawberry-containing pint-boxes with polyethylene film

before irradiation did not lengthen the shelf life of the fruit.

Dipping the strawberries into 0.5% Ca   (from CaC12) before irradia-

tion did not always result in firmer fruit during storage.

Sweet cherries, like strawberries, sustained less microbial growth

during storage if they were exposed to 100-800 krad gamma irradia-

tion, but softened as a result of the treatment.  The softening was

overcome by dipping in 0.5% Ca  .  Combination of hot (46' or 50'C.)

water treatment with irradiation (100 or 200 krad) did not result in

better keeping quality of the fruit than irradiation alone.

.
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Peaches were exposed to gamma irradiation (50 or 100 krad), hot water

(460 or 550C) and combiriations of these two treatments without definite

benefits in terms of shelf life extension of the fruit.

Sweet Corn was gamma irradiated to 30 and 300 krad with the prospect

of retaining higher moisture in the kernel during storage.  The ob-

jective was not achieved.

Apple luice was treated with gamma irradiation (100 to 400 krad) and

with a combination of irradiation (150 krad) and heat (49'C for 30 min.)

The combination treatment resulted in greater reduction of the microbial

load of the juice than irradiation alone and added 2-3 weeks to the

refri:gerated shelf life of the juice over that of the untreated control.

The organoleptic properties of the heated and irradiated product were

good.

Mushrooms. Of all the commodities tested in this work fresh white

mushrooms responded best to the irradiation treatment regarding pro-

longation of marketing period.  On the basis of cap opening, the shelf

life of this product was extended 3 to 5 times by irradiation in the

dose range of 25 to 100 krad and subsequent storage at 5'C (41'F) to

20'C (68'F).  Upon storage near O'C (32'F) the irradiation effect was

· insignificant. 1-Mev electron irradiation extended the shelf life of

white mushrooms to a smaller degree than gamma irradiation.  The

color of the irradiated mushrooms was lighter than that of the controls

and the taste and texture  were not affected  by the treatment.     For  max-

imum effect irradiation should be applied soon after harvest.

iii
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INTRODUCTION

The research conducted at the Food Science Department, Michigan

State University, under Contract.No. AT(11-1)-1592, aimed at the

extention of the marketing period of fresh fruits and vegetables

by means of low levels (up to 500 krad) of ionizing radiations'.

The experiments carried out may be divided into two general

categories:  those in which a delay in the decay of the commodity

was attempted through reduction of its microbial load, and those

in which the shelf life extension was expected as a result of

the retardation of muturation of the commodity, both by means

of irradiation alone or in combination with other treatments

(heating, refrigeration, controlled atmosphere etc).  These

experiments  will be summarized  on a commodity basis.

ASPARAGUS

In four experiments the effect of radiation in the dose range

of 10 to 100 krad was studied on the lengthening of the spears,

water balance, color, texture  and f iber-plus-ash content   o f

fresh asparagus.  It was found that irradiation slightly re-

tarded the growth of the asparagus spears. (Table 1 contains

the results of a typical experiment), but had little or no  effect

on the water balance (weight loss), color (visual observation

and photometric evaluation of an 80% acetone extract at 440 and

660 nm), texture (Allo-Kramer shear press technique)  and

fiber-plus-ash content; for a period of several days to several

weeks of post-irradiation refrigerated (4' to 10'C) storage.

1
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TABLE 1.  Length of asparagus (inches) in post-irradiation storage

at 4'C (Average of 20 spears).

Storage time - days
.,

Dose - Krad                                    32a0      4        8       16             Ave.

0 8.34 8.82 8.75 8.77 8.91 8.72

30 8.35 8.55 8.55 8.60 =8.56 8.52                         '

100 8.32 8.61 8.62 8.68 8.68 8.58

 At 32 days, a full sample of 20 was not measured due to deterioration

of 10 to 20% of the spear tips.

BLUEBERRIES

Three experiments were carried out with blueberries. In two of them

a study was made of the effect of radiation on the freeze-drying

rate of blueberries, and in the third a dipping in CaC12 solution

was atcempted in order to offset the radiation-induced softening

of the fruit. It was shown that exposure to 150 and 300 krad

of gamma radiation significantly reduced the freeze-drying time of

blueberries. (Table 2).

TABLE 2.  Percent weight loss of blueberries, var. Jersey, during

freeze-drying.  Average of two samples, each weighing 300 g

initially.

Drying time (hours)

Dose-krad       0        3         8          18          30

0                              0                   10. 3· ,33.7 61.8 71.8

300           0 14.1 41.8 73.8 83.1

2



It was also found that dipping blueberries in-'0.5% Ca   (from

CaC12'2H2O) for one hour prior to irradiation at 200 Krad·resulted

in firmer texture of the fruit.

STRAWBERRIES

Six experiments were conducted with this fruit.  In three of them

an attempt was made t6 measure the reduction of microbial load

by irradiation, in the fourth experiment the combined effect

of irradiation and wrapping the strawberry container with thin

polyethylene film was studied, and in the last two experiments

dipping in a CaC12 solution was applied for the purpose of

overcoming the radiation-induced softening of strawberries.

Among the techniques used to study the reduction in the natural

microbial load by irradiation, converting the strawberry sample to

a slurry and making a total count and a mold-plus-yeast count

before and after irradiation rendered the most consistent re-

sults.  Table 3 illustrates the application of this technique

-        in one experiment.

'
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TABLE 3.  Effect of gamma irradiation on the microbial population

of strawberries. (Colonies per gram)

Dose Yeast & % Survival % Survival
Krad Sample* Total Count mold count Total count Yeast & mold count

44
0      A         8.2 x 10 6.2 x 10 100 100

44
B        10.1 x 10 6.1 x 10 100 100

44
100      A         3.7 x 10 3.7 x 10         39           59

44
B         3.9 x 10 3.4 x 10         40           56

4                 4
200      A        1.6 x 10 1.4 x 10         19           23

44
B         1.7 x 10 1.4 x 10         17           23

22
400      A         6.7 x 10 4.2 x 10 0.81 0.69

22
B        12.0 x 10 3.9 x 10 1.2 0.69

2
800      A         2.7 x 10           0 0.33 0.10

2
B         1.8 x 10           0             0.18         0

* A and B are subsamples of the same master sample.

4



Since the total count decreased more rapidly than the mold-

plus-yeast count when the radiation dose increased, it appears

that the bacterial population on these samples was more sensitive

to irradiation than the yeasts and molds.  It is noteworthy that

a dose of 400 krad was necessary for a 99% reduction of the micro-

bial load of strawberries.

Strawberries packed in pint-wooden boxes and then over-wrapped

by 1.5 mil. polyethylene film before exposure to 200 krad of

gamma-irradiation did not show fewer lesions or firmer texture

after 5 and 10 days of storage at 3-4'C than strawberries ir-

radiated and stored without the overwrap. In fact, the variety

Robinson did not keep better after irradiation, whether the

berries were wrapped in film or not.

A combination treatment of irradiation at 200 and 400 krad

with soaking in 0.5% Ca1-  (from CaC12 2H2O) for 30 minutes

prior to radiation did not yield consistent results in two

different experiments, regarding the spoilage rate and

texture change  of the fruit. In both cases, however, ir-

radiation plus soaking resulted in less spoiled fruit than

soaking alone.

·5



SWEET CHERRIES

Three experiments were conducted with sweet cherries, var.

Schmidt.  In the first experiment, the fruit was exposed to 20 and

++
200 krad of gamma irradiation with or without soaking in 0.5% Ca

for one hour.  The soaking was applied before or after irradiation.

Observations made during a 4-week post-irradiation storage at

3-4'C revealed no benefit from irradiation.  On the contrary,

the irradiated cherries were softer, but:Ithe softening was cor-

rected by the calcium treatment.  The additional observation was

made that cherries stored with stems attached keep better than

without stems, irrespective of irradiation.

In the second experiment the effect of gamma irradiation was

studied on the microbial load of the cherries.  It was shown that

both the total count and the mold-plus-yeast count were reduced

as the radiation dose increased  up to 800 krad.

