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CANNING TESTS ON MUSHROOM STRAINS 

T. R. Gormley and C. MacCanna 
An Foras Taluntais, Kinsealy Research Centre, Malahide Road, Dublin S 

ABSTRACT 
Canning tests were carried out on 5 mushroom strains from 2 flushes of 4 separate -crops. Particular 
attention was given to the ratio of whole closed canned mushrooms to that of whole closed canned 
mushrooms plus canned stems and pieces - i.e. total yield. Factors considered in the tests included 
grading prior to processing. blanching and retort losses, shrinkage in size and mushroom whiteness. 

Cream and off-white strains had the highest level of open and misshapen mushrooms prior to 
processing and a brown strain the lowest. Blanching losses, which -com_prised shrinkage and mushrooms 
that opened during blanching, ranged from 37.So/o for the cream strain to 22.70fo for the brown strain. 
Values for shrinkage during blanching were similar for the 5 strains with a mean of 19.20fo loss in weight. 
Shrinkage during retorting ranged from 15.00fo for the off-white-2 strain to 11.40/o for the cream strain. 
St{ains which showed a relatively low level of shrinkage during blanching had a relatively high shrinkage 
dunng retorting and combined shrinkage values for blanching and retorting were similar, ranging from 
31.5 to 34.00/o. 

The brown strain gave the highest yield of whole closed canned mushrooms at 54.80/o and the cream 
strain the lowest at 45.00/o. Corresponding yields of canned stems and pieces were 16.0 and 24.S"lo 
respectively. Total yield values for all strains were similar, ranging from 69.70/o to 10:soro. 

Most shrinkage in mushroom size took place during blanching. Colour of the canned mushrooms of 
the 5 strains was considered acceptable by a 'Sensory panel. 

• INTRODUCTION 
j 

Maximising yield of canned mushrooms from fresh mushrooms is an essential for 
the mushroom processing industry. Losses are due mainly to loss of solids and water 
during canning (shrinkage)(!) in addition-to reject losses priorto canning (2). Reject 
losses are generally due to severe pest or -disease blemishes. Attempts have been 
made to .. reduce shrinkage losses using soaking, storage (3~5), vacuum (6), and 
blanching techniques (7) prior to canning. Furthermore, profitability is affected by 
the ratio of whole closed canned mushrooms to the lower grade canned sterns and 
pieces (comprised of stern trimmings, open and misshapen mushrooms) . 

• This paper reports results of canning tests on five strains of cultivated mushroom 
(Agaricus bisporus); one white, two off-white, one ·cream, and one brown strain. 
Total yield values were computed from the losses occurring at the different stages, 
i.e., shrinkage during blanching and retorting. The tests were ·caffied out on two 
flushes from each of four crops giving a total of .eight lots. 
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EXPERIMENTAL 

Five mushroom strains designated White, Off-White 1, Off-White 2, Cream and 
Brown were tested in these experiments. The samples were obtained from flushes I 
and 4, 2 and 5, 1 and 5, and 1 and 5 of four separate crops grown in plastic bags at 
Kinsealy Research Centre under normal commercial conditions (8). After harvesting, 
mushrooms were stored overnight at 2°C before testing. For statistical analyses data 
for the two flushes of each crop were averaged and the results were analysed as 5 
strains x 4 crops (replicates). Special attention was given to the yield of whole 
canned mushrooms. The word 'whole' as used here refers to whole closed 
mushrooms.· If mushrooms are open they are canned as slices in stems and pieces 
packs. 

Grading tests (grade-outs) 
The mushrooms received for these experiments were free from pest and disease 
damage and consequently the level of rejects was insignificant. The term 'grade 
outs' is used to describe open and misshapen mushrooms which were removed 
during grading prior to processing and were only suitable for canning in stems and 
pieces packs and not as whole mushrooms. Stem trimmings are included in the 
grade-outs category. A 3 kg sample of each strain (mushroom cap diameter 1.5 - 3 
cm) was tested and the stems were trimmed to a 5 mm length. The weight of open 
and misshapen mushrooms was recorded. 

