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POSTHARVEST QUALITY CHANGES OF MUSHROOMS (Agaricus bisporus):
COMPARISON OF INTACT AND SLICED MUSHROOMS

MANTARLARDA (Agaricus bisporus) HASAT SONRASI KALITE
DEGISIMLERI: BUTUN VE DILIMLENMi§ MANTARLARIN
KARSILASTIRILMASI

i Do¢.Dr.Nilgiin HALLORAN
Ankara Universitesi Ziraat Fakiiltesi Bahce Bitkileri Bolimii, ANKARA

OZET: Aragtirma, 0°, 5° ve 10°C'lerde 2 hafta muhafaza ediler biitiin ve dilimlenmig mantarlarda muhafaza siiresince
olugan kalite defigimlerini ve raf Smriinii kargilastirmak amact ile gergeklegtirilmigtir.

Pazarlama swrasinda ortaya gikabilen 10°C sicakliklar gerek biitiin gerek dilimlenmis @farak pazarlanacak
mantarlarin raf Smariinii kisaltmaktadir. Renk ve sertlik dejigimi ile gapka agilmas: olarak belirlenen kalite degigimleri yitksek
sicakhiklarda hizianmaktadir. Denemede dilimlenmig mantarlann; solunum giddeti, kararma ve yumugama dikkate alindifinda
biltiin mantarlara oranla daha duyarh olduklar saptanmugtir. Bu nedenle dzellikle dilimtenmis mantatlartn 5° ve 10°C yerine
0°C'de muhafaza edilmesi gerekmektedir. Buna kargin biitiin olarak pazarlanacak mantarlarda sicaklik dereceleri arasindaki
kalite farki oldukga disiik diizeylerde kalnugtr,

SUMMARY: The aim of present research was to compare the shelf-life and quality changes of intact and sliced mushrooms
held at 0°, 5°, and 10°C for up to two weeks.

Storage of intact and sliced mushrooms at 10°C is unacceptable 1o maintain shelf-life, but represents conditions
which may occur during marketing. Deterioration of the mushrooms, as measured by color changes, firmness and cap
opening were rapid at higher temperatures. Sliced mushrooms were substantially more perishable than intact mushrooms,
these differences being reflected in higher respiration rates, more rapid browning of the surface and more rapid decreases
in firmness over the storage period. There were definite advantages to storing the sliced mushrooms at 0°C rather than
5°C to maintain shelf-lifc and quality, whereas for the intact mushrooms, quality differences were small between these
StOI’BgC tempcratures.

INTRODUCTION

The common cultivated mushroom loses its guality rapidly during postharvest handling (MURR
and MORRIS 1975, BELMAN 1988). After harvest mushrooms continue their course of development
leading to maturation and scnescence of the sporophore (GOODENQUGH et al. 1977, HAMMOND
1979). Important quality changes include discoloration, stem elongation, cap opening and loss of firmness
{(McCANNA and GORMLEY 1968). These quality changes may be greater during the handling of sliced
mushrooms and therefore make temperature management even more critical.

The objective of the present research was to compare the shelf-life and quality changes of intact
and sliced mushrooms held at 0°, 5°, and 10°C for up to two weeks.

MATERIALS AND METHODS

For this experiment, mushroom sporophores (A. bisporus) were obtained from Petaluma
Mushroom Farm in USAL Mushrooms at the "button" stage were matched according to cap characteristics,
using those of a 30-35 mm diameter with the velum differentiated but unbroken. Slicedmushrooms were
prepared from intact mushrooms cooled and sliced at 0°C on a commercial tomato slicer (slices 3/8 inch)
which had been previously cleaned with ethanol.

Samples weighing approximately 200 g for iniact mushrooms and 100 g for sliced mushrooms were
placed in glass jars and connected to a flow-board through which a humidified (90-95 %:RH) air strecam
passed. Flow rates were sufficient to maintain CO, below 0.5 % and permit its measurement by analysis
of 1 ml gaseous samples on an Infra-Red Gas Analyzer. At intervals of 3 days, the mushrooms were
assessed for quality changes, and samples were also evaluated after transfer to 15°C for 24 hours to
simulate market handling,

Quality was assessed as changes in color, firmness and cap opening. The whiteness of the intact
mushrooms was measured objectively as L. value by a Minolta Color Meter. Color of the cap for the intact
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and of the pileous for the sliced mushrooms was also estimated by a hedonic scale of 9 to 1, where: 9:
initial whiteness, 7: creamy-white, 5: light brown and limit of commercial acceptability 3: brown and 1: dark
brown.

Firmness was determined in two ways: measurement of the deformation in mm when the
mushroom was held under a 500 g weight for 15 seconds and by measurement of the force (in kg) nceded
to shear the mushroom cap by a knife-like probe 6 mm long with a 1 mm wide blade after removal of the
cap skin. Shear force and color of the sliced mushrooms were measured at the midpoint of the sliced cap
area.