In the third experiment the affect of dipping the fruit in

water at 46'C or 50'C for 4 minutes in combination with irradiation

at 100 or 200 krad was studied.  Again no advantage in terms of

keeping quality was observed from either heating, or irradiating

or combining the two treatments.
\
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PEACHES

Peaches, var. Red Haven, were exposed to a combination of hot

(46' , 55'C) water and irradiation (50, 100 krad) treatments, with

the appropriate controls (0 Krad, no contact with H2O' 24'C w
ater).

The shelf life of the fruit was not extended either by the com-

bination treatment, or by the single treatments (hot water or

irradiation).  Heating at 55'C, alone or in combination with ir-

radiation, resulted in a mottled appearance of the peaches, while

irradiation, alone or in combination with heating softened the           
                 

fruit.

SWEET CORN

The quality of fresh sweet corn in storage is related to

its water content, since greater moisture in the kernel indicates

less conversion of sugar to starch.  This experiment was carried

out for the purpose of exploring the effect of irradiation on

the moisture content of sweet corn. Two dozen ears of the

variety Northern Bell were husked and exposed to 0, 30 and 300

krad of gamma irradiation, 8 ears per dose.  Three 20 g  samples

of kernels from each treatment were analyzed immediately after

irradiation and 14 days later.  The ears were stored in polyethylene

bags at 3'-4'C.  The moisture decreased during storage by 19.6%

in the control, 20.3% in the 30 krad, group and 20.8% in the 300

krad group.  No improvement in moisture retention could be de-

rived by the irradiation of sweet corn.
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APPLE JUICE

The possibility of pasteurizing apple juice by irradiation

was explored in three experiments.  The effect of irradiation on

the viability of the microorganisms naturally present in apple

juice is illustrated in Table 4.

TABLE 4.  Effect of gamma irradiation on the microbial population

of apple juice. (Colonies per ml)

Dose- Yeast & % Survival % Survival

Krad Atmosphere Total Count    Mold C ount Total Count Yeast  &. Mold Count

55
0 N* 4.22 x 10 8.63 x 10 100 100

2

Air 10.·1   x   105          9.09   x 105 100 100

55
100          N        1.01 x 10 1.68 x 10 23.9 19.5

2

Air 1.06 x 105  2.02 x 105 10.5 22.2

44
200          N        1.77 x 10 3.71 x 10 4.2 4.30

2

Air 3.09 x 104  4.25 x 104 ..3.1 4.7

33
300          N        6.38 x 10 8.38 x 10 1.5 0.97

2

Air 7.56 x 103  9.00 x 103 0.75 0.99

3
400          N        1.47 x 10 0.35

2

*Eachbottle·.of juice was evacuated  and  N2 was introduced  into  the

headspace.

Both the total and yeast-plus-mold counts were reduced to 1% by

300 krad.  The packing atmosphere had little or no effect on the

percent reduction of microbial loac y gamma  rays.

8



The effect:,of irradiation on the color and viscosity of apple juice

was also studied.  It was found that irradiation lightened the color

of the juice (300 krad reduced the absorbance at 440 nm to one

third of the original value), but had little if any effect on the

viscosity of the juice.

A combination treatment, involving irradiation at 150 krad and

heating at 49'C (120'F) for 30 minutes, in that order or vice

versa, was applied to apple juice, and the effect of this treat-

ment on the flora, color, flavor, visosity, acidity and soluble

solids of the juice was studied.

It was found that although the combination treatment was much
1 -

more effective than the single treatments in reducing the popu-

lation of microorganisms in the juice, a sufficient number of

them survived to spoil the juice on storage at 30-40C.  It was

estimated that storage at 3'-4'C after the combination treatment

would add 15 to 20 days to the shelf life of the juice, since by

that time the microbial count of the treated juice would have

reached the original number.  The color lightened more by the

combination treatment than by the individual treatments alone.

The flavor did not seem to have been affected seriously by

either the combination or the single treatments.  There was a

slight decrease in viscosity and practically no change in the

acidity or the soluble solids of the juice as a result of the

treatments, in general.

1
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MUSHROOMS

Introduction

Cultured mushrooms are highly perishable.  They can be kept

in prime condition for only one day at 50'F, 2 days at 40'F, or

5 days at 32'F. During storage the obvious

visual changes are opening of the cap, darkening of the gills

(which are soon exposed to view), elongation of the stem, darkening

of the cap and stem, and shriveling; all undesirable changes.

The purpose of the present study is to define the progress

of cap opening according to some qualitative measurements, pri-

marily as a function of radiation dose and storage temperature,

present a recommendation as to the efficacy of a particular

radiation dose or range of doses in retarding cap opening and

other deleterious changes; and to circumscribe the appropriate

conditions to achieve the desired effects.

Materials and Methods

Mushrooms.  All mushrooms (Agaricus bisporus, Sing.),except

those used in the Pennsylania-mushroom experiment, were supplied

by a growers' cooperative near Detroit within a few hours after

harvest.  With exceptions as noted below, the mushrooms were

treated and placed in storage within 8.to 10 hr after harvest.

Storage containers.  Of several container styles, a 1-qt

polyethylene cottage cheese tub proved to be superior in main-

taining mushrooms quality, regardless of treatment.  These tubs

had six 3/8-in. diameter holes evenly distributed in the sides;

10



the tops were covered with moisture proof film.  The problem was

to avoid excessive dehydration, which promoted browning, but to

allow enough oxygen exchange to prevent "suf focation."  In  some

instances, especially when measurements were made on the same

mushroom from time to time, the mushrooms were set out in egg

'

filler flats made of chip board.  This ensemble was put in an

unperforated polyethylene bag.  The two methods of storage

permitted comparable transpiration losses:  10-20% depending on

storage temperature and time.

Irradiation. Irradiations were with Cobalt-60 either at

the 8,000 Curie source at the Phoenix Memorial Laboratory, Ann

Arbor, Michigan (irradiation at about 8'C) or at the Michigan

State University 50,000 Curie Research Irradiator (irradiation

at ambient).  Dosimetry at both installations is based on the

Fricke method (ASTM, 1959) and a decay correction based on a

half-life of 5.24 years.  Dose rates varied among experiments

and within a given experiment from 5 to 200 Krad/hr, except for

a few tests at 800 Krad/hr.  All doses were delivered at 100

Krad/hr in recent tests.  The containers, either wooden pint

boxes or the 1 quart tubs referred to above, were turned 180'

after half the dose had been given.  Also 1-Mev-accelerated electrons

generated in a G.E. Resonance Transformer were used.  The mushrooms

were irradiated in a single layer with either the stems facing the

electron beam (stems up) or the caps facing it (stems down).  Egg

filler flats were employed for positioning the mushrooms properly.

\
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Measurements.  The Degree of Opening (D.0.) is a fractional

measure (to the nearest tenth) of the separation of the veil from

the stem measured along the veil circumference.  We used a

transparent disc with a hole cut in the center to fit over the stem;

the disc was marked every 36'.  A completely,closed mushroom

has   a   D.0.   of   0.      When   the  veil is, completely separated   from   the

stem, the D.0. is 1. The· ease of measurement and the non-destruc-

tive feature are the principal advantages of the index D.0.

But the variability is large (coefficient of variation of 50% at

a D.0, of 0.8) and the correlation with other changes (e.g., in-

crease in cap diameter) is low; moreover, there is no change in

D.0. in either the early or late stages of storage life.  D.0.

gives an indication of present quality, but is a poor predictor of

remaining storage life.

The Opening Ratio,  O.R., is defined  by O.R.  =  (b+c)/ [a-(b+c)],

where (b + c) is the total opening gap, measured on a diameter

from gill tip to gill tip, less the stem diameter.  That is, b

is the distance between the one gill tip and the stem and c is the

distance between the opposite gill tip and the stem.  The a value

is the cap diameter (maximum projected diameter) so that a-(b + c)

is  an "effective" diameter,   or   the cap diameter adjusted   for   the

separation between the gill tips and the stem.