Blanching loss 
Blanching losses are comprised of losses due to shrinkage, mushrooms which 
opened during blanching, and those with other defects. The two latter types can be 
canned in stems and pieces packs and therefore only represent a loss of canned 
whole mushrooms. 

Mushrooms of each strain were washed and then blanched in 1.1 kg lots for 3 min 
at 100°C in water containing 1.5% citric acid. They were cooled for 2 min in cold 
water, drained for 2 min on a stainless steel mesh and weighed to assess shrinkage. 
Mushrooms which opened during blanching were removed and were weighed as 
were those with other defects. Mushrooms were also tested for shrinkage in size and 
the cap diameter of mushrooms from sub-samples was measured before and after 
blanching and also after retorting. 

Retort loss, mushroom colour 
Aner blanching, 275 g lots of mushrooms were filled into plain cans (300 x 408% ), 
topped up with 1.5% brine at 90°C and processed for 0.5 hr at 121°C. There were 24 
·cans for each strain (3 cans x 2 flushes x 4 crops). They were then stored for at 
least 6 weeks before testing. Drained weight was assessed after draining for 2 min on 
a stainless steel mesh followed by weighing. Shrinkage during ·retorting was then · 
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calculated as the mean for 24 cans. The whiteness of 10 mushrooms from each can 
was tested with a Hunter Colour Difference meter using a 2.5 cm aperture and 
Hunter L values {whiteness) were averaged over the 24 cans. 

Canned stems and pieces 
These refer to grade outs, stem trimmings and mushrooms which opened or were 
damaged during blanching. 

Preliminary tests indicated there was little difference in shrinkage between whole 
closed mushrooms and stems and pieces (either at blanching or retorting stages). On 
the basis of this, the stems and pieces in these experiments were not canned (time 
restriction because of canning of whole mushrooms) but a figure for shrinkage 
during blanching and retorting was ,calculated based on the shrinkage data for the 
whole closed mushrooms of each strain. It is felt that this procedure gives a 
reasonably accurate figure for the canned yield of the stems and pieces. 

RESULTS AND DISCUSSION 

Particular attention is given in this experiment to the yield of whole closed canned 
mushrooms rather than to total yield, i.e., canned whole closed mushrooms plus 
canned stems and pieces. All to frequently this distinction is not made and it is 
impossible to see what proportion of the canned yield is made up of the higher 
priced canned whole closed mushrooms. 

It can be seen (Tables 1-4) that values for the different strains for most of the 
factors studied were not significantly different even though the actual values were 

·quite different in a number of cases. This was caused by high values for within
treatment variance (see Appendix). This in itself is an important result as it suggests 
that similar effects would probably face the large-scale processor who at any one 
time is canning mushrooms from many crops and growing sources. The statistical 
F-test is based on fairly similar values for within-treatment variance and hence does 
not apply here rigorously in most cases. However, despite the lack of statistically 
significant differences important trends can be seen from the results. 

Grading <ests (grade-outs) 
The level of grade-outs prior to processing for the different strains was similar 
(Table I) with the exoeption of the Brown strain which had a lower amount. 

The Cream and the Off-White-I strains had a higher proportion of open and 
misshapen mushrooms respectively than .the other strains, resulting in higher values 
for grade-outs (Table !). When data from individual flushes were examined a figure 
of 68% by weight of open mushrooms was found for the Cream strain in crop 3 -
flush I. This figure is exceptionally high but serves -to indicate that under certain 
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TABLE 1: Grading tests (grade-outs) on mushrooms 

Strain 
Stems ("lo) Open ("lo) Misshapen ("lo) Total ("lo) 

(x) (y) (z) (x + y + z) 

White 8.6 7.5 4.4 20.4 

Off-White ! 6.2 3.6 13.7 23.6 

Off-White 2 5.3 6.6 11.0 22.8 

Cream 6.1 14.4 2.6 23.1 

Brown 5.3 5.5 6.7 17.5 

F-test p<0.05 NS p<0.01 NS 
SE 0.71 4.46 1.74 4.44 

conditions of husbandry a high degree of opening can take place and stresses the 
extreme importance that must be given to crop maturity when growing for canning. 
In contrast, crop 1 - flush 1 mushrooms from all the strains were closed, with the 
exception of the White strain which had 2% by weight of open mushrooms. 