Changes in the devclopmental stage were determined as "cap opening” using a hedonic scale of
0 to 6, where; 0: veil attached to stipe, 1: veil starting to separete, 2: half of the veil separated, 3: veil almost
completely scparated, 4: veil completely separated, 5: cap completely open and gills visible, and 6: cap is
flat in shape. '

All results are based on observations from 3 replications, each consisting of 10 mushrooms or
slices. Respiration rate of mushrooms which were placed in glass jars and connected to a flow-board system
were measured with an Infra-Red Gas Analyzer.

RESULTS

Respiration rates of intact and sliced mushreoms

Figure 1 summarize the respiratory patterns of the intact and sliced mushrooms over a two week
period at 0°C. According to statistical assay (ANOVA) there were significant differences in respiration rate
between mushrooms stored at 0°, 5°, and 10°C. Some significant effect was also obtained for the sliced
mushrooms. In this experiment Q,, value was calculated as 6.27,

Respiration rates for intact mushrooms alter 3 days at 10°C were about 2.5 and 5 times those at
5% and (°C, respectively. For the intact mushrooms, respiration tended to increase with time at 0°C,
remained almost constant at 5°C and showed a rapid increase followed by a decline at 10°C. In all cases,
sliced mushrooms had noticeably higher respiration rates than intact mushrooms. The respiratory patterns
for the sliced mushrooms at 0° and 10°C was similar to those of the respective intact mushrooms. At
5°C however respiration of the sliced mushrooms tended to increase with time.

Color changes:

Table 1 shows hedonic color changes of the mushrooms at 3 days intervals and after the additional
1 day transfer period. Color of the intact mushrooms deteriorated rapidly at 10°C. The whiteness of the
cap before and after transfer was slightly better when held at 0°C. The whiteness of the 12 and 15 day
observations, color was lightly better for the 5°C samples. For the sliced mushrooms, color of the pileus
was maintained best when they were held at 0°C. In this case, the differences in brown color development
between 0° and 5°C was dramatic. In all cases, color quality depended on the temperature of storage and
transfer to 15°C for 1 day resulted in a further reduction of that quality. .

The L values for stored intact and sliced mushrooms are shown in Table 2 and 3.

L value of stored intact mushrooms was as 90.44 at the beginning of storage period. This value
decreased to 77.25 after 2 weeks of storage and same mushrooms showed a value of 75.54 after transfer
to 15°C for 24 hours. For the mushrooms stored at 5°C, L value was 79.82 at the end of 2 weeks of storage
and it was found as 76.36 after transfer to 15°C. Statistical assay showed a significant differences of L values
in between temperature.

The color deterioration were more rapid in the sliced mushrooms, and final L values were
substantially lower than for corresponding intact mushrooms, although initial values were the same. L values
also decreased more after transfer. L values was measured as 74.69 and 69.25 at the end of 2 weeks storage
at 0°C and after transfer to 15°C respectively. These values were 65.01 and 58.01 at 5°C. L value of shiced
mushrooms stored at 10°C decreased to 76.14 within one week and to 64.86 which indicates the lose of
market value after transfer to 15°C for 24 hours,
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Figure 1. Respiration rates of intact and sliced mushrooms stored at §°, 5°, and

16°C.

Table 1. Hedonic color changes of the cap of intact and sliced mushrooms stored at 0°, 5% and 10°C

Firmpess changes

Changes in deformation
and shear force are shown in Table
4. Deformation values for the intact
mushrooms increased most at 10°C
and showed a further large increase
after transfer to 15°C for 24 hours.
There were a significant differences
between 10°C and the others but
not significant differences between
0° and 5°C until the 6™ day of
storage. After 6™ day, significant
differences obtained between these
temperatures. Similar trends with
time and temperature were also
observed with shear force
measurements. For the intact
mushrooms, there were significant
differences between temperatures
during storage period, but for the
sliced mushrooms significant
differences were obtained at the
first week of storage between 10°C
and the others. After 6™ day, the
differences were significant between
0° and 5°C.