The Opening Ratio is the ratio of the total opening gap,

(b  +  c)   ,   to the "effective" closed cap diameter,   a  -   (b  +  c) .

Measurements were made with a dial caliper.  The O.R. is a de-

structive measurement since the mushroom must be cut in half to

make the measurement (b + c).  The consequent disadvantage is

12



that one cannot follow -0.R. for individual mushrooms.      One  ad-

vantage of O.R. is that it combines the quality features of

expanding cap and shrinking stem in a single index.  Stem dia-

meter was measured along the line defined by the gill tips.

Mushroom height was measured from the top of the cap to the

bottom of the stem wherever the picker happened to cut it.

Shear resistance was measured with an Allo-Kramer shear

press-250-lb ring, range 50, low setting.  Reflectance was

measured with a Gardner Color Difference Meter.  Respiration

was measured automatically in the open system device located

in the Department of Horticulture.

Results

Opening ratio and degree of opening.  Tables 5, 6, and 7

illustrate the general effects of radiation on O.R. and D.0.

(The same mushrooms are referred to in Tables 1 and 2.)  Radia-

tion suppresses growth as measured by both characteristics, but

the differential effect is very small over a wide dose range.

For example, in one test, the O.R.'s after 7 days' storage at

109C for doses of 0, 10, 20, 50, and 100 Krad, were 1.30, 0.50,

0.50, 0.55, and 6.55 respectively.  The D.0. appears to be dif-

ferent among doses within this same range (Table 7).  Not evident

in:a single test is the wide variation from test to test due

presumably  to such variables  as the particular "break" harvested,

maturity at harvest, and moisture loss during storage.

13



For example, after 7 days' storage (8·days for the.last.figure,

given) at 10'C, the D.0.'s for mushrooms treated with 50.Krad

were 0.3, 0.6, 0.4, 0.6, and 0.3.  These are averages of 15 or

20 mushrooms.

The rate of change of the opening ratio (O.R./day) is nearly

linear up to an O.R. of about 1.  The logarithm of the rate is

approximately linear in the temperature range 3 to 15'C and

has a value at 10'C of about 0.1 for unirradiated mushrooms and

0.02 for irradiated mushrooms.  The,Ql  is about 6. .These values

are best estimates derived from the composite results of all

experiments.

TABLE 5.  Opening Ratio, O.R., of irradiated mushrooms stored
at various temperatures.  Each entry is the average of 15 mush- ·

rooms; the initial O.R. was 0.35.

Storage
Temp., Dose, Krad

IC        Days         0       50 100 200

5         21 1.00 0.55 0.60 0.50

10         15 1.95 -0.60 0.40 0.40

15 4 1.20 0.55 0.50 0.50
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TABLE 6.  Degree of Opening, D.0., of irradiated mushrooms stored
at various temperatures.  Each entry is the average of 15 mush-

rooms; the initial D.0. was 0.

Storage

Temp.,
'

Dose, Krad

IC         Days           0        50 100 200

5          21 0.6 0.2 0.2 0.1

10          11 0.8 0.3 0.1 0.0

15           3 0.9 0.3 . 0.1 0.1

TABLE 7.  Degree of Opening, D.0.,of irradiated mushrooms during
storage at 10'C, average of the same caps at each dose.  Initial

D.0. was 0.

Dose, Krad

Time days             0        10         20       50       
100

2 0.0 0.0 0.0 0.0 0.0

4 1.0 0.3 0.5 0.2 0.0

7 1.0 0.8 0.7 0.4 0.0

11 1.0 0.8 0.8 0.4 0.0

\
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TABLE 8.  Physical changes, %,in irradiated mushrooms after 7 and 11 days storage at 16'C,
original (at zero dayd) and final measurements made on the same mushrooms.

Property Original Days Dose. Krad
measured valuel Storage          0      10     20      50        100

Cap dia. 1.37 in.        7 16.4 5.7 7.4 5.3 3.5
11 25.2 7.1 7.8 4.7 2.5

Height 1.29 in.        7 31.8 39.6 47.4 34.0 9.7

11 35.5 41.7 49.4 35.5 19.7

Stem dia. 0.64 in.        7 -27.2 -21.1 -16.6 -15.0 -16.2
11 -31.2 -26.7 -22.6 -20.6 -21.3

Weight 12.20 g.         7 -11.3 -15.8 -14.9 -12.0 -13.0
11 -14.9 -19.7 -17.1 -14.6 -15.4

D.0. 0.0             7 1.0 0.8 0.7 0.4 0.0
11 1.0 . 0.8 0.8 0.4 0.0

4
1
Average of all samples.



 ------*1 -

Other dimensions.  The dimensions critical for quality are unequally

influenced by radiation.  The percentages of change after 7 and 11

days of storage at 10'C are shown in Table 8.  Measurements were

made periodically on the same mushrooms up to 11 days after treat-

ment  and the following conclusions are based  on  the data  at  11  days.
Cap diameter was most easily affected by radiation.  The cap dia-

meter of unirradiated mushrooms increased linearly  up   to   11  days.
 1 Radiation reduced   the rate appreciably,   but not significantly

among doses.  Mushroom height increased linearly for all treatments up

to 6-7 days after irradiation and then remained nearly constant.

The   rates   of   height   increase for mushrooms treated   at   0   and   50   Krad

were about the same; however, the rate·was significantly increased

by 10 and 20 Krad and significantly reduced by 100 Krad.  Stem

diameter decreased linearly for all treatments up to 11 days;

rates of change of stem diameter for mushrocms treated at 0 and 10

Krad were nearly equal and were significantly reduced at 20 Krad

and above.  There is some evidence that the higher weight loss at

10 Krad is real, but there is inhomogeneity of variances among

doses. The higher average weight   loss   at   20   Krad is almost   all
due to one mushroom which lost 33% of its original weight.

Delay.  A delay between harvest and irradiation appears to cause

some loss in the advantages of radiation.  The rates of opening

shown in Table 9 are consistent with the conclusion that as treatment

is delayed, the retarding effect is less pronounced.  Nontheless,

opening ratio. rates are still appreciably reduced.  Even at 100
1

Krad, radiation failed to retard the increase in mushroom height,

and if anything the rate was enhanced at 50 Krad.  The percentages
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of the increase in heights after one week at 10'C for mushrooms

irradiated just after harvest (0.3 days) were 22, 39, and 31%,

whereas in a previous test (Table 8) the corresponding percent-

ages (0, 50 and 100 Krad, respectively) were 32, 34, and 9.7.

Respiration.  Despite the radiation treatment, which exerted a

dampening effect on respiration rate characterized by a gradual

decline in rate throughout the 4-day storage period investigated,

temperature governed the basic rate, which has a Q of 4 in the
10

early part of the storage period.  As the values in Table 10

indicate, radiation effects were only evident at 10 and 15'C

and only as storage time increased.  An analysis of variance of

cumulative rates (See Table 11) indicated differences (P = 0.05)

only at 15'C and only between control and all irradiated samples.

Oxygen consumption exhibited the same general characteristics.

The observed respiratory quotient, 002:02, was 0.86, and there

was no difference among treatments or temperatures.

Texture and color. Irradiation at 500 and 1000 Krad reduced the

shear resistance by 10 and 15%, respectively, compared to mush-

rooms given 0, 10, 50, and 100 Krad, for which, the readings on

75-g portions were about 50fa.  Readings were taken after over-

night storage at 10'C.  After a week at 10'C, shear reading had

decreased an additional 5% for mushrooms given 500 Krad, but the other

samples retained their original firmness.  The 1000-Krad samples were

not stored.
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TABLE 9. Opening ratio rate,l O.R./day,·as influenced by.delay:
between harvest and irradiation.  Examined 7.3 days after harvest,0
stored at 10 C.

Delay, days

Dose, Krad 0.3 1.3 3.3

0 0.25 0.28 0.31

80 0.045 0..065 0.086

100 0.038 0.052 0.11

Status at the O.R. 0.38 0.43 0.65

time of D.0. 0.0 0.0 0.4

irradiation.

