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Abstract

The effect of two different composts: horse manure and broiler chicken manure and the in-
fluence of flushes during the growing cycle on some chemical components contained in the
mushroom (Agaricus bisporus) was studied. The strain Somycel 11 was analyzed. The fol-
lowing determinations were made: dry matter, total nitrogen and crude protein, nitrates,
nitrites and amino acids composition. It has been noted that the crude protein from com-
bined flushes III to VI of mushrooms cultivated on horse manure was about 249, higher than
in those grown on broiler chicken manure. Some changes in amino acids composition, es-
pecially lysine, histidine, arginine, aspartic acid, serine, methionine, glutamic acid and alanine
were observed, depending on the size of the fruit-body, flushes and type of compost.

INTRODUCTION

Yields of cultivated mushrooms vary singificantly over the flushes or breaks
of the crop cycle. The extent of fluctuation in cropping intensity varies in part with
the strain of the mushroom involved. Presumably, the variation in yield is directly
related to the metabolic activity of the mushroom strain; i.e. periods of increased
metabolic activity would result in increased yields, while periods of decreased me-
tabolic activity would result in a decreased yield (Parrish et al., 1976). Undoubt-
edly metabolic activity of the mushrooms is affected by environmental factors such
as temperature, relative humidity and levels of carbon dioxide which are known
to be key factors in controlling the growth process.

The nutritional requirements of the cultivated strains of Agaricus bisporus and
also the methods by which those substances are prepared and provided, are at least
equal in importance to environmental factors. The unpredictable nature of compost —
the substrate — imposes a major limitation not only in growing, but also in the
quality of mushrooms and their nutritional value (Hayes, 1972).
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The literature data and information whether the quality and chemical composi-
tion of mushrooms are affected by different compost preparation and whether
compositional changes can occur over the flushes or breaks of the crop cycle, are
rather limited. Gapinski and Gierszynski (1974) found that dry matter content
of Agaricus bisporus is affected by compost. preparation and the method of cul-
tivation. Maggioni et al. (1968) reported that the strain Somycel 87, produced
mushrooms during the fourth break which contained 15-25%, more crude protein
than those produced during the first break. They also found that mushrooms cul-
tivated on compost supplemented with urea plus ammonium sulfate exhibited
a lower total amino acids content with limited production of proline and arginine
while exhibiting an increased production of methionine, aspartic acid, valine and
alanine as compared with mushrooms grown on composts supplemented with am-
monium sulfate alone. These changes in composition became less pronounced
during successive breaks. Hughes et al. (1958), on the other hand, did not detect
any differences in the protein content of an unspecified strain of Agaricus bisporus
harvested during the first, third or fifth breaks. Only the amount of tyrosine decreas-
ed with each successive break.

MATERIALS AND METHODS

For research concerning the influence of the growing substrate on the dynamics
of fruiting and chemical composition of Agaricus bisporus, two different composts:
horse manure and broiler chicken manure were prepared. The study was carried
out using the Somycel 11 strain.

The following determinations were performed, according to the methods de-
scribed by Bakowski and Kosson (1985): dry matter, crude protein, nitrates,
nitrites, amino acids composition. All determinations were made using two differ-
ent sizes of fruit-body: 25-35 mm in diameter of pileus described as small and
> 35 mm in diameter of pilcus described as large. The results were evaluated sta-
tistically. Confidence limit values were evaluated by the Dean and Dixon fest
(1951).

RESULTS AND DISCUSSION

Yield comparison of the mushrooms cultivated
on two composts

The total yield was not affected by compost preparation being respectively 20.5 kg
per square meter for horse manure and 20.6 kg per square meter for broiler chicken
manure (Fig. 1). There were differences in the yield of the flushes. Yield intensity
of mushrooms cultivated on horse manure in the first flush was much higher than
for mushrooms cultivated on broiler chicken manure. Opposite results were obtained
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in the second flush. Since the combined yield of the initial three flushes of mushrooms
for both composts made up the greatest part of the total yield (above 75%,), the
differences in the yield over the next flushes are less significant. The quality of mush-
rooms from the first, second, third and fourth flush was good. A characteristic of
mushrooms from the second flush of both composts was a tendency to form smal-
ler fruit-bodies. Mushrooms from the fifth and sixth flush cultivated on broiler
chicken manure were of a somewhat worse quality because of developing scales
(V flush) and occurring bacterial bleach (Fig. 1).
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Fig. 1. Variation in the yields during the crop cycle of mushrooms (Agaricus bisporus) cultivated
on two composts

