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Abstract

The research evaluated the interactions of two main factors (strain / types of spawn) on various pa-

rameters with the purpose to assess its effect on yield and biochemical composition of Lentinula

edodes fruiting bodies cultivated on pasteurized wheat straw. The evaluation was made with four

strains (IE-40, IE-105, IE-124 and IE-256). Different types of spawns were prepared: Control (C)

(millet seed, 100%), F1 (millet seed, 88.5%; wheat bran, 8.8%; peat moss, 1.3%; and CaS04, 1.3%)

and F2 (the same formula as F1, but substituting the wheat bran with powdered wheat straw). Wheat

straw was pasteurized by soaking it for 1 h in water heated to 65 °C. After this the substrate (2 kg wet

weight) was placed in polypropylene bags. The bags were inoculated with each spawn (5% w/w) and

incubated in a dark room at 25 °C. A proximate analysis of mature fruiting bodies was conducted.

The mean Biological Efficiency (BE) varied between 66.0% (C-IE-256) and 320.1% (F1-IE-124),

with an average per strain of 125.6%. The highest mean BE was observed on spawn F1 (188.3%), sig-

nificantly different from C and F2. The protein content of fruiting bodies was high, particularly in

strain IE-40-F1 (17.7%). The amount of fat varied from 1.1 (F1-IE-40) to 2.1% (F2-IE-105) on dry

matter. Carbohydrates ranged from 58.8% (F1-IE-40) to 66.1% (F1-IE-256). The energy value deter-

mined ranged from 302.9 kcal (F1-IE-40) to 332.0 kcal (F1-IE-256). The variability on BE observed

in this study was significantly influenced by the spawn’s formulation and genetic factors of the differ-

ent strains.
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Introduction

Lentinula edodes (Berk), Pegler, better known as

shiitake, has traditionally been cultivated on hardwood

logs, mainly oak (Quercus spp.) in order to obtain fruiting

bodies for human consumption (Kozak and Krawczyk,

1993; Sobata y Nall, 1994). However, this cultivation sys-

tem represents a limiting factor and potential danger to the

environment in Mexico as well as other countries due to the

slow growth rate and the overuse of oak, jeopardizing the

population of this important forest species. Thus, efforts to

develop a more efficient, reliable and faster production sys-

tem have focused on the use of enriched sawdust substrates

(Przybylowicz and Donoghue, 1990).

Shiitake occupies second place in the production of

cultivated fungi. Over 1,321,000 tons being produced in

China, Japan, Taiwan and Korea (Lin et al., 2000; Chang y

Miles, 2004,). Currently, in addition to having a wide mar-

ket for direct consumption, shiitake is known to contain

important bioactive compounds that are important to the

pharmacological, food and cosmetology industries (Kües

and Liu, 2000).

In Mexico and other Latin American countries, ex-

perimental cultivation of shiitake has been carried out using

wood shavings, e.g. Alnus, Bursera, Carpinus, Eucalyptus,

Heliocarpus and Nothofagus (Mata et al., 1990; Morales

and Martínez-Carrera, 1991; Morales et al., 1991; Pire et

al., 2001). Coffee pulp, sugar cane bagasse, straw from sev-

eral cereals and vineyard pruning have also been employed

(Mata and Gaitán-Hernández, 1992, 1994; Salmones et al.,

1999; Gaitán-Hernández and Mata, 2004; Gaitán-Hernán-

dez et al., 2006; Gaitán-Hernández et al., 2011). Land culti-
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vated with barley and wheat crops in Mexico cover from

383,000 to 560,000 ha, generating approximately 0.7 and

2.7 million tons of straw residue, respectively (FAO, 2009).

Barley and wheat are widely used in the cultivation of

Agaricus bisporus (Lange) Imbach and Pleurotus spp.,

they also provide a great potential for the production of

shiitake (Gaitán-Hernández and Mata, 2004; Gaitán-Her-

nández et al., 2006; Gaitán-Hernández et al., 2011).