1
All rates calculated between time of irradiation and 7.3 days after
harvest.

TABLE 10.  Respiration rates, g CO2/g-hr, of irradiated mushrooms
stored at various temperatures.

Days after
irradiation

Dose,
Temp., oC Krad 1.5 5.0

5                     0                65               70
1

10-100              70               70
10                      0 110 130

1
10-100 120               95

15                     0 260 200
1

10-100 240 130

1Average of triplicate samples at each of 10, 20, 50 and 100 Krad,

no significant difference among doses.

1TABER 11.  Cumulative respiration,  mg CO /g tissue, of irradiated
mushrooms stored at various temperatures  or 96 hr.

Dose, Krad

Temp., oC 0 10 20     50     100

5                              5.8   5.9    6.1    5.6    5.6
10                             12    11     10     11     10
15                             22    18     17     16     17

1Each entry the average of triplicate samples.
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A set of reflectance readings taken on individual caps failed

to reveal any large differences in L  among doses (0-50 Krad in

one test, 0-100 Krad in another), although the decrease in L

as a function of time was readily measured.  In another test,

nine caps irradiated at each of three doses (0, 50, and 100 Krad)

were arranged (after 8 days' storage at 10'C) cap-up in egg carton

filler-flats, and an untrained panel was directed to rank the 3

samples in order of decreasing darkness.  From 22 judgments,

duplicate sets of samples, 11 judges, the rank sums in order of

increasing dose were 22, 45, and 65.  These sums indicate a real dif-

ference in the extent of darkening among samples treated at different

doses.  This result confirms our visual impression that in every

test the irradiated samples darkened less rapidly than controls.

20



Taste.  Several taste sessions were held in which mushrooms irrad-

iated at 0, 12.5, 25, 50 and 100 Krad were tasted by a total of

85 judges one, two and seven days after irradiation.  The mushrooms

were sauteed in butter before serving.  No statistically signifi-

cant differences in taste were detected between the five groups

of mushrooms.

Bruising.  White mushrooms were intentionally bruised by free fall

or by shaking, either before or after irradiation with 0, 25 and

100 Krad and visually compared by a total of 37 judges for brown

discoloration. Irradiation was found to reduce the bruise-induced

browning during storage at 10'C.  No clear differences were

apparent in browning between the doses of 25 and 100 Krad or be-

tween bruising before and bruising after irradiation.

Phenoloxidase activity.  Since the browning of fresh mushrooms is

related to the enzyme phenoloxidase an attempt was made to assess

the effect of irradiation on this enzyme.  Acetone powders were

prepared from mushrooms exposed to 0, 10, 50, 100 and 1000 Krad
 of

gamma radiation; the powders were extracted with buffer and the ex-

...tracts were tested for pheno loxidase activity using catechol   as   a

substrate. There was no appreciable difference in activity be-

tween the 0, 10 and 100 krad groups.  The activity of the 50 Krad

group was greater than that of the other groups, but it was

thought that this increase may be due to improved extraction at

that dose-level.  There was a 50% decrease in activity when the

mushrooms were exposed to 1000 Krad.
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Storage in 5%
CO2. Certain p.·rishable commodities are better preserved     , 

in atmospheres containing CO2 in higher than common concentrations.

In this experiment irradiated (50 krad) and control (0 Krad) mushrooms

were stored at 11'C in common air and in air containing 5% (02.  The

results indicated a decrease in cap opening as a result of the ir-

radiation, but no such decrease as a result of elevated CO2 content

in the air was observed.

Storage at 0.5'C.  A separate experiment was conducted to establish

the effect of near-freezing post-irradiation storage on the cap

opening of mushrooms.  The temperatures of 0.5'C and 5'C were sel-

ected in combination with 0, 25, 50 and 100 Krad of gamma irradiation.

The results are summarized in Table 12.

TABLE 12.  Opening ratio (O.R.) and degree of opening (D.0.) of mush-

rooms exposed to 4 different doses of gamma irradiation and then

stored at two different temperatures.

0
Storage temp.,  C

0                                               0
0.5                                        5

Storage days Storage days

Dose                          
Krad      7       14          21          5        10         15        20

O.R. D.0. O.R. D.0.   O.R. D.0.   O.R. D.0. O.R. D.0. O.R. D.0. O.R. D.0.

0    .4   .0   .5 .0 .5 .0 .7   .3  1.1  1.0  1.9  1.0  2.9  1.0
25    .4   .0   .5 .0 .5 .0 .5   .1   .5   .1   .7 | .4   .6   .4
50    .4   .0   .6 .0 .5 .0 .5   .0   .7   .4   .5 | .2   .5   .2

100    .4   .0   .5 .0 .5 .0 .4   .0   .5   .1   .6 | .2   .6   .21

1                                                                                                                        1

)

\
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The mushrooms stored   at   0.5'C remained tightly closed   for 3 weeks,

whether they were irradiatld or not.  On the 2lst day, some mold

was  visible  on the control samples, very little  mold  on  the  25

Krad samples and no mold on those exposed to 50 and 100 Krad.

' The mushrooms stored at 5'C responded as previously reported:

irradiation at all doses tried depressed the opening rate of the

caps.  Choesing arbitrarily the value 0.1. = 0.8 as an index of

the end of the shelf life of the mushrooms, the non-irradiated

samples lasted 6 or 7 days when stored at 5'C, while the ir-

radiated samples were.still good after 20 days of storage.

Pennsylvania-grown mushrooms.  Twenty pounds of white mushrooms

grown in Pennsylvania were flown to Michigan State University and

exposed to 0, 12.5, 25, 50, 100 and 200 Krad of gamma radiation on

the day of harvest..  They were then stored at 2'C for 4 days and 8'C

for 11 more days.  Periodic measurements during storage indicated

that the Pennsylvania-grown mushrooms responded to irradiation

exactly as those grown in Michigan: the cap opening, as measured

by both the opening ratio and degree of opening, was greatly

retarded, the color remained lighter and the weight loss was pract-

ically the same in the irradiated and control mushrooms.

Electron irradiation.  The results of a comparison between electron

and gamma irradiations regarding their effect on the shelf life of

mushrooms are summarized on Table 13.
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Table 13.  Opening ratio (O.R.) and degree of opening (D.0.) of

mushrooms irradiated with 1-Mev electrons or gamma rays after

4 days of storage at 10'C.

Dose,
Krad Gamma Electrons/Stem down Electrons/Stem up

O.R. D.0. O.R. D.0. O.R.  D.0.

0 ;80 .84 .80 .84 .80 .84
12.5 .43 .25 .63 .84 .57 .69                      '
25 .41 .29 .74 .97 .57 .74
50 .35 .11 .64 .73 .64 .66

100 .42 .14 .. 64 .64 .43 .28
200 .38 .09 .66 .68 .42 .36

Obviously gamma radiation is more effective in inhibiting cap opening

than electron irradiation.  This is most likely due to the greater

penetration of gamma rays.  It is also apparent that when the

electron beam was directed to the underside rather than to the

top of the cap the inhibition was more pronounced.  This again may

be explained as a penetration effect, since the electrons entering

from the top of the cap may not reach the area on the underside

where the opening occurs.

A similar comparison between the two types of radiation regarding

the weight loss of irradiated mushrooms did not reveal any definite

d if f erences.

DOSIMETRY

Extensive dosimetry in the center well and the surrounding space

of the Food Science Gamma Facility of this University was carried

out by means of the Fricke and the Ferrous-Cuprice methods.  Perfor-

mance tests of the Perspex-HX dosimeters were also conducted in this

Facility.  The dosimetry data are numerous and difficult to summarize;

they are. described in detail in Annual Report COO-1592-36.
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ABSTRACT

A number of food commodities were exposed to gamma irradiation and 1

Mev electron irradiation for the purpose of extending their marketing

period.  The results were as follows.

Asparagus spears were exposed to gamma irradiation in the range of

10 to 100 krad and subsequently stored at 4' to 10'C.  Study of the

spear length, color, texture, fiber content, water loss and overall

 

quality revealed no definite advantage derived from the irradiation

treatment.