Chemical composition of mushrooms cultivated
on two composts

Dry matter content does not change significantly for large fruit-bodies over
the flushes for both composts (Table 1). There are some significant differences for
small mushrooms among the flushes. Mushrooms cultivated on horse manure
from the IV flush exhibited a significantly higher dry matter content as compared
with the 1, 11, III and V flush. Similarly, small mushrooms cultivated on broiler
chicken manure from the VI flush had a higher dry matter than those from the I,
IL, III and V flush. Gapinski and Glebionek (1978) reported that the dry matter
content did not change significantly during the crop cycle for four white strains
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Table

Dry matter content, total nitrogen and crude protein in cultivated mushrooms (Agaricus bisporus)

Approximate
Type of 25-35 mm
compost Component Flush
I 1I 1113 v
Dry matter, % 7.074:0.7 6.4-+0.8 6.8+0.8 8.14-0.1
Horse Total N (9% dry weight 5.154-0.10 6.324-0.19 7.91+0.02 7.1140.13
manure without N-NO;, N-NO,)
Crude protein
Nx4.38 22.611+044 27.6840.83 34.654-0.09 31.144-0.07
(% dry weight)
Dry matter, % 8.9-+04 83408 8.440.1 9.0+1.1

Total N (% dry weight
without N-NOj;, N-NO,) 5.384-0.24 6.00+0.04 5954008 5.594-0.41

Broiler Crude protein
chicken N x4.38 23.56+1.05 26.284+0.18 26.06--0.35 24.48-11.80
manure (% dry weight)
‘ Table
Amino acids composition of cultivated mushrooms (dgaricus bisporus) from successive flushes
Flush I Flush II Flush
Amino acid approximate diameter of the pileus
25-35 mm > 35 mm 25-35 mm > 35 mm 25-35 mm
Lysine** 6.814-0.44 6.794-0.76 5.874:0.33 6.69-+-0.52 4.884-0.13
Histidine** 2.3240.17 2.084-0.29 2.084+0.10 2.114+0.15 1.924-0.36
Arginine** 3.944-0.41 3.754-0.14 3.514+0.13 3.73+0.35 3.634-0.06
Aspartic acid 9.83+0.74 9.2740.81  10.00+0.58 9.57+0.49 8.994-0.22
Threonine** 3.904-0.35 3.114+0.12 3.774+0.40 3.40+-0.06 3.924-0.39
Serine 4.02+40.34 3.4740.30 4,6140.26 4.21+0.21 3.49-4-0.20
Glutamic acid 20.504-1.30 19.114+1.71  19.96-+0.62  19.60--1.05 19.334-0.94
Proline 4.574+0.11 4.95+0.05 5.38-+0.26 4.61+0.29 6.13-:0.30
Glycine 3.63+0.10 3.364-0.38 3.66--0.52 3.6310.14 3.344-0.14
Alanine 5.614+0.29 5.5940.33 5.57+0.22 5.474.0.05 5.474+0.06
Valine** 3.65-:0.24 3.544+0.29 3.56-0.55 3.94-+0.16 3.63+-0.44
Methionine** 1.204-0.05 1.004+0.18 . 1.10+0.14 0.884+0.13 0.914+0.05
Isoleucine * * 2.75+0.16 2.664+0.12 2.614-0.05 2.834+0.33 2.56--0.16
Leucine** 5.26+0.57 4.8340.42 5.034:0.16 5.094-0.23 4.69-4-0.22
Tyrosine** 2.52+4+0.35 2.41+0.14 2.4740.10 2.44-0.18 2.344-0.23
Phenyloalanine** 3.224-0.08 2.8440.26 3.04-0.33 3.124-0.16 2.884-0.06
Total essential
amino acids** 35.57 33.01 33.04 34.17 31.36
Total amino acids 83.73 78.76 82.22 81.26 78.11

