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Abstract Colorimetric pH indicators were examined for 
their use in judging the culture maturity of sawdust-based 
cultures of shiitake, Lentinula edodes (Berk.) Pegler. 
Bromophenol blue (BPB) was the preferred indicator for 
judging culture maturity. Culture pH changes were detected 
as changes in color from bluish purple to yellow by direct 
spraying. The pH values of such cultures varied from 6.3 
before inoculation to 4.0 during the fruiting stage. Culture 
maturity assessment can be used to control fruit body flush 
timing. Measurement of BPB staining in L. edodes sawdust- 
based cultures showed a good correlation with fruit body 
yield of the first flush. This method was concluded to be of 
value for detecting fruiting potential and therefore may be 
useful for evaluating flush timing for L. edodes cultivators 
using sawdust-based methods. 
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Introduction 

Shiitake, Lentinula edodes (Berk.) Pegler, cultivation on 
sawdust-based substrates consists of two phases--first veg- 
etative growth and then fruit body formation--totaling 
about 120 days. These two phases differ in the physiology 
of their culture conditions. The cultures are contained in 
polypropylene bags during the mycelial vegetative phase; 
the bags are then removed, and the cultures are placed 
under fruiting conditions. Various culture conditions, in- 
cluding moisture content, water potential, ~ strain types, 2 and 
substrate constitutions, 3 influence mycelial growth and sub- 
sequent culture maturity. The gas atmosphere composition 
also affects the maturity. 4'5 The length of the vegetative 
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stage 6'7 and various enzyme activities s can also directly affect 
the fruiting capacity. 

The timing of the transfer operation of the culture from 
the vegetative growing chamber to the fruiting chamber is 
one of the most important stages influencing the fruit body 
formation rate. This process must be done according to the 
degree of culture maturity. Although accurate assessment 
of the maturity of sawdust-based cultures is necessary for 
controlling the timing to induce fruit body flushing, the 
maturity of the culture is usually judged by the experience 
of the grower. A method for evaluating culture maturity is 
essential for high yields of fruit body production and excel- 
lent quality of fruit bodies. 

Certain chemicals, including pH indicators, have been 
found to be of use for determining wood pH and species of 
board and for assessing wood decay. A method was devel- 
oped to determine the pH of wood surfaces using colorimet- 
ric indicators. 9 Use of a chemical indicator provides a 
quicker, simpler method of distinguishing spruce and fir 
boards. ~° Color indicators were considered suitable for use 
in detecting internal decay in pine poles. 11 Various colora- 
tions produced by chemical reagents were investigated on 
log wood used for L. edodes cultivation. ~2 It has been shown 
that bromophenol blue (BPB) is the most useful reagent for 
assessing log wood maturity. The purpose of this study was 
to find a colorimetric method using a pH reagent that would 
rapidly measure the mycelial biomass of the culture and 
culture maturity so we could predict the fruiting capacity in 
L. edodes in sawdust-based cultures. 

Materials and methods 

Strains 

Twelve strains of L. edodes belonging to three fruiting types 
were used (they were maintained in the Kyushu University 
Forests culture collection). Strains KS-5, KS-9, KS-10, and 
KS-46 are wide-range temperature types. Strains KS-43, 
KS-53, KS-58, and KS-60 are warm-weather types. Strains 



70 KS-6, KS-22, KS-24, and KS-50 are cold-weather types. All 
of them are used extensively in Japanese commercial culti- 
vation of L. edodes. 

Culture media and growth conditions 

Cultures were grown on a sawdust-based substrate consist- 
ing of Quercus mongol ica sawdust (70% dry wt), wheat 
bran (10%), rice bran (10%), and bean curd refuse (10%), 
with water added to give a final moisture content of 60%. 
Polypropylene bags were filled with medium ( lkg  wet wt) 
and then were autoclaved at 120°C for l h, cooled, and 
through spawn inoculated with 10g sawdust spawn. The 
bags were then capped and placed in a controlled environ- 
ment for incubation. The bags were incubated for the veg- 
etative growth period at 20°C for 90 days and then 
transferred to the production room at 17°C for fruit body 
initiation and development. Fruit body formation for the 
first crop continued for 30 days. Twenty cultures were tested 
for each of the 12 strain types. 

Coloration produced by spraying with pH indicators 

The pH indicators used were BPB (which is yellow at pH 
3.0 and bluish purple at pH 4.6), bromocresol green (BCG) 
(yellow at pH  3.8 and blue at pH  5.4), and the combined 
indicator methyl orange + indigo carmine (MO + IC) 
(changes from red to yellow at pH 4.1). All reagent concen- 
trations were lg/1 in 95% ethanol solution except for IC, 
which was 2.5 g/1 in distilled water. The pH indicators were 
sprayed directly from a handheld spray bottle to the cut 
surfaces of sawdust-based cultures. The immediate color 
change and that after 30min were the most  useful. Color 
change was recognized immediately by the naked eye and 
was then measured with a Minolta CR-200 colorimeter. 12 
The color was also determined by Muncell numbers 
with the use of a color chart. The color phase can be ob- 
tained by the L*a*b* mode (CIE-1976): a* value, reddish; 
b* value, yellowish. The AE*ab values were obtained as 
follows: AE*ab = [(AL*)2 + (Aa*) a + (Ab*)2] m. The pH 
value of cultures were measured on sawdust-based culture 
mixed 1:20 (w/w) with deionized water. All test cultures 
were prepared at least in triplicate. 