Blueberries exposed to 150-300 krad of gamma rays were subsequently

freeze-dried at a faster rate than non-irradiated controls (approx.

20% saving in time).

Strawberries sustained less microbial growth during storage if they

were gamma irradiated (100 to 800 krad) soon after harvest.  Over-

wrapping the strawberry-containing pint-boxes with polyethylene film

before irradiation did not lengthen the shelf life of the fruit.

Dipping the strawberries  into  0.5%  Ca + (from CaC12) before irradia-

tion did not always result in firmer fruit during storage.

Sweet cherries, like strawberries, sustained less microbial growth

during storage if they were exposed to 100-800 krad gamma irradia-

tion, but softened as a result of the treatment.  The softening was

overcome by dipping in 0.5% Ca++.  Combination of hot (46' or 50'C.)

water treatment with irradiation (100 or 200 krad) did not result in ,

better keeping quality of the fruit than irradiation alone.
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Peaches were exposed to gamma irradiation (50 or 100 krad), hot water

(460 or 550C) and combinations of these two treatments without definite

benefits in terms of shelf life extension of the fruit.

Sweet Corn was gamma irradiated to 30 and 300 krad with the prospect

of retaining higher moisture in the kernel during storage.  The ob-

jective was not achieved.

Apple luice was treated with gamma irradiation (100 to 400 krad) and

with a combination of irradiation (150 krad) and heat (49'C for 30 min.)

The combination treatment resulted in greater reduction of the microbial

load of the juice than irradiation alone and added 2-3 weeks to the
4

refrigerated shelf life of the juice over that of the untreated control.

-             The organoleptic properties of the heated and irradiated product were

good.

Mushrooms. Of all the commodities tested in this work fresh white

mushrooms responded best to the irradiation treatment regarding pro-

longation of marketing period.  On the basis of cap opening, the shelf

life of this product was extended 3 to 5 times by irradiation in the

dose range of 25 to 100 krad and subsequent storage at 5'C (41'F) to

20'C (68'F).  Upon storage near O'C (32'F) the irradiation effect was

insignificant.  1-Mev electron irradiation extended the shelf life of

white mushrooms to a smaller degree than gamma irradiation.  The

color of the irradiated mushrooms was lighter than that of the controls

and the taste and texture were not affected by the treatment.  For max-

imum effect irradiation should be applied soon after harvest.
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INTRODUCTION      :              '            - -

The research conducted at the Food Science Department, Michigan

State University, under Contract No. AT(11-1)-1592, aimed at the

extention of the marketing period of fresh fruits and vegetables

by means of low levels (up to 500 krad) of ionizing radiations.

The experiments carried out may be divided into two general

categories:  those in which a delay in the decay of the commodity

was attempted through reduction of its microbial load, and those

in which the shelf life extension was expected as a result of

the retardation of muturation of the commodity, both by means

of irradiation alone or in combination with other treatments

(heating, refrigeration, controlled atmosphere etc).  These

experiments  will be summarized  on a commodity basis.

ASPARAGUS

In.four experiments the effect of radiation in the dose range

of 10 to 100 krad was studied on the lengthening of the spears,

water balance, color, texture and fiber-plus-ash content of

fresh asparagus.  It was found that irradiation slightly re-

tarded the growth of the asparagus spears. (Table 1 contains

the results of a typical experiment), but had little or no  effect

on the water balance (weight loss), color (visual observation

and photometric evaluation of an 80% acetone extract at 440 and

660 nm), texture (Allo-Kramer shear press technique) and

fiber-plus-ash content  for a period of several days to several

weeks of post-irradiation refrigerated (4' to 10t) storage.

1

\



TABLE 1.  Length of asparagus (inches) in post-irradiation storage

at 4'C (Average of 20 spears).

Storage time - days    ·

Dose - Krad
0      4        8       16      32a    Ave.

0 8.34 8.82 8.75 8.77 8.91 8.72

30 8.35 8.55 8.55 8.60 8.56 8.52                          '

100 8.32 8.61 8.62 8.68 8.68 8.58

 At 32 days, a full sample of 20 was not measured due to deterioration

of 10 to 20% of the spear tips.

BLUEBERRIES

Three experiments were carried out with blueberries. In  two   of   them

a study was made of the effect of radiation on the freeze-drying

rate of blueberries, and in the third a dipping in CaC12 solution

was atcempted in order to offset the radiation-induced softening

of the fruit.  It was shown that exposure to 150 and 300 krad

of gamma radiation significantly reduced the freeze-drying time of

blueberries. (Table 2).

TABLE 2. Percent weight  loss of blueberries, var. Jersey, during

freeze-drying.  Average of two samples, each weighing 300 g

initially.

Drying time (hours)

Dose-krad       0        3         8          18          30

0            0 10.3· ,33.7 61.8 71.8

300           0 14.1 41.8 73.8 83.1
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It was also found that dipping blueberries in 0.5% Ca   (from

CaC12'2H2O) for one hour prior to irradiation at 200 Krad resulted

in firmer texture of the fruit.

STRAWBERRIES

Six experiments were conducted with this fruit.  In three of them

an attempt was made to measure the reduction of microbial load

by irradiation, in the fourth experiment the combined effect

of irradiation and wrapping the strawberry container with thin

polyethylene film was studied, and in the last two experiments

dipping in a CaC12 solution was applied for the purpose of

overcoming the radiation-induced softening of strawberries.

Among the techniques used to study the reduction in the natural

microbial load by irradiation, converting the strawberry sample to

a slurry and making a total count and a mold-plus-yeast count

before and after irradiation rendered the most consistent re-

sults.  Table 3 illustrates the application of this technique

in one experiment.
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TABLE 3.  Effect of gamma irradiation on the microbial population

of strawberries. (Colonies per gram)

Dose Yeast & % Survival % Survival
Krad Sample* Total Count mold count Total count Yeast & mold count

44
0      A         8.2 x 10 6.2 x 10 100 100

44
B        10.1 x 10 6.1 x 10 100 100

44
100      A         3.7 x 10 3.7 x 10         39           59

44
B         3.9 x 10 3.4 x 10         40           56

200      A         1.6 x 104 1.4 x 104        19           23

44
B         1.7 x 10 1.4 x 10         17           23

22
400      A        6.7 x 10 4.2 x 10 0.81 0.69

22
B        12.0 x 10 3.9 x 10 1.2 0.69

2
800      A         2.7 x 10           0 0.33 0.10

2
B         1.8 x 10           0             0.18         0

* A and B are subsamples of the same master sample.
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Since the total count decreased more rapidly than the mold-

plus-yeast count when the radiation dose increased, it appears

that the bacterial population on these samples was more sensitive

to irradiation than the yeasts and molds.  It is noteworthy that

a dose of 400 krad was necessary for a 99% reduction of the micro-

bial load of strawberries.

Strawberries packed in pint-wooden boxes and then over-wrapped

by 1.5 mil. polyethylene film before exposure to 200 krad of

gamma-irradiation did not show fewer lesions or firmer texture

after 5 and 10 days of storage at 3-4'C than strawberries ir-

radiated and stored without the overwrap. In fact, the variety

Robinson did not keep better after irradiation, whether the

berries were wrapped in film or not.

A combination treatment of irradiation at 200 and 400 krad

with soaking in 0.5% Ca=2 (from CaC12 2H2O) for 30 minutes

prior to radiation did not yield consistent results in two

different experiments, regarding the spoilage rate and

texture change of the fruit.  In both cases, however, ir-

radiation plus soaking resulted in less spoiled fruit than

soaking alone.
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SWEET CHERRIES

Three experiments were conducted with sweet cherries, var.

Schmidt.  In the first experiment, the fruit was exposed to 20 and

200 krad of gamma irradiation with or without soaking in 0.5% Ca  

for one hour.  The soaking was applied before or after irradiation.