The traditional method to cultivate shiitake mush-

rooms in sawdust or wood shavings involves sterilization

pretreatments required to create aseptic conditions. This

system on synthetic logs often requires high infrastructural

costs and large energy consumption. These disadvantages,

together with the scarce availability of the substrate in some

regions, justify the use of alternative substrates such as

wheat straw for the cultivation of L. edodes. Wheat straw is

an abundant and relatively inexpensive raw material that

successfully has been used to produce shiitake in France

(Delpech and Olivier, 1991). The number of shiitake strains

that are well adapted to grow on pasteurized wheat straw is

relatively low (Levanon et al., 1993; Mata and Savoie,

1998; Mata et al., 2002) and this substrate is easily contam-

inated with antagonistic fungi. However, it has been dem-

onstrated that the use of supplemented spawn reduces

substrate contamination considerably (Mata et al., 1998;

Sovoie et al., 2000).

Due to chemical and structural differences in the cul-

tivation substrates, as well as in thermal treatments, the se-

lection of a good spawn adapted to these conditions is

critically important to ensure a high production of mush-

rooms in the shortest time possible. Previously millet seeds

have been used as substrate to produce spawn (Mata et al.,

2002), and also to increase the yield of shiitake by millet

supplementation of wood chip substrate (Royse, 1996).

Supplemented spawn for optimizing the cultivation of

Pleurotus on coffee pulp, wheat straw and sawdust has also

been assayed (Sainos et al., 2006, Mata et al., 2011; Narh et

al., 2011).

The preparation of a nutritionally supplemented

spawn, as well as the preadaptation of the mycelium to the

final components of the culture substrate, have allowed for

a considerable reduction in contamination during the first

growth stages, this is an important factor for successful

shiitake cultivation (Savoie et al., 2000). Since the ability

of shiitake to grow on lignocellulosic substrate is related to

the vigor of its mycelium, the research evaluated the inter-

actions of two main factors (strain and types of spawn) on

various parameters with the purpose to assess its effect on

yield and biochemical composition of L. edodes fruiting

bodies cultivated on pasteurized wheat straw.

Materials and Methods

Strains

Four Lentinula edodes strains evaluated in this study

were as follows: L35 from Hong Kong; CS2 from Fungi

Perfecti, USA; IBUG 18, donated by Ruth de Leon from

Guatemala, and strain FM009 from Argentina. The strains

were deposited and are maintained in the Fungi Strain Col-

lection at the Institute of Ecology (INECOL, Xalapa, Mex-

ico) and are registered as IE-40, IE-105, IE-124 and IE-256

respectively. Isolates were maintained on malt extract agar

(MEA) (BIOXON, USA) at 25 °C.

Spawn

Different types of spawn were prepared: Control (C)

(millet seed Panicum mileaceum L., 100%) (pearl seed /

Canadian origin), Formula 1 (F1) [millet seed, 88.5%;

wheat bran, 8.8%; peat moss (Sphagnum / Canadian ori-

gin), 1.3%; CaSO4, 1.3%], and Formula 2 (F2) (millet seed,

88.5%; powdered wheat straw, 8.8%; peat moss, 1.3%;

CaSO4, 1.3%), percentages are based on dry matter. The fi-

nal moisture content was 65%. Each mixture (300 g fresh

wt) was placed in plastic bags and sterilized for 1.5 h at

121 °C. The master spawn was prepared by inoculating the

sterile mixture with colonized agar plugs (1 cm2) and incu-

bated in complete darkness for 15 d at 25 � 1 °C. Secondary

spawn was prepared in new bags filled with the sterile mix-

ture and inoculated with the first spawn (15 g master

spawn). In this work we used millet seed as basal substrate

because in a preliminary experiment in order to improve

shiitake spawn, the authors observed greater mycelial

growth and metabolic activity of several shiitake strains on

pasteurized wheat straw (Mata et al., 2002).

Substrate for fruiting

Wheat straw Altiplano F2007 (Triticum aestivum L.)

(harvested in the spring-summer cycle / Libres, Puebla,

Mexico) was used to cultivate L. edodes. The straw was

chopped into small pieces (3 to 5 cm in length) using an

electric chopper and was hydrated in a container for 30 min.