Most of the misshapen mushrooms were those with hollow stems which made 
cutting difficult. This defect was found to a degree for most strains but tended to be 
worse for the off-white strains with a value of 24% by weight for the Off-White-I 
strain in crop 2 - flush 5. The Cream and White strains had a low level of 
misshapen mushrooms (Table 1). 

The grand mean value for grade-outs was 21. 5 "lo which stresses the need for 
careful husbandry, handling, and storage procedures prior to processing. 
Mushrooms must be picked at the right stage of maturity and should be chilled, if 
they cannot be processed at once, to retard opening and to maintain whiteness (5, 9). 
While the stems, and open and misshapen mushrooms can be used in stems and 
pieces packs it is desirable that as much of the crop as possible should be canned as 
whole closed mushrooms. 

TABLE 2: Breakdown of blanching losses 

Strain 
Shrinkage ("lo) Open ("lo) Rejects ("lo) Total ("lo) 

(x) (y) (z) (x + y + z) 

White 19.2 ! l.5 0.3 30.9 

Off-White! 19.5 2.2 2.3 23.9 

Off-White 2 17.4 7.4 !.6 26.4 

Cr:eam 22.6 14.6 0.6 37.8 

Bro,vn ! 7.1 4.1 l.5 22.7 

F-test NS NS NS NS 
SE !.8! 4.80 0.70 5.!0 
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Blanching and retort losses 
Total blanching loss is given as the sum of shrinkage, the weight of mushrooms 
which opened during blanching, and those with other defects, and values varied 
from 37.8"7o for the Cream strain to 22.7"7o for the Brown strain (Table 2). The open 
and defective mushrooms were canned as stems and pieces but represented a loss as 
far as yield of whole closed canned mushrooms was concerned. 

The high value for the Cream strain is made up of a relatively high shrinkage loss 
(Table 2) coupled with a high degree of opening during blanching. This last result 
was to be expected as this strain showed a tendency for opening before blanching, as 
can be seen in the data on grade-outs. The White strain also showed some tendency 
towards opening during blanching (Table 2). Values for shrinkage during blanching 
were fairly similar for the different strains with the exception of the Cream strain 
(Table 2) which had a greater shrinkage. The grand mean value for shrinkage during 
blanching was 19.2"7o and was similar to that reported by McArdle and Curwen (I) 
for a 3 min blanch. The percentage of rejects after blanching was small (Table 2). 

Shrinkage during retorting varied from 15.0"lo for the Off-White-2 strain to 
l l .4"7o for the Cream strain (Table 3). As could be expected, strains which showed a 
low level of shrinkage during blanching (Table 2) generally had a higher level of 
shrinkage during retorting (Table 3) indicating the inevitability that a fairly constant 
level of shrinkage will occur during blanching and retorting. If the percentage 
figures for shrinkage during blanching (Table 2) and retorting (Table 3) are 
combined a maximum percentage shrinkage figure of 34.0"lo (Cream strain) and a 
minimum figure of 3 l .5"7o (White strain) is obtained. These combined blanching and 
retorting shrinkage values agree closely with the values of 30-32"7o reported by 
McArdle and Curwen (!). 