Observations made during a 4-week post-irradiation storage at

3-4'C revealed no benefit from irradiation.  On the contrary,

the irradiated cherries were softer, but:Ithe softening  was   cor-

rected by the calcium treatment.  The additional observation was

made that cherries stored with stems attached keep better than

without stems, irrespective of irradiation.

In the second experiment the effect of gamma irradiation was

studied on the microbial load of the cherries. It was shown that

. both the total count and the mold-plus-yeast count were reduced

as the radiation dose increased   up to 800 krad.

In the third experiment the affect of dipping the fruit in

water at 46'C or 50'C for 4 minutes in combination with irradiation

at 100 or 200 krad was studied.  Again no advantage in terms of

keeping quality was observed from either heating, or irradiating

or combining the two treatments.
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PEACHES

Peaches, var. Red Haven, were exposed to a combination of hot

(46' , 55'C) water and irradiation (50, 100 krad) treatments, with

the appropriate controls (0 Krad, no contact with H2O' 24'C w
ater).

The shelf life of the fruit was not extended either by the com-

bination treatment, or by the single treatments (hot water or

irradiation).  Heating at 55'C, alone or in combination with 
ir-

radiation, resulted in a mottled appearance of the peaches, while

irradiation, alone or in combination with heating softened the

fruit.

SWEET CORN

The quality of fresh sweet corn in storage is related to

its water content, since greater moisture in the kernel indicates

less conversion of sugar to starch.  This experiment was carried

out for the purpose of exploring the effect of irradiation
 on

the moisture content of sweet corn. Two dozen ears of the

variety Northern Bell were husked and exposed to 0, 30 and 300

krad of gamma irradiation, 8 ears per dose.  Three 20 g  samples

of kernels from each treatment were analyzed immediately after

irradiation and 14 days later.  The ears were stored in polyethylene

bags at 3'-4'C.  The moisture decreased during storage by 19.6%

in the control, 20.3% in the 30 krad, group and 20.8% in the 300

krad group.  No improvement in moisture retention could
 be de-

rived by the irradiation of sweet corn.
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APPLE JUICE

The possibility of pasteurizing apple juice by irradiation

was explored in three experiments.  The effect of irradiation on

the viability of the microorganisms naturally present in apple

juice is illustrated in Table 4.

TABLE 4.  Effect of gamma irradiation on the microbial population

of apple j uice. (Colonies per ml)

Dose- Yeast & % Survival % Survival

Krad Atmosphere Total Count    Mold C ount Total Count Yeast  & Mold Count

55
0 N* 4.22 x 10 8.63 x 10 100 100

2

Air 10.1 x 105   9.09 x 105 100 100

55
100          N        1.01 x 10 1.68 x 10 23.9 19.5

2

Air 1.06 x 105  2.02 x 105 10.5 22.2

44
200          N        1.77 x 10 3.71 x 10 4.2 4.30

2

Air 3.09 x 104  4.25 x 104 ..3.1 4.7

33
300          N        6.38 x 10 8.38 x 10 1.5 0.97

2

Air 7.56 x 103  9.00 x 103 0.75 0.99

3
400          N        1.47 x 10 0.35

2

*Eachbottle·.of juice was evacuated and N2 was introduced into the

headspace.

Both the total and yeast-plus-mold counts were reduced to 1% by

300 krad.  The packing atmosphere had little or no effect on the

percent reduction of microbial 10.4by gamma  rays.
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The effect. of irradiation on the color and viscosity of apple juice

was also studied.  It was found that irradiation lightened the color

of the juice (300 krad reduced the absorbance at 440 nm to one

third of the original value), but had little if any effect on the

viscosity of the juice.

A combination treatment, involving irradiation at 150 krad and

heating at 49'C (120'F) for 30 minutes, in that order or vice

versa, was applied to apple juice, and the effect of this treat-

ment on the flora, color, flavor, visosity, acidity and soluble

solids of the juice was studied.

It was found that although the combination treatment was much

1

more effective than the single treatments in reducing the popu-

lation of microorganisms in the juice, a sufficient number of

them survived. to spoil the juice on storage at 30-40C.  It was

estimated that storage at 30-40C after the combination treatment «

would add 15 'to 20 days to the shelf life of the juice, since by

that time the microbial count of the treated juice would have

reached the original number.  The color lightened more by the

1

combination treatment than by the individual treatments alone.

The flavor did not seem to have been affected seriously by

either the combination or the single treatments.  There was a

slight decrease in viscosity and practically no change in the

acidity or the soluble solids of the juice as a result of the

treatments, in general.

1

4.  4
9
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MUSHROOMS

Introduction

Cultured mushrooms are highly perishable.  They can be kept

in prime condition for only one day at 50'F, 2 days at 40'F, or

5 days at 32'F. During storage the obvious

visual changes are opening of the cap, darkening of the gills

(which are soon exposed to view), elongation of the stem, darkening

of the cap and stem, and shriveling; all undesirable changes.

The purpose of the present study is to define the progress

of cap opening according to some qualitative measurements, pri-

marily as a function of radiation dose and storage temperature,

present a recommendation as to the efficacy of a particular

radiation dose or range of doses in retarding cap opening and

other deleterious changes; and to circumscribe the appropriate

conditions to achieve the desired effects.

Materials and Methods

Mushrooms. All mushrooms (Agaricus bisporus, Sing.), except

those used in the Pennsylania-mushroom experiment, were supplied

by a growers' cooperative near Detroit within a few hours after

harvest.  With exceptions as noted below, the mushrooms were

treated and placed in storage within 8 to 10 hr after harvest.

Storage containers.  Of·several container styles, a 1-qt

polyethylene cottage cheese tub proved to be superior in main-

raining mushrooms quality, regardless of treatment.  These tubs

had six 3/8-in. diameter holes evenly distributed in the sides;
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the tops were covered with moisture proof film.  The problem was

to avoid excessive dehydration, which promoted browning, but to

allow enough oxygen exchange to prevent "suf focation."  In  some

instances, especially when measurements were made on the same

mushroom from time to time, the mushrooms were set out in egg

filler flats made of chip board.  This ensemble was put in an

unperforated polyethylene bag.  The two methods of storage

permitted comparable transpiration losses:  10-20% depending on

storage temperature and time.

Irradiation. Irradiations were with Cobalt-60 either at

the 8,000 Curie source at the Phoenix Memorial Laboratory, Ann

Arbor, Michigan (irradiation at about 8'C) or at the Michigan

State University 50,000 Curie Research Irradiator (irradiation

at ambient).  Dosimetry at both installations is based on the

Fricke method (ASTM, 1959) and a decay correction based on a

half-life of 5.24 years.  Dose rates varied among experiments

and within a given experiment from 5 to 200 Krad/hr, except for

a few tests at 800 Krad/hr.  All doses were delivered at 100

Krad/hr in recent tests.  The containers, either wooden pint

boxes or the 1 quart tubs referred to above, were turned 180'

after half the dose had been given.  Also 1-Mev-accelerated electrons
6                                                                                                                                                                                       -

generated   in   a   G. E. Resonance Transformer   were   used. The· mushrooms

were irradiated in a single layer with either the stems facing the

electron beam (stems up) or the caps facing it (stems down).  Egg

filler flats were employed for positioning the mushrooms properly.

\
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Measurements.  The Degree of Opening (D.0.) is a fractional

measure (to the nearest tenth) of the separation ofthe veil from

the stem measured along the veil circumference.  We.used a

transparent disc with a hole cut in the center to.fit.over the stem;

the disc was marked every 36'. .A completely closed mushroom

has a D.0. of 0.  When the veil is completely separated from the

stem, the D.0. is 1. The. ease of measurement and the non-destruc-

tive feature are the principal advantages of the index D.0.

But the variability is large (coefficient of variation of 50% at

a D.0, of 0.8) and the correlation with other changes (e.g., in-

crease in cap diameter) is low; moreover, there is no change in

D.0. in either the early or late stages of storage life.  D.0.                           i

gives an indication of present quality, but is a poor predictor of

remaining storage life.