Cap Opening

After transter (o Sliced Mushrooms o 15°Cfor2: b
15°Ctor 4
10°¢ c s°c 1°c Days °c e [ligel e °c | wPc
9 9 9 9 o ) 9 ] ] 9 9 —li
7 7 & 6 3 9 8 6 B [ 6
6 ? 7 5 6 8 7 5 8 4 4
6 7 ° 7 3 7 t
s s 12 7 1 6 1 - "
5 6 - 15 7 1 6 1 - "

Developmental changes occuring in the intact mushrooms can be etsimated by observing the
opening of the cap. From Table 5, it is readily apparent that cap opening occurred most rapidly at 10°C
and it was significantly different than 0° and 5°C. After transfer to 15°C, opening scores increased in
different rates due to the temperatures from which mushrooms were transferred.
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Table 2. Changes in L value of intact mushrooms
Cold Storage After  transfer to 15°C for 24
Days °C 5°c 19°C °C c 10°C
[ 904 a 9044 a 90.44 a 9044 a 90.44 a 90.44 a
3 8454a 8558 b 8260 ¢ 877a 83931 a 78954
6 8278a 8LI0L 7891 ¢ 8212a 53 cd 753le
° 81522 79150 - 7845 b 7885 b -
12 T754a 7682 a - TRE b 7693 2 -
15 77254 982b - 7554 ¢ 7636 ac -
Table 3, Changes in L value of sliced mushrooms -
N
Cold Storage After  transfer to 15°C for 24 b
Days °C s°c 10°C 0°c s°C 10°C
0 9044 a 9044 3 9044 a 9044 a 90.44 a $6.44 a
3 8293 a 82254 0250 8059 b 8036 b 7049 ¢
6 452 71530 76.14 ¢ 7891 a 76.87 be 6486 ¢
9 78192 65360 - 7487 ¢ 5921d -
12 77882 6527b - 7602 ¢ 50.12d
15 T4 a 6501 b . 69.25 ¢ 5805 de
Table 4. Changes in shear force and deformation of mushrooms
Shear Force {kg) INTACT
Cold Storage After transfer 10 15°C for 24 h
Days c Fc 16°C e £ 10°C
0 127a " 127a 1.27a 127a 1.27a 127a
3 1192 09 b 0.80 o 098b 050 be 071d
6 113a 09 b 065¢ 095b 050 b 039 d
9 1002 093b - 08T c 0.89 be .
12 097a 087b - 0nle 053d
15 081a 080 a - 0.9 a 056 b -
Shear Forcue {kg) SLICED
Cold Storage After transfer 10 15°C for 24 h
Days o°c °c 1oc ©°c °c 107
¢ 1.07a 107 a 107 2 107a 1072 1072
3 L4 a 098 ab 0948 091 b 080b 064 ¢
6 095a 0.85 ac 0.52bd 080 c 08l e 045d
9 091 a 055b - 0T e 0454
12 090 a 056 b - 064 ¢ 0444
15 068 a 043 b - 037b 036b -
Deformation {mm) INTACT
Coild Storage Alter transier 1o 15°C for 24 h
Days ©c c 10°C 0°c 5°c we
0 103 a 1032 103 a 103 a 1.03 a 1032
3 135a 133 ad 174b 160 ¢ 134 ad 163 ¢
6 [55a 1.64 ad 143D 193¢ 183 cd 3We
9 1S6a 174b 195 ¢ 195¢ .
12 169 a 180 - 219 ¢ 221 ¢ -
15 216a 1926 - 243 ¢ 183
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DISCUSSION

Storage of intact and sliced mushrooms at 10°C is unacceptable to maintain shelf-life, but
represents conditions which may occur during marketing, Deterioration of the mushrooms, as measured
by color changes, firmness changes and cap opening were rapid at higher temperatures (NICHOLS 1988,
TUNCEL and AGAOGLU 1992). As expected, sliced mushrooms were substantially more perishable than
intact mushrooms, these differences being reflected in higher respiration rates, more rapid browning of the
surface and more rapid decreases in firmness over the storage period. There were definite advantages to
storing the sliced mushrooms at 0°C rather than 5°C to maintain self-life and quality, whereas for the intact
mushrooms, quality differences were small between these storage temperatures.

Table 5. Changes in the cap opening score of intact mushrooms stored at 0° 5° and 10°C.

+ Cold Storage After transfer o 159C for 24 h
Days °c °c 1°c o©°c °c 10°¢

L] 00 0.0 0.0 0.0 0.0 0.0

3 0.0 Q. 0.7 0.2 03 2.7

[ 0.0 0.1 1.8 0.2 04 4.2

9 0.2 0.2 - 0.2 05 -

12 0.2 05 - 0.2 0.8

15 03 G 03 16

Mushroom is classified among the products having high respiration rate (NICHOLS 1985).
Respiration rate depends on the stage of maturity and environmental conditions (CHO et al. 1982,
AGAOGLU and TUNCEL 1992). HOU and WU (1972) indicated that respiration rate increases as related
to maturity. In this experiment, respiration rate showed an increase and following decreases during storage
as MURR and MORRIS (1975) indicated previously. It is thought that the reason of increased respiration
rate is due to the growth in gill tissues. On the other hand the reason for declined respiration rate is to use
the carbohydrates as storage substances.
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