Afterwards, the substrate was pasteurized by soaking it in

heated water (65 °C) for 1 h. The straw was then drained

and the temperature reduced to 25 °C. The substrate (2 kg

wet wt) was placed in 32 x 44 cm polypropylene bags with a

micropore filter (Unicorn Import and Manufacturing, Com-

merce, TX). Each bag of substrate was inoculated with 5%

(w/w) of spawn and incubated in darkness at 25 � 1 °C. Af-

ter the incubation period had ended (45 d) the substrate

bags were transferred to a production room and the propyl-

ene bags were removed. In the production room, the rela-

tive humidity was maintained at 85-90% and the air tem-

perature at 18 � 1 °C. Air recirculation was used for cooling

to maintain air distribution and low CO2 levels (less than

500 ppm). A photoperiod of 12 h was provided with 350 lux

illumination with lamps during the day to favor fruiting and
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obtain fruiting bodies with normal morphology and pig-

mentation.

Mushrooms were harvested at maturity, once the gills

were exposed and the cap margin completely extended.

Production data were evaluated based on biological effi-

ciency (BE), production rate (PR) and yield (Y) (Gaitán-

Hernández et al., 2006). Mushroom size was determined

according to the pileus diameter as follows: group 1

(G1) < 5 cm, group 2 (G2) 5-9.9 cm, group 3 (G3) 10-

14.9 cm, and group 4 (G4) > 15 cm.

Biochemical composition of Lentinula edodes fruiting
bodies harvested.

To determine the chemical composition of mature L.

edodes fruiting bodies harvested during the first crop, a

proximate analysis was conducted: moisture (AOAC

4.1.03, method 920.39), total mineral content (AOAC

4.1.10, method 942.05), crude fat content (AOAC 4.5.01,

method 920.39), protein content (N x 4.38) (AOAC 4.2.08,

method 934.01), using the combustion method with Leco

FP-528 equipment (AOAC, 2000). Available carbohy-

drates were calculated from the difference. Total calories

(energy value) were calculated based on dry matter accord-

ing to Lau’s (1982) equation: kcal/100 g = 2.62 x (protein

%) + 4.2 x (carbohydrates %) + 8.37 x (fat %).

Statistical analysis

A completely random design with a factorial arrange-

ment (4 strains x 3 types of spawn) was applied to proximal

analysis values, and samples were tested in triplicate. A

completely random design with a factorial arrangement

was also applied to production values; ten substrates bags

were evaluated per treatment. An analysis of variance

(ANOVA) was conducted for all values and comparison of

means according to Tukey’s and Duncan’s test (p < 0.05)

using the statistical software Statistica (v. 7.0).

Results and Discussion

After the incubation period, substrates showed dark

colored patches that eventually spread to cover the entire

surface. This is consistent with its appearance cited by

Przybylowicz and Donoghue (1990). The exudate indi-

cated the maturing of the mycelium, a state that is adequate

for fruiting (Donoghue and Denison, 1995).

Regarding the formula of the spawn used during the

incubation period, no time difference was observed for the

colonization of the substrate to take place. Table 1 shows

the effect of the inoculated substrate for each spawn for-

mula employed during the total mushroom production pe-

riod (PP) for each strain evaluated. The PP differed

significantly among strains (F = 28.46, df = 3, p = 0.001),

formula (F = 120.36, df = 2, p = 0.001) and their interac-

tions (F = 24.68, df = 6, p = 0.001). The PP varied between

34 and 56 d depending on the strain and spawn formulation

used. However, the total weight of fresh mushrooms of two

harvests was greatest for F1 (p < 0.05). In general, the

wheat straw inoculated with formula 1 and 2 produced
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Table 1 - Production of fresh Lentinula edodes mushrooms on pasteurized wheat straw inoculated with three types of spawn: control (C) (millet seed),

formula 1 (F1) (millet seed, wheat bran, peat moss, CaS04) and formula 2 (F2) (millet seed, powdered wheat straw, peat moss, CaS04).