* Averages from three independent replicates -+ confidence limits at p = 0.95, evaluated according to Dean and
** Essential amino acids.
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1

from successive flushes, grown on two composts, horse manure and broiler chicken manure

diameter of pileus

> 35 mm

number

v VI I 1I 11 v Vv A4t

7.540.5 8.34+0.7 7.240.7 6.5+0.8 6.940.9 7.84-0.6 7.040.8 8.441.1
6.314+0.11 6.734£0.16 5.134+0.14 6.294:0.07 7.5740.01 7.064-0.06 6.144-0.20 6.421-0.12

27.64+048 29.4840.70 22.474-0.09 27.5540.39 33.164-0.04 30.9240.26 26.89+0.88 28,12--0,53

8.940.5 10.941.1 8.840.3 8.0+0.9 8.01+0.8 89+1.2 8.61+0.8 9.7410
5.23+£0.10 5.544-0.34 5144014 5.7540.20 5.7940.12 55640.32 5.0240.16 5.26+0.28

22.91+044 24.724-1.49 22.5140.61 25.194-0.88 23.5640.53 24.354+1.40 21.994-0.70 23.04-4-1.23

2
growing on horse manure (expressed in grams per 16 grams of nitrogen [g/16g NJ)*

jis Flush 1V Flush V Flush VI

> 35 mm 25-35 mm > 35mm 25-35 mm > 35 mm 25-35 mm > 35mm

4.6840.13 4434036 7.2740.77 5.1940.25 4.751-0.68 6.8310.59 7.14+0.26
1.654+0.22 1.6740.36 1.8840.22 1.614+0.16 1.65+0.10 1.774+0.20 2.1840.38
3.864-0.08 4.324-0.3¢  4.204-047 3.9040.31  3.54-40.32 4.554.0.20 4.631+0.23
9.40+0.64 9.684-0.19 8.93+0.32 9.054-0.18 8.7510.13 11.1240.18 12.71+1.08
3.614+£0.29 4.03+0.35 3.78:£0.22  3.564-0.13  3.234+0.22 3.97+0.18 4.7140.36
3.87+£0.07 4.243+0.17 4.04+0.12 3.91+0.29 3.88+0.05 4.73+£0.49 5.55+0.62
22.33+1.74 20.3040.32 20.044-0.88 20.1540.22 20.39+0.52 24.07+1.11 22.2540.60
4.55+0.38 4.104+0.13  4.11+0.08 3.93+0.06 4.254-0.06 4.22+0.35 4.1940.10
3.4410.09 3.6040.13 3.2840.28 3.2640.13 3.41+0.18 4.574+0.04 4.63+0.16
6.07+£0.35 5.2840.14 542+0.29 4714016 4.9640.26 5674026 5.8640.39
3.67+047 3.811047 3.5240.08 3.261:.0.10 3.594-044 4.274046 4.404-0.39
0.904-0.13  0.8440.04 0.934-0.07 1.044-0.08 0.964-0.09 1.161+0.08 0.98-40.03
2.52+40.07 2.66:0.08 2.4540.17 2.55+0.14 2.531+0.10 2.93+0.16 2.6240.14
4.86+0.33  4.994-0.13  4.8340.23 4.484:0.33 4.294:0.11 4.704-0.26  4.38:£0.07
2404012 249+0.25 2.2640.29 2164018 2.1840.06 2494013 2.343.0.14
3.13£0.14  3.35+0.18 2.9240.26 2.67--0.26 2.814+0.04 3.06+0.10 2.8740.13

31.28 32.59 33.51 30.42 29.52 35.73 36.35
80.95 79.79 79.33 65.43 75.16 90.11 91.53

Dixon test.
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of Agaricus bisporus. On the other hand Lemke (1971) found that mushrooms at
the beginning of the fruiting cycle had the highest dry matter content. It can be ob-
served (Table 1) that the dry matter content of small mushrooms cultivated on
broiler chicken manure is significantly higher for nearly all respective flushes, in
comparison with those cultivated on horse manure. For large fruit-bodies this
difference is observed only in the first flush.