Results and discussion 

Coloration with BPB 

The maturity of the sawdust-based cultures was determined 
by staining with BPB solution. BPB was the preferred indi- 
cator and when used at a 0.1% concentration produced 
various-intensity yellowish b* values. Using 95 % ethanol as 
a solvent for the BPB reagent produced better coloration 
than distilled water. The indicator solution was easily ap- 
plied with a handheld spray bottle. 

As shown in Fig. 1, the b* value of the yellowish intensity 
increased with culture maturity. BPB on the sawdust-based 
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Fig. 1. Changes of b* value with coloration by bromophenol blue 
(BPB) staining on the sawdust-based culture of Lentinula edodes. 
Filled circles, staining; open circles, nonstaining. The values are means 
-+ standard deviations of 12 strain types, which were tested in triplicate 
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Fig. 2. AE*ab values of sawdust-based culture of L. edodes staining 
with and without BPB. Filled bars staining; open bars, nonstaining. The 
AE*ab values indicates the degree of color differences between the 
various ages of cultures: A, 30 and 60 days; B, 60 and 90 days; C, 90 and 
120 days. AE*ab values were calculated as follows: AE*ab = [(AL*) 2 + 
(Aa*) 2 + (Ab*)2] u2. This value can also be calculated automatically 
with a colorimeter. The values are means -+ standard deviations of 12 
strain types, which were tested in triplicate 

culture was purple during the early stage day 30 and then 
steadily increased with a b* value to yellowish with further 
of incubation periods and finally revealed a rapid increase 
at the fruiting stage from days 90 to 120. Color differences 
are indicated by the value of AE*ab in Fig. 2. Although 



433 

> 
-r- 
D.. 

3 ~ TM ~ ~'~ 

30 60 90 120 

(_9 LD 
r~ 

(D 
o + 

Cultivation t ime (days) 

c-  
¢9 

(o3 

c "  

O 

>- 

300 

250 

200 

150 

100 

50 

2 

3 
• 1 

10 o ~ • / /  4 

5 9 3 /  
~w 11 

Ii./// • 6 
I I I I I 

0 15 20 25 30 35 

y= l l . 30x -  160.45 
R 2 = 0.8618 

Fig. 3. pH values of cultures at various ages. Bromophenol blue (BPB) 
is yellow at pH 3.0 and bluish purple at pH 4.6. Bromocresol green 
(BCG) is yellow at pH 3.8 and blue at pH 5.4. The combined indicator 
methyl orange + indigo carmine (MO + [C) changes color at pH 4.1 
(acid: red; alkaline: yellow). The values are means ± standard devia- 
tions of 12 strain types, which were tested in triplicate 

differences were not  dist inguished in t rea ted  cultures, BPB 
spraying t rea tment  was useful for evaluat ing a culture matu- 
r i ty increase with incubat ion days. In re la t ion to surface 
drying of the sawdust  cultures, it was de te rmined  that  a 
freshly p repa red  culture surface was not  ideal  for producing 
the best  color reaction.  Factors  that  improved  the colori-  
metr ic  react ion could be p roduced  by drying the culture cut 
surface. One such factor was mois ture  content,  which can 
affect p H  values. 9 R e a d  et al. 9 r epor ted  a change in the p H  
of western red  cedar  from 4.3 to 5.3 as the mois ture  content  
was var ied  f rom 20% to 70%; for western hemlock they 
found a change from 4.0 to 4.8 as the moisture  content  
increased f rom 10% to about  55%. 

This change in colorat ion reflects the culture p H  
drop associated with various metabol ic  products .  The initial 
p H  of the culture was a round  6.0 just  after autoclaving, and 
the p H  of the culture changed f rom 5.0 to 4.0 (Fig. 3). 
Lentinula edodes produces  metabol ic  products ,  and acids 
accumulate  in the growth cultures. The product ion  of such 
acids and the consequent  lowering of the p H  of the colo- 
nized culture was used to evaluate  culture maturi ty.  The 
present  study uti l ized this react ion with the color indicator  
BPB. 

Rela t ion  be tween  b* value by BPB staining and crop 
yield 

The re la t ion of the b* values and fruit body yield rate  in the 
first crop was posit ive (Fig. 4). The  fruit  body yield was 
es t imated by the test of colora t ion on spraying the BPB 
indicator.  The high b* value with BPB spraying corre la ted  
with culture maturi ty,  and this high value is also an indicator  

b* va lue 

Fig. 4. Relation between b* values and fruit body yield on the first 
flush. The b* values were measured on day 90 just before fruit body 
initiation. Strain types according to temperature preference are as 
follows: wide-range strains (1, KS-5; 2, KS-9; 3, KS-10; 4, KS-46); warm- 
weather strains (5, KS-43; 6, KS-53; 7, KS-58; 8, KS-60); cold-weather 
strains (9, KS-6; 10, KS-22; 11, KS-24; 12, KS-50) 

of the high quant i ty  of fruit body formation.  The  colorimet-  
ric me thod  was useful for determining the culture matur i ty  
for fruiting. In conclusion, BPB is considered a suitable 
reagent  for detect ing fruiting potent ia l  of sawdust-based 
cultures of L. edodes. 
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