Strain Formula PP1, 4 Total weight (g)2, 4 Production by harvest (%)3

First Second

IE-40 C 40 � 8.0b 473.7 � 197.1a 56.1 43.9

F1 42 � 6.4c 1037.6 � 226.6g 56.8 43.1

F2 38 � 8.2b 672.6 � 153.2d 50.8 49.1

IE-105 C 42 � 7.0b 568.2 � 151.5b 54.4 45.5

F1 49 � 10.9e 833.5 � 125.4f 63.8 36.1

F2 43 � 6.8d 735.5 � 131.2d 60.7 39.3

IE-124 C 34 � 6.9a 453.9 � 191.1a 50.5 49.4

F1 46 � 8.4d 1952.9 � 271.8h 50.5 49.4

F2 56 � 2.3f 717.6 � 186.6d 52.8 47.1

IE-256 C 46 � 5.1d 402.7 � 94.1a 61.0 38.9

F1 41 � 7.4c 771.8 � 123.7e 61.9 38.0

F2 49 � 9.4e 576.9 � 208.1c 72.0 27.9

1Production Period (time from primordia formation to last harvest).
2Fresh weight of mushrooms harvested from ten replicates.
3Distribution of total weight mushrooms obtained in each harvest, estimated in percentage.
4Means � standard deviation followed by different letters indicates significant differences according to Duncan (p < 0.05).



greater yields than that inoculated with the control (C). The

longest periods of production were observed for substrates

inoculated with F1 (IE-40, 42 d), F1 (IE-105, 49 d), F2

(IE-124, 56 d) and F2 (IE-256, 49 d) (Table 1). Mushroom

yields were significantly affected by strain (F = 28.46,

df = 3, p = 0.001), formula (F = 120.36, df = 2, p = 0.001)

and their interactions (F = 24.68, df = 6, p = 0.001). The to-

tal production of fresh mushrooms produced varied be-

tween 437.7 (C-IE-40) to 1952.9 g (F1-IE-124) (p < 0.05).

The number of harvests obtained for all the strains from the

inoculated substrate using each formula was two. In gen-

eral, 50% to 72% of the total production was obtained dur-

ing the first harvest. The highest production percentage

observed for the first harvest was that of the substrate inoc-

ulated with the supplemented spawn (Table 1).

Mushroom yields per size group during the first and

second harvest were significantly affected by strain and

formula (Table 2). Mushrooms produced from the substrate

inoculated with control (C) spawn were mainly of three

sizes, with the exception of the IE-124 strain that also pro-

duced a size G4. Mushrooms of G2 and G3 sizes were pre-

dominant in the first and second harvests. The greatest

presence of G2 in the substrate inoculated with C was for

strain IE-105 (60.3%) and strain IE-256 (53.1%) for the

first harvest, whilst these same strains produced mainly G3

mushrooms in the second harvest: 64.7% and 62.3%, re-

spectively. Substrate inoculated with C (all strains) aver-

aged 84% of the total production for G2 and G3 during the

first and second harvesting cycles. Substrate inoculated

with F1 yielded mushrooms in all four groups, with the ex-

ception of IE-105 which did not produce G4 mushrooms

during the first harvest and IE-256 which did not produce

G4 mushrooms in the first or second harvest. Strain IE-124

did not produce mushrooms of G1 size in either harvest but

developed abundant mushrooms of the remaining groups.

The predominant production corresponded to G2 and G3

mushrooms in the first harvest and G3 and G4 in the second

(p < 0.05). The greatest presence of G2 mushrooms in the

substrate inoculated with F1 in the first harvest was for

IE-105 (60.8%) and IE-256 (59.0%) (p < 0.05). These same

strains produced mainly G3 mushrooms in the second har-

vest: 49.59% and 49.88%, respectively. The IE-124 strain

stands out in both harvests where it generated more than

55% G4 mushrooms (> 15 cm). The substrate inoculated

with F1 yielded 66% of G2 and G3 mushrooms in the first

harvest and more than 68% G3 and G4 in the second.