Mushrooms cultivated on horse manure exhibit an increase in crude protein
content to a maximum value in the third flush, and the fourth and fifth show a de-
crease (Table 1., Fig. 2). For small and large fruit-bodies the average highest value
in the third flush is 33.9%, on the dry weight basis, and the lowest in the first flush
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Fig. 2. Changes in crude protein content of the mushrooms (Agaricus bisporus) cultivated on two
composts

22.5%, on the dry weight basis. On the other hand, it is observed that for broiler
chicken manure only mushrooms from thé second and third flush have a higher
level of crude protein content in comparison with those from the first and fifth
flush (also for large fruit-bodies sixth flush). By comparing the crude protein con-
tent of mushrooms cultivated on different composts it was observed that mushrooms
from the 111, 1V, V and VI flush, and also for large fruit-bodies from II flush growing
on horse manure have a significantly higher level of crude protein than those from
the respective flushes cultivated on broiler chicken manure. The average content
of crude protein from combined flushes III-VI of mushrooms cultivated on horse
manure is about 249 higher than of those growing on broiler chicken manure.

The nitrate level in mushrooms is rather low in comparison with some vege-
tables. The nitrite level is also very low but significant. A trend for both composts
can be obseived in that the nitrates in mushrooms from the last two or three flushes
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is higher than in those from the two or three initial flushes. Nitrates content of
mushrooms cultivated on broiler chicken manure is about twice that of those cul-
tivated on horse manure. A similar effect is observed for nitrites (Fig. 3).

The lowest lysine value was detected in mushrooms from the third flush grown
on both composts (Fig. 4). Large fruit-bodies from the fourth flush grown on horse
manure contain about 609, more lysine than small ones. Usually small fruit-bodies
from the initial two flushes contain significantly more lysine than those from the
third, fourth and fifth flushes. The lysine content of mushrooms from the sixth
flush, grown on horse manure, is considerably higher than of those grown on broiler
chicken manure. Similar difference can be observed for large fruit-bodies from
the fourth flush.

The only significant difference for small and large fruit-bodies is that the level
of histidine in mushrooms from the first and second flush cultivated on horse ma-
nure is higher than of those grown on broiler chicken manure (Tables 2, 3).
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Fig. 3. Influence of successive flushes on nitrates and nitrites content in the mushroom Agaricus
bisporus cultivated on horse manure and broiler chicken manure
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Table
Amino acids composition of cultivated mushrooms (Agaticus bisporus) from successive flushes
Flush I Flush II Flush
Amino acid approximate
25-35mm >35mm 25-35 mm > 35 mm 25-35 mm
Lysine** 5.924-0.32 6.101L0.16 5.8540.32 5.654-0.51 4.444-0.26
Histidine** 1.6810.09 1.6610.12 1.4140.20 1.654+0.09 1.414+0.20
Arginine** 417+0.17 4134026 4331012 4.1340.22 3.611-0.04
Aspartic acid 9.964-0.21 9.634+0.29 10.11£1.04 10.954+-0.20 9.3941.04
Threonine** - 3.45+0.16  3.764-0.35 3.0540.23 4.1140.29 4.021+0.13
Serine 3.8540.21 3.8440.23 3.904+0.27 4.49+0.29 3.5640.04
Glutamic acid 23.434+-2.21 24.494-1.39 24.354+0.97 24.4140.66 22.63+2.20
Proline 3.954+0.07 4.59+0.06 4.30+0.17 3.904+0.06 6.98+0.10
Glycine 4.394+0.16 4.554-0.08 4.3940.35 4.39+0.25 3.46+0.13
Alanine 6.13+0.21 6.16+£0.10 6.32+0.35 6.53+0.09 4.894-0.06
Valine** 4.2240.17 4.25+0.13  4.0040.22 4.10+-0.29 3.56+0.05
Methionine** 1.034:0.12 1.00£0.08 1.234£0.10 1.154-0.11 0.98--0.09
Isoleucine** 3.0840.18 2.9640.14 2.8840.16 2.68+0.21 2.704+0.16
Leucine** 5.664+0.04 54740.13 5594036 5.391-0.29 5.234.0.48
Tyrosine** 2.404+0.27 2454020 2.454:0.22 2.214+0.23  2.404-0.26
Phenyloalanine** 3.1340.06 3.064-0.07 3.1640.26 3.034+0.23 3.01+0.17
Total essential 34.74 34.84 33.94 34.10 31.36
amino acids**
Total amino acids 86.63 88.10 87.31 88.77 82.27