The Opening Ratio, O.R., is defined by O.R. = (b+c)/[a-(b+c)],
where (b + c) is the total opening gap, measured on a diameter

from gill tip to gill tip, less the stem diameter.  That is, b

is the distance between the one gill tip and the stem and c is the

distance between the opposite gill tip and the stem.  The a value

is the cap diameter (maximum projected diameter) so that a-(b + c)

is an "effective" diameter, or the cap diameter adjusted for the

separation between the gill tips and the stem.

The Opening Ratio is the ratio of the total opening gap,

(b  +  c)   ,   to the "effective" closed cap diameter,  a  -   (b  +  c) .

Measurements were made with a dial caliper.  The O.R. is a de-

structive measurement since the mushroom must be cut in half to

make the measurement (b + c).  The consequent disadvantage is

12



that one cannot follow -0.R. for individual mushrooms. One ad-

vantage of O.R. is that it combines the quality features of

expanding cap and shrinking stem in a single index.  Stem dia-

meter was measured along the line defined by the gill tips.

Mushroom height was measured from the top of the cap to the

bottom of the stem wherever the picker happened to cut it.          -

Shear resistance was measured with an Allo-Kramer shear

press-250-lb ring, range 50, low setting.  Reflectance was

measured with a Gardner Color Difference Meter.  Respiration

was measured automatically in the open system device located

in the Department of Horticulture.

Results

Opening ratio and degree of opening.  Tables 5, 6, and 7

illustrate the general effects of radiation on O.R. and D.0.

(The same mushrooms are referred to in Tables 1 and 2.)  Radia-

tion suppresses growth as measured by both characteristics, but
F1.

the differential effect is very small over a wide dose range.

For example, in one test, the O.R.'s after 7 days' storage at

10'C for doses of 0, 10, 20, 50, and 100 Krad, were 1.30, 0.50,

0.50, 0.55, and 8.55 respectively.  The D.0. appears to be dif-

ferent among doses within this same range (Table 7).  Not evident

in a single test is the wide variation from test to test due

presumabl,  to such variables  as the particular "break" harvested,

maturity at harvest, and moisture loss during storage.
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For example, after 7 days' storage (8 days for the, last figure

given) at 10'C, the D.0.'s for mushrooms treated with.50 Krad

were 0.3, 0.6,  0.4, 0.6,' and.0.3. These are,averages of 15 or

20 mushrooms.

The rate of change of the.opening ratio (O.R./day) is nearly

linear up to an O.R. of about 1. .The.logarithm of.the rate is

approximately linear in the temperature range 3 to 15'C and

has a value at 10'C of·about 0.1 for unirradiated mushrooms and

0.02 for irradiated mushrooms.  The Q is about 6. These values
10

are best estimates derived from the composite results of all

experiments.

TABLE 5.  Opening Ratio, O.R., of irradiated mushrooms stored

at various temperatures.  Each entry is the average of 15 mush-

rooms; the initial O.R. was 0.35.

Storage
Temp., Dose, Krad

IC       Days         0 50 100 200

5         21 1.00 0.55 0.60 0.50

10         15 1.95 0.60 0.40 0.40

15          4 1.20 0.55 0.50 0.50

14



TABLE 6.  Degree of Opening, D.0., of irradiated mushrooms stored

at various temperatures.  Each entry is the average of 15 mush-

rooms; the initial D.0. was 0.

Storage

Temp., Dose. Krad

IC         Days           0        50 100 200

5          21 0.6 0.2 0,2 0.1

10          11 0.8 0.3 0.1 0.0

15           3 0.9 0.3 0.1 0.1

TABLE 7.  Degree of Opening, D. 0.,of irradiated mushrooms during
storage at 10'C, average of the same caps at each dose.  Initial
D.0. was 0.

Dose, Krad

Time days             0        10         20       50       
100

2 0.0 0.0 0.0 0.0 0.0

+4 1.0 0.3 0.5 0.2 0.0

7 1.0 0.8 0.7 0.4 0.0

11 1.0 0.8 0.8 0.4 0.0

\
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TABLE 8.  Physical changes, %,in irradiated mushrooms after 7 and 11 days storage at 18'C,
original (at zero dayd) and final measurements made on the same mushrooms.

Property Original 1Days Dose. Krad
measured valuel Storage          0      10     20      50        100

Cap dia. 1.37 in.        7 16.4 5.7 7.4 5.3 3.5
il 25.2 7.1 7.8 4.7 2.5

Height 1.29 in.        7 31.8 39.6 47.4 34.0 9.7

11 35.5 41.7 49.4 35.5 19.7

Stem dia. 0.64 in.        7 -27.2 -21.1 -16.6 -15.0 -16.2
11 -31.2 -26.7 -22.6 -20.6 -21.3

Weight 12.20 g.         7 -11.3 -15.8 -14.9 -12.0 -13.0
11 -14.9 -19.7 -17.1 -14.6 -15.4

D.0. 0.0             7 1.0 0.8 0.7 0.4 0.0
11 1.0 0.8 0.8 0.4 0.0

4
1
Average of all samples.
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Other dimensions.  The dimensions critical for quality are unequally

influenced by radiation.  The percentages of change after 7 and 11
0

days of storage at 10 C are shown in Table 8.  Measurements were

made periodically on the same mushrooms up to 11 days after treat-

ment  and the following conclusions are based  on  ·the data  at 11 days.
Cap diameter was most easily affected by radiation.  The cap dia-

meter of unirradiated mushrooms increased linearly up to 11 days.
Radiation reduced the rate appreciably, but not significantly

among doses. Mushroom height increased 3linearly  for all treatments  up
to 6-7 days after irradiation and then remained nearly constant.

The  rates of height e increase for mushrooms treated  at   0  and   50  Krad

were about the same; however, the rate was significantly increased

by 10 and 20 Krad and significantly reduced by 100 Krad.  Stem

diameter decreased linearly for all treatments up to 11 days;

rates of change of stem diameter for mushrooms treated at 0 and 10

Krad were nearly equal and were significantly reduced at 20 Krad

and above.  There is some evidence that the higher weight loss at

10 Krad is real, but there is inhomogeneity of variances among

doses.  The higher average weight loss at 20 Krad is almost all

due to one mushroom which lost 33% of its original weight.

Delay.  A delay between harvest and irradiation appears to cause

some loss in the advantages of radiation.  The rates of opening

shown in Table 9 are consistent with the conclusion that as treatment

'is   delayed, the retarding   ef f ect   is less pronounced. Nontheless,
opening ratio, rates are still appreciably reduced.  Even at 100

/

Krad, radiation failed to retard the increase in mushroom height,

and if anything the rate was enhanced at 50 Krad.  The percentages
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of the increase in heights after one week at 10'C for mushrooms

irradiated just after harvest (0.3 days) were 22, 39, and 31%,

whereas in a previous test (Table 8) the corresponding percent-

ages (0, 50 and 100 Krad, respectively) were 32, 34, and 9.7.

Respiration.  Despite the radiation treatment, which exerted a

dampening effect on respiration rate characterized by a gradual

decline in rate throughout the 4-day storage period investigated,

temperature governed the basic rate, which has a Q of 4 in the
10

early part of the storage period.  As the values in Table 10

indicate, radiation effects were only evident at 10 and 15'C

and only as storage time increased.  An analysis of variance of

cumulative rates (See Table 11) indicated differences (P = 0.05)

only at 15'C and only between control and all irradiated samples.

Oxygen consumption exhibited the same general characteristics.

The observed respiratory quotient, CO2:02' was 0.86, and there

was no difference among treatments or temperatures.

Texture and color. Irradiation at 500 and 1000 Krad reduced the

shear resistance by 10 and 15%, respectively, compared to mush-

rooms given 0, 10, 50, and 100 Krad, for which, the readings on

75-g portions were about 50*a.  Readings were taken after over-

night storage at 10'C.  After a week at 10'C, shear reading had

decreased an additional 5% for mushrooms given 500 Krad, but the other

samples retained their original firmness.  The 1000-Krad samples were

not stored.
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TABLE 9. Opening ratio rate,l   O.R. /day, as influenced by delay
between harvest and irradiation.  Examined 7.3 days after harvest,
stored at 100C.