Substrate inoculated with F2 produced mushrooms

mainly of three sizes in the first harvest, with the exception

of the IE-124 strain which produced G4 mushrooms, whilst

in the case of the second harvest, all strains developed

mushrooms of four sizes with the exception of IE-256

strain which did not produce G4 mushrooms. IE-105 did

not produce G1 mushrooms but the best represented groups

sizes were from G2 to G4. The predominant production of

all strains corresponded to G2 and G3 for both harvests. A

greater presence of G2 mushrooms for the first harvest was

observed for IE-105 (56.6%) and IE-256 (45.4%), but

52.2% of G4 mushrooms was also recorded for IE-40. For

IE-105, 40.6% of G4 mushrooms were produced in the sec-

ond harvest while IE-256 produced 44.1% of the G3 cate-

gory. IE-124 strain stands out as producing mushrooms of

G4 size in both harvests, 34.4% in the first and 28.8% in the

second. In general, the groups with the greatest representa-

tion were G2 and G3 with the larger size corresponding to

the substrate inoculated with F1 and F2, F1 producing more

G4 mushrooms.

The BE was significantly affected by strain

(F = 28.46, df = 3, p = 0.001), formula (F = 120.36, df = 2,

p = 0.001) and their interactions (F = 24.68, df = 6,

p = 0.001). The average BE for pasteurized wheat straw

ranged between 66.0% (C-IE-256) and 320.1% (F1-IE-

124) showing an average per formula of 77.8% (C), 188.3%

(F1) and 110.7% (F2) with a statistical difference between

the three types of spawns (p < 0.05). The lowest BE per

strain was recorded for IE-256 (95.7%) and the highest for

IE-124 (170.7%). BE means were statistically different at p

< 0.05 among all four strains. Each strain manifested its

highest BE when the substrate was inoculated with F1 and

F2 (Table 3).

The PR was significantly affected by strain

(F = 22.16, df = 3, p = 0.001), formula (F = 100.59, df = 2,

p = 0.001) and their interactions (F = 21.59, df = 6,
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Table 2 - P-values from analysis of variance (ANOVA) for mushroom

size of Lentinula edodes harvested from pasteurized wheat straw inocu-

lated with the control, formula 1 and formula 2.

First harvest

Effect DF F p*

Strain 3 4.27 0.0056

Formula 2 28.99 0.0001

Size 3 68.99 0.0001

Strain x Formula 6 5.56 0.0001

Strain x Size 9 23.69 0.0001

Formula x Size 6 4.91 0.0001

Strain x Formula x Size 18 4.12 0.0001

Second harvest

Strain 3 25.71 0.0001

Formula 2 31.72 0.0001

Size 3 81.40 0.0001

Strain x Formula 6 11.68 0.0001

Strain x Size 9 14.09 0.0001

Formula x Size 6 7.91 0.0001

Strain x Formula x Size 18 7.83 0.0001

*p values < 0.05 were considered significant.



p = 0.001). The average PR ranged between 0.3% (C-IE-

40) and 3.4% (F1-IE-124), showing an average per formula

of 0.8% (C), 2.07% (F1) and 1.1% (F2) (Table 4). Differ-

ences were statistically significant (p < 0.05). The strain

which presented the lowest PR was IE-256 (1.0%) with no

statistical difference with the IE-105 strain (p > 0.05) and

the highest the IE-124 (1.8%), statistically different from

all the other strains (p < 0.05). The PR values followed a

similar trend to the BE where the highest PR value was evi-

dent in the case of the substrate inoculated with F1 and F2

(Table 4).

Previous studies report shiitake cultivation on wheat

straw. Mata et al. (1998) used wheat straw pasteurized at

65 °C and supplemented. In that study, BE was 38% and

44%. However, Savoie et al. (2000) obtained a BE of ap-

proximately 60% using pasteurized wheat straw and Gai-

tán-Hernández and Mata (2004) reported a BE of 46.9%

and 50% when they used two strains of shiitake on wheat

straw, in this case pasteurizing through hot water immer-

sion. Gaitán-Hernández et al. (2006) used sterilized wheat

and barley straw in the cultivation of four shiitake strains.