* Averages from three independent replicates 3 confidence limits at p = 0.95, evaluated according to Dean and
** Essential amino acids.
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Fig. 4. Changes in lysine content of the mushrooms (4garicus bisporus) cultivated on two composts



The influence of flushes on some constituents of mushroom 107

3
growing on broiler chicken manure (expressed in grams per 16 grams of nitrogen [g/16g N))*

I Flush IV Flush V Flush VI

diameter of the pileus

> 35 mm 25-35 mm > 35 mm 25-35 mm > 35 mm 25-35 mm > 35 mm

498+0.18 5154040 5.1040.23 5.244031 6.014025 5374052 5.024:0.23
1674018 1.7340.14 1.6640.18 1.7340.13 1.78:4£0.17 1.6340.04 1.4810.13
404010 4154044 4.0540.12 3.884+030 3.8710.13 3.9110.14 3.59£0.08
9.014-0.19 8724045 8.4040.65 8.1040.14 8.10+0.16 8.044+034 7.6110.38
34441012 3.614+020 3.38:4+0.14 3.8410.22 3.364-0.20 3.1840.09 3.394-0.07
3.7040.04 3.9440.18 3.,70-:0.04 3.56-£0.16 3.5314-0.26 3.4940.31 3.38+0.18
22.484-0.65 21.38+0.52 20.5740.61 18.20+-1.24 18.224-0.13 19.75::0.86 19.394-1.07
6184046 6.36-+0.53 6.1240.14 5.67+0.81 6.014-0.89 4.794042 7.12+0.31
3.544+0.08 3.59+0.13  3.49-+0.13 3.49+40.05 3.514-0.21 3.364:0.14 3.264-0.13
5194030 5.154+0.14 4.90+0.06 4.78+0.27 5.01--0.06 4.994.0.18 4.674-0.17
3.604+0.34¢  3.5740.21 3.4740.13 3.3040.17 3.734£0.18 3.82+0.42 3.234:0.14
0.934-0.04 0.8140.10 0.704£0.10 0.87X+0.08 0.864-0.04 0.8340.05 0.83+0.05
2.66+£0.07  2.63:10.12 2.574+0.04 2.641-0.12 2.693-0.12 2.4740.14 2.3640.13
5.034-0.17 4.804:0.40 4.6510.13 4.9210.08 5011036 4.914-0.16 4.594+0.07
2.3940.12  2.3040.04 2.1840.25 2.3540.19 2.2540.32 2.1840.05 2.15+0.16
2.9840.07 - 2.88+0.17 2.6840.25 2.8540.07 2.8910.08 2.8710.10 2.711+0.12

31.72 31.63 30.44 - 31.62 32.51 31.17 29.35
81.82 80.77 77.62 75.42 76.86 75.59 74.78
Dixon test

The content of arginine in mushrooms from the sixth flush cultivated on horse
manure is significantly higher than of those grown on broiler chicken manure
(Tables 2, 3). '

The highest amount of aspartic acid is observed in mushrooms from the sixth
flush cultivated on horse manure (Table 2).

The mushrooms cultivated on horse manure contain significantly higher levels
of serine as compared with those grown on broiler chicken manure (Tables 2, 3).

A significantly higher content of glutamic acid is observed for small and large
fruit-bodies from the initial two flushes grown on broiler chicken manure as compared
with those growing on horse manure. Opposite changes are noted for mushrooms
from the last flush (Tables 2, 3).

Changes in proline levels are observed in mushrooms growing on broiler chick-
en manure (Table 3). The content of proline in fruit-bodies from the first and sec-
ond flush is pronouncedly lower than from the remained ones. There are also some
irregular changes.

The mushrooms from two initial flushes grown on broiler chicken manure con-
tain significantly higher amounts of alanine than those from-the remaining flushes,
and also more than mushrooms of the two respective flushes grown on horse ma-
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nure (Table 2). Opposite changes in alanine content are also observed for mush-
rooms grown on the two compared composts in the last flush.