TABLE 3: Retort loss, canned mushroom colour 

Strain 
Retort loss ("lo) Whiteness 

(Shrinkage) (Hunter L) 

White 12.3 56.5 

Off-White I 13.6 58.3 

Off-White 2 15.0 58.3 

Cream 11.4 58.3 
Bro\vn 14.6 56.0 

F-test NS NS 
SE 0.97 0.83 

Canned yield 
The yield of whole canned mushrooms (Table 4) is based on the amount of 
mushrooms remaining after deduction of grnde-outs, blanching and retortinglrnises. 
The Brown strain gave the highest yield of whole canned mush:rooms (Table 4) and 
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TABLE 4: Total yield for canned mushrooms 

Canned whole Canned stems Total x 
Strain closed mush- + pieces yield x 100 

rooms (%)-xw (%)(b) (OJo)-y«I y 

White 48.7 21.8 70.5 69.1 

Off-White I 50.3 19.4 69.7 72.2 

Off-White 2 48.5 21.2 69.7 69.6 

Cream 45.0 24.8 69.8 64.5 

Brown 54.8 16.0 70.8 77.4 

F-test NS NS NS NS 
SE 5.30 5.00 1.34 7.21 

"computed from grade-outs, blanching and retort loss 
•computed from grade-outs and from mushrooms which were open or defective after blanching 
<sum of whole closed canned mushroom yield plus yield of canned stems and pieces 

the Cream strain the lowest. As would be expected, the position was reversed for 
canned stems and pieces. The total yield values for the ilifferent strains were very 
similar (Table 4) but the brown strain had the highest proportion (77.4%) of total 
yield in the whole closed canned mushroom form (Table 4). These yield values for 
canned whole closed mushrooms are lower than those reported by other workers (3). 
However, it is not clear whether canned stems and pieces were included in their yield 
figures. 

The proportion of mushrooms in the whole closed canned mushroom form is 
important economically and is influenced to a great degree by the amount of grade
outs which raises the proportion of mushrooms canned in the stems and pieces form. 
While excellent work has been carried out by a number of workers to reduce 
shrinkage by a combination of storage, soaking and vacuum techniques (3-6), 
reduction in the level of grade-outs may be the most important factor. It is 
recommended, therefore, that more attention should be given to maturity of 
mushrooms at time of picking and also to factors such as watering the mushrooms 
on the beds which could affect level of opening. If mushrooms cannot be canned 
after they have been picked they should be chilled to retard opening, to contain 
disease development, and to maintain colour. 

Tests to determine the shrinkage in size of mushrooms during blanching and 
retorting (spot samples) indicated that most shrinkage in size took place during 
blanching as indicated by mushrooms which decreased in size from a cap diameter 
of 27 mm when fresh to 22 mm after blanching and to 21 mm after retorting. 

Mushroom colour 
The whiteness of mushrooms of the different strains was similar after canning 
(Table 3) despite large differences in colour before canning, i.e., the white strains 
had Hunter L values above "85 when fresh, while the Brown>train had a value ofti8. 
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All the canned mushrooms had an acceptable colour. Unpublished data from this 
laboratory on the colour of a range of canned mushrooms from a wide number of 
sources and purchased at retail outlets showed that whiteness values varied form 60 
to 42 Hunter L units. A panel which carried out visual inspection of the samples 
indicated that an L value of at least 53 was required for colour acceptability in 
canned mushrooms. 

It was found necessary to use citric acid in the blanch water in order to obtain an 
acceptable colour in the canned product. In the absence of citric acid, colour values 
for the canned mushrooms were in the range 40-45 Hunter L units. 

CONCLUSIONS 

1 .. The brown strain was found most suitable for canning in these-tests in that it was 
the most robust to handle and gave the highest yield of whole closed canned 
mushrooms. 

2. Level of grade-outs was the major factor influencing yield of whole closed canned 
mushrooms and more attention must be given to reducing this through better 
husbandry practices and through improved storage and handling prior to 
processing. 
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APPENDIX 

Values for within-treatment variance 

Factor 
Strain 

White Off-White 1 Off-White 2 Cream Brown 

Grade-outs 

Stems 4.7 0.4 I. I 2.1 1.8 

Open 60.0 21.6 56.6 236.7 22.2 

Misshapen L5 22.5 34.7 0.7 0.8 

Blanching losses 

Shrinkage 12.8 12.8 21.9 14.7 3.3 

Open 13.9 2.7 9.1 18.6 5.1 

Rejects 0.7 20.0 3.4 1.4 3.6 

Retort loss 6.0 2-3 1.9 :5.0 3.5 