In that study, BE of 49% in wheat straw and 77% in barley

straw were obtained. In the present higher BE were reached

utilizing pasteurized substrate and supplemented spawn.

The BE values reported in previous studies vary according

to the strain, substrate, supplements and treatments used

(Mata and Gaitán-Hernández, 1994; Salmones et al., 1999;

Leifa et al., 2000; Morais et al., 2000; Pire et al., 2001;

Philippoussis et al., 2003, 2007; Rossi et al., 2003; Fung et

al., 2005). Nevertheless, very few studies have been carried

out to improve the spawn and prove its effect in the growth

and production of shiitake (Royse, 1996; Mata et al., 2002).

The average PR reported in our study are higher than

those cited by Gaitán-Hernández et al. (2006) in shiitake

cultivated on barley straw and sterile wheat straw: 1.1%

and 0.6%, respectively. On the other hand Royse (1985) re-

ported PRs of 0.2% and 0.7% when shiitake was grown on

enriched sterile sawdust.

Delpech and Oliver (1991) evaluated shiitake yields

grown on supplemented and steam pasteurized (60 °C for

24 h) wheat straw. Yields values were between 11.9% and

15.9%, far lower than those obtained in the present study,

where average yields (Y) per each formula were 23.7% for

C, 57.4% for F1 and 33.7% for F2 (Table 5) and where the

highest value for the substrate inoculated with F1 of the

IE-124 strain was 97.6%. The Y was significantly affected

by strain (F = 28.46, df = 3, p = 0.001), formula

(F = 120.36, df = 2, p = 0.001) and their interactions

(F = 24.68, df = 6, p = 0.001). These yields are also higher

than those reached by Kilpatrick et al. (2000) using sterile

wheat straw (5% to 31%) supplemented with wheat bran

and millet. In general, based on BE, PR, and Y values and

the size of the mushrooms produced, the best spawn formu-

lation was F1 and IE-124 was the most productive strain.

In the present work higher BE, PR and Y were

reached utilizing pasteurized substrate and supplemented

spawn. The reason for this remains unknown, but may be

related to the supplementation with nutrient added at each
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Table 3 - Biological efficiency (%) of Lentinula edodes strains on pasteurized wheat straw inoculated with three types of spawn.

Strain

Formula IE-40 IE-105 IE-124 IE-256 Means

C 77.6 � 32.3c 93.1 � 24.8d 74.4 � 31.33b 66.0 � 15.4a 77.8a

F1 170.1 � 37.1h 136.6 � 20.5g 320.1 � 44.5i 126.5 � 20.2f 188.3c

F2 110.2 � 25.1d 120.5 � 21.5e 117.6 � 30.5e 94.5 � 34.1d 110.7b

Means 119.3b 116.7ab 170.7c 95.7a

Values are mean � standard deviation. Means that do not have at least one letter in common of each strain in three formulae and only among means are sig-

nificantly different (Tukey p < 0.05).

Table 4 - Production rate (%) of Lentinula edodes strains on pasteurized wheat straw inoculated with three types of spawn.

Strain

Formula IE-40 IE-105 IE-124 IE-256 Means

C 0.3 � 0.4b 1.0 � 0.2c 0.9 � 0.3b 0.6 � 0.17a 0.8a

F1 1.9 � 0.4f 1.3 � 0.3e 3.4 � 0.5h 1.49 � 0.2f 2.0c

F2 1.2 � 0.2c 1.3 � 0.2d 1.1 � 0.2c 0.9 � 0.3c 1.1b

Means 1.3b 1.2ab 1.8c 1.0a

Values are mean and � are standard deviations. Means that do not have at least one letter in common of each strain in three formulae and only among

means are significantly different (Tukey p < 0.05).



spawn type (wheat bran, powdered wheat straw). On the

other hand, the strain’s capacity to invade this substrate is

related to the shiitake’s strain adaptation to the particular

system.