Delay, days

Dose, Krad 0.3 1.3 3.3

0 0.25 0.28 0.31

80 0.045 0.065 ·0.086

100 0.038 0.052 0.11

Status at the O.R. 0.38 0.43 0.65

time of D.0. 0.0 0.0 0.4

irradiation.

1
All rates calculated between time of irradiation and 7.3 days after
harvest.

TABLE 10.  Respiration rates, g CO2/g-hr, of irradiated mushrooms
stored at various temperatures.

Days after
irradiation

Dose,
Temp., oC Krad 1.5 5.0

5                     0                65               70
1

10-100              70               70
10                     0 110 130

1
10-100 120               95

15                     0 260 200
1

10-100 240 130

1Average of triplicate samples at each of 10, 20, 50 and 100 Krad,

no significant difference among doses.

1
TAPER 11.  Cumulative respiration,  mg CO /g tissue, of irradiated
mushrooms stored at various temperatures  or 96 hr.

Dose, Krad

Temp.. oC 0 10 20     50     100

5                              5.8   5.9    6.1    5.6    5.6
10                             12    11     10     11     10
15                             22    18     17     16     17

1Each entry the average of triplicate samples.
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A set of reflectance readings taken on individual caps failed

to reveal any large differences in L  among doses (0-50 Krad in

one test, 0-100 Krad in another), although the decrease in L

as a function of time was readily measured.  In another test,

nine caps irradiated at each of three doses (0, 50, and 100 Krad)

were arranged (after 8 days' storage at 10'C) cap-up in egg carton

filler-flats, and an untrained panel was directed to rank the 3

samples in order of decreasing darkness.  From 22 judgments,

duplicate sets of samples, 11 judges, the rank sums in order of

increasing  dose  were  22,45,   and 65. These sums indicate  a  real  dif-

ference in the extent of darkening among samples treated at different

doses.  This result confirms our visual impression that in every

test the irradiated samples darkened less rapidly than controls.

20



Taste.  Several taste sessions were held in which mushrooms irrad-

iated at 0, 12.5, 25, 50 and 100 Krad were tasted by a total of

85 judges one, two and seven days after irradiation.  The mushrooms

were sauteed in butter before serving.  No statistically signifi-

cant differences in taste were detected between the five groups

of mushrooms.

Bruising.  White mushrooms were intentionally bruised by free fall

or by shaking, either before or after irradiation with 0, 25 and

100 Krad and visually compared by a total of 37 judges for brown

discoloration. Irradiation was found to reduce the bruise-induced

browning during storage at 10'C.  No clear differences were

apparent in browning between the doses of 25 and 100 Krad or be-

tween bruising before and bruising after irradiation.

Phenoloxidase activity.  Since the browning of fresh mushrooms is

related to the enzyme phenoloxidase an attempt was made to assess

the effect of irradiation on this enzyme.  Acetone powders were

prepared from mushrooms exposed to 0, 10, 50, 100 and 1000 Krad
 of

gamma radiation; the powders were extracted with buffer and the ex-

.tracts were tested for pheno loxidase activity using catechol  as   a

substrate. There was no appreciable difference in activity be-

tween the 0, 10 and 100 krad groups.  The activity of the 50 Krad

group was greater than that of the other groups, but it was

thought that this increase may be due to improved extraction at

that dose-level.  There was a 50% decrease in activity when the

mushrooms were exposed to 1000 Krad.
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Storage in 5% CO,: Certain p.·rishable commodities are better preserved

in atmospheres containing CO2 in higher than common concentrations.

In this experiment irradiated (50 krad) and control (0 Krad) mushrooms

were stored at 11'C in common air and in air containing 5% CO2.  The

results indicated a decrease in cap opening as a result of the ir-

radiation, but no such decrease as a result of elevated CO2 content

in the air was observed.

Storage at 0.5'C.  A separate experiment was conducted to establish

the effect of near-freezing post-irradiation storage on the cap

opening of mushrooms.  The temperatures of 0.5'C and 5'C were sel-

ected in combination with 0, 25, 50 and 100 Krad of gamma irradiation.

The results are summarized in Table 12.

TABLE 12.  Opening ratio (O.R.) and degree of opening (D.0.) of mush-

rooms exposed to 4 different doses of gamma irradiation and then

stored at two different temperatures.

0
Storage temp.,  C

0 0
0.5                                        5

Storage days Storage days

Dose
Krad             7               14                     21                     5                 10                   15                 20

O.R. D.0. O.R. D. 0.   O.R. D.0.   O.R. D.0. O.R. D.0. O.R. D.0. O.R. D.0.

0    .4   .0   .5 .0 ./ .0
.7      '  .3 1.1    '1.0 1.9      1.0 2.9 1.025    .4   .0   .5 .0 .5 .0 .5   .1   .5   .1   .7 i .4   .6   .4

50    .4   .0   .6 .0 .5 .0 .5   .0   .7   .4   .5 | .2   .5   .2
100    .4   .0   .5 .0 .5 .0 .4   .0   .5   .1   .6   .2   .6   .2

1                                1                                                                    1

)
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The mushrooms stored at 0.5'C remained tightly closed for 3 weeks,

whether they were irradiatld or not.  On the 2lst day, some mold

was  visible  on the control samples, very' little  mold  on  the  25

Krad samples and no mold on those exposed to 50 and 100 Krad.

' The mushrooms stored at 5'C responded as previously reported:

irradiation at all doses tried depressed the opening rate of the

caps.  Choesing arbitrarily the value 0.1. = 0.8 as an index of

the end of the shelf life of the mushrooms, the non-irradiated

samples lasted 6 or 7 days when stored at 5'C, while the ir-

radiated samples were.still good after 20 days of storage.

Pennsvlvania-grown mushrooms.. Twenty pounds  o f white mushrooms

grown in Pennsylvania were flown to. Michigan State University and

exposed to 0, 12.5, 25, 50, 100 and 200 Krad of gamma. radiation on

the day of harvest.  They were then stored at 2'C for 4 days and 8'C

for 11 more days.  Periodic measurements during storage indicated

that the Pennsylvania-grown mushrooms responded to irradiation

exactly as those grown in Michigan: the cap opening, as measured

by both the opening ratio and degree of opening, was greatly

retarded, the color remained lighter and the weight loss was pract-

ically the same in the irradiated and control mushrooms.

Electron irradiation.  The results of a comparison between electron

and gamma irradiations regarding their effect on the shelf life of

mushrooms are summarized on Table 13.
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Table 13.  Opening ratio (O.R.) and degree of opening (D.0.) of

mushrooms irradiated with 1-Mev electrons or gamma rays after

4 days of storage at 10'C.

Dose,
Krad Gamma Electrons/Stem down Electrons/Stem up

"

O.R. D.0. O.R. D.0. O.R.  D.0.

0 *80 .84 .80 .84 .80 .84
12.5 .43 .25 .63 .84 .57 .69
25 .41 .29 .74 .97 .57 .74
50 .35 .11 .64 .73 .64 .66

100 .42 .14    ' .64 .64 .43 .28
200 .38 .09 .66 .68 .42 .36

Obviously gamma radiation is more effective in inhibiting cap opening

than electron irradiation.  This is most likely due to the greater

penetration of gamma rays.  It is also apparent that when the

electron beam was directed to the underside rather than to the

top of the cap the inhibition was more pronounced.  This again may

be explained as a penetration effect, since the electrons entering

from the top of the cap may not reach the area on the underside

where the opening occurs.

A similar comparison between the two types of radiation regarding

the weight loss of irradiated mushrooms did not reveal any definite

d if f erences.

DOSIMETRY

Extensive dosimetry in the center well and the surrounding space
r

of the Food Science Gamma Facility of this University was carried

out by means of the Fricke and the Ferrous-Cuprice methods.  Perfor-

mance tests of the Perspex-HX dosimeters were also conducted in this                  I

Facility.  The dosimetry data are numerous and difficult to summarize;

they are described in detail in Annual Report COO-1592-36.
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