Some irregular changes can be observed depending on the size of the fruit-body,
flushes and compost preparation. For small fruit-bodies grown on horse manure,
the level of methionine decreases up to the fourth flush and then increases (Fig. 5).
Similar trends of decreasing, however, but not so pronounced are observed for
fruit-bodies of both sizes grown on broiler chicken manure. The methionine level
is constant for large fruit-bodies grown on horse manure. Small fruit-bodies from
the sixth and fifth and large ones from the sixth and fourth flush grown on horse
manure, are characterized by a higher quantity of methionine in comparison with
the corresponding fruit-bodies of the respective flushes grown on. broiler «chicken
manure.
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Fig. 5. Changes in methionine content of mushrooms (Agaricus bisporus) cultivated on two com
posts

Other amino acids contents as threonine, glycine, valine, isoleucine, leucine,
tyrosine, phenylalanine do not differ significantly in mushrooms grown on differ-
ent composts and some changes during the flushes are rather irregular (Tables 2, 3).
In contrast with Hughes et al. (1958) in this study was not observed a decreased
amount of tyrosine with each successive flush.

Total amino acids content (Tables 2 and 3) in mushrooms grown on both com-
posts is usually higher in the initial two flushes, while the highest value (90.8 g 16g N)
is reached in the sixth flush on horse manure.

CONCLUSION
1. The total yield was not affected by compost preparation, however some dif-
ferences in the yield of the flushes were noted. The yield intensity of mushrooms cul-
tivated on horse manure in the first flush was higher, and lower in the second in
comparison with that of mushrooms cultivated on broiler chicken manure.
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2. On both composts small fruit-bodies contained more dry matter in the last
flushes. Small fruit bodies grown on broiler chicken manure were characterized
by a higher dry matter content than those from horse manure.

3. The average content of crude protein from combined flushes III to VI of
mushrooms cultivated on horse manure was about 249, higher than of those grown
on broiler chicken manure.

4. Some irregular changes in amino acids composition can be observed depending
on the size of the fruit-body, flushes and type of compost. Lysine, hisitidine, argi-
nine, aspartic acid, serine, and methionine usually are present in higher amounts
in mushrooms from some flushes grown on horse manure than on broiler chicken
manure. Total amino acids content in mushrooms grown on both composts is usually
higher in the initial two flushes.

5. The nitrate and nitrite levels are rather low in comparison with some vege-
tables. Nitrates and nitrites contents in mushrooms cultivated on broiler chicken
manure are about twice as high as in those cultivated on horse manure.
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Wplyw termindw owocnikowania na niektére skladniki pieczarek
(Agaricus - bisporus) uprawianych na réznych podlozach

Streszczenie

Badano wplyw rodzaju podloza (nawoéz kofiski i kurzy) oraz wplyw kolejnych rzutéw pieczarek
na zawarto$¢ niektorych skladnikéw w grzybach Agaricus bisporus. W doswiadczeniu wykorzysta-
no ras¢ pieczarek — Somycel 11. Analizowano plonowanie pieczarek, zawarto$¢ suchej masy,
azotu ogolem, biatka, azotandéw, azotyndéw oraz sklad aminokwasowy. Stwierdzono, ze rodzaj
podloza nie wplywal na plon ogélny pieczarek, aczkolwiek zaobserwowano zroznicowane plono-
wanie na kazdym z podlozy w poszczegblnych rzutach grzybow. Owocniki male, pochodzace z ostat-
nich rzutéw, zawieraly wigcej suchej masy w poréwnaniu do owocnikéw z rzutdéw poczatkowych.
Zauwazono, ze zawarto$¢ biatka w pieczarkach uprawianych na nawozie konskim z rzutéow od 111
do VI byla o okolo 249, wigksza w porownaniu z pieczarkami uprawianymi na nawozie kurzym.
Poziom zawartos$ci azotanow i azotynow w badanych grzybach jest raczej niski w poréwnaniu do
warzyw. Pieczarki uprawiane na nawozie kurzym zachowatly okolo dwa razy wiecej azotanéw i azo-
tynéw w poréwnaniu do pieczarek uprawianych na nawozie konskim. Wykryto réwniez roznice
w zawartosci niektorych aminokwas6w takich jak: lizyna, histydyna, arginina, kwas asparaginowy,
seryna, metionina, alanina i kwas glutaminowy w pieczarkach zaleinie od wielkosci owocnikow,
rzutdw i typu kompostu, na ktérym uprawiano grzyby.
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