Mature fruiting bodies produced on the substrate in-

oculated with each spawn formulation show a normal de-

velopment and morphology. The proximate composition of

the fruiting bodies of Lentinula edodes was significantly af-

fected by strain and formula (Table 6, 7). The protein con-

tent was high, particularly in the case of F1-IE-40 and

F1-IE-105 showing a positive correlation in its biological

efficiency (r2 = 0.74). These results coincide with those

registered by Salmones et al. (1999) and Morais et al.

(2000) for fruiting bodies obtained from different sterile

substrates, as well as those cited by Philippoussus et al.

(2007) for mushrooms harvested from sterile supplemented

wheat straw (18% d.w). The ash and raw fat contents were

also similar to those reported by Morais et al. (2000) for

mushrooms cultivated on sterile wood shavings. A varia-

tion in the ash content was observed according to the spawn

formulation. However, there were no statistical differences

(p > 0.05) for C and F1 for IE-105 or IE-256 strain.

The fat content ranged from 1.1 (F1-IE-40) to 2.1%

(F2-IE-105) of dry matter and differed among the formulae

(p < 0.05). Carbohydrates varied from 58.8% (F1-IE-40) to

66.1% (F1-IE-256) and were higher than those cited for
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Table 5 - Yield (%)1 of Lentinula edodes strains on pasteurized wheat straw inoculated with three types of spawn.

Strain

Formula IE-40 IE-105 IE-124 IE-256 Means

C 23.6 � 9.8c 28.4 � 7.5d 22.6 � 9.5b 20.1 � 4.7a 23.7a

F1 51.8 � 11.3h 41.6 � 6.2g 97.6 � 13.5i 38.5 � 6.1f 57.4c

F2 33.6 � 7.6d 36.7 � 6.5e 35.8 � 9.3e 28.8 � 10.4d 33.7b

Means 36.3b 35.6ab 52.0c 29.1a

Table 6 - Analysis of variance (ANOVA) for the proximate composition of the fruiting bodies of Lentinula edodes harvested from pasteurized wheat

straw inoculated with different types of spawns.

Factor Effect DF F p*

Strain 3 3.20 0.0412

Moisture Formula 2 9.13 0.0011

Strain-Formula 3 8.89 0.0001

Strain 3 77.10 0.0001

Ash Formula 2 58.27 0.0001

Strain-Formula 6 94.62 0.0001

Strain 3 42.97 0.0001

Crude fat Formula 2 41.14 0.0001

Strain-Formula 6 19.07 0.0001

Strain 3 32059 0.0001

Crude protein Formula 2 59857 0.0001

Strain-Formula 6 68701 0.0001

Strain 3 18.0 0.0001

Carbohydrates Formula 2 23.9 0.0001

Strain-Formula 6 43.5 0.0001

Strain 3 18.2 0.0001

Energy value Formula 2 6.4 0.0057

Strain-Formula 6 26.9 0.0001

*p values < 0.05 were considered significant.



Agaricus sp. (59.9%) but lower than those cited for

Pleurotus spp. (74%) (Mendívil-Salmón et al., 2001). Car-

bohydrate contents were also lower than those obtained by

Gaitán-Hernández et al. (2006) for shiitake produced on

sterile wheat straw (75.8-79.2%). The energy values of the

mushrooms reported in this study ranged from 302.9 kcal

(F1-IE-40) to 332.0 kcal (F1-IE-256) and were lower than

those cited by Gaitán-Hernández et al. (2006) for shiitake

mushrooms grown on sterile wheat straw (377.4-

388.0 kcal).

The selection of a good spawn adapted to these condi-

tions is critically important to ensure a high production of

bodies in the shortest time possible. The bioconversion pro-

cess of pasteurized wheat straw using a nutritionally sup-

plemented spawn offers the possibility to increase yield and

generate an alternative food product containing high per-

centages of total carbohydrates and proteins with an equiv-

alent or higher nutritional value when compared to other

food products.

The research clearly demonstrates the need for well

specified strain and spawn combinations for any produc-

tion and that any farmer needs to carefully evaluate any

change to his production practices.
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