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Abstract

Three specialty mushrooms produced commercially in Thailand, including Abalone mushroom
No. 03 (Pleurotus cystidiosus O. K Miller), Hed Kon mushroom No. 02 (Lentinus squarrosulus
Mont.) and Teenpok mushroom (Lentinus sajor-caju) were cultivated in four liquid media, i.e.
PDB, media contained liquid extracts of water hyacinth leaves at 20, 30 and 40 g I'! in order to
select the most suitable medium for the production of flavor enhancing 5’-nucleotides. The results
showed that the maximum 5 -nucleotides of 15.09 and 14.97 mg g' dry weight were produced
from Teenpok mushroom cultivated in media containing liquid extracts of water hyacinth leaves at
30 and 40 g I'!, respectively. The maximum 5 -nucleotides of 12.75 mg g! was produced from
Hed Kon mycelia cultivated in PDB.
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1. Introduction

Five basic tastes have been identified as saltiness, sourness, sweetness, bitterness and savouriness
(umami). In Japan, the term “umami” is used for savoury taste, whose character literally means
delicious. The umami taste or palatable taste has characteristic qualities that differentiate it from
other taste, including a taste-enhancing synergism between two umami compounds, L-glutamate
and 5'-nucleotides such as inosinate and guanylate. Glutamate and nucleotides are present in many
foods and play important roles in the taste, palatability and acceptability of foods. This distinctive
taste was first discovered in 1908 by Ikeda [1]. In many foods, either a high concentration of
glutamates or of the 5'-nucleotides such as inosine-5'-monophosphate (IMP) and guanosine-5'-
monophosphate (GMP) are present [2-4]. However, both glutamate and nucleotides occur in some
dried seaweed [3], in the cultivated mushroom Agaricus bisporos [5] and in dried shiitake
mushrooms [3]. Fruits generally contains little glutamate, IMP or GMP [3, 4].
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Water hyacinth (Eichhornia crassipes), a fast growing aquatic weed widely distributed
throughout the world, can cause infestations over large areas of water resources and consequently
lead to a series of problems such as reduction of biodiversity, blockage of rivers and drainage
system, depletion of dissolved oxygen, alteration of water chemistry, and involvement in
environmental pollution. Therefore, attempts have been made to prevent the spread of, or
eradication of, water hyacinth. On the other hand, much attention has been focused on the
applications of water hyacinth in industries and agriculture since the supply of water hyacinth is
almost unlimited and cost-free [5,6]. It can be used as an alternative substrate for oyster mushroom
cultivation [7-10].

Mushrooms are commonly used as food and food flavoring substance and also as
traditional medicines [11]. The typical flavor of mushrooms consists of nonvolatile components
including 5' - nucleotides, free amino acids and soluble sugars and sugar alcohols (polyols) [12].
Common mushroom or button mushroom (Agaricus bisporus (Lange) Imbach) and paddy straw
mushroom (Volvariella volvacea) were the two mushroom with the most umami taste [13].
Nonvolatile test components of several specialty mushrooms, commercial mushrooms, medicinal
mushrooms and canned mushrooms were examined [14-17]. It was observed that some
mushrooms contained higher amount of taste components than the others. In Thailand, many
edible mushrooms including abalone mushroom (Pleurotus cystidiosus O.K Miller), Hed Kon
mushroom (Lentinus squarrosulus Mont.) and Teenpok mushroom (Lentinus sajor-caju), are
produced commercially as food. In order to add more value to edible mushroom, cultivating them
as filamentous fungi for food enhancer is another option. Therefore, the objective of this research
was to cultivate edible mushrooms as filamentous fungi in liquid media using extracts of water
hyacinth leaf as substrate for nucleotide production.

2. Materials and Methods

2.1 Mushrooms

Pure cultures of Abalone mushroom no. 03 (Pleurotus cystidiosus O.K Miller), Hed Kon
mushroom isolate no. 02 (Lentinus squarrosulus Mont.) and Teenpok mushroom (Lentinus sajor-
caju) were purchased from Thailand Mushroom Culture Collection Centre, Bangkok, Thailand.
The mycelia were maintained on Potato Dextrose Agar (PDA, Difco Laboratories, Sparks, MD) at
30+2°C and subcultured every 7 days. Mycelial broth was prepared by inoculating mycelial
culture into 5 ml sterile distilled water.

2.2 Preparation of liquid extracts of water hyacinth leaves

Fresh water hyacinth plants were sampled from large floating masses in Khlong Prawet Buri Rom,
Ladkrabang district, Bangkok, Thailand. The plants were thoroughly washed with distilled water;
mature leaves were dried at 60°C in hot air oven for 16 h, and then ground to powder (100 mesh)
using a blender. Three concentrations of water hyacinth leaf extracts were prepared using the
powder: 20 g I'!, 30 g I'! and 40 g I'!. Each preparation was heated at 100°C for 10 minutes, and
then filtered through whatman paper no.1. After filtration, 0.5 g I'! of MgSO4 and 2.5 g I'! of
KH>PO,4 were added to each of the preparations and final pH was adjusted to 5.5 using HCI; 100
ml of each concentration were added into 250 ml flasks, and then autoclaved at 121°C for 15 min
[18].
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2.3 Mycelial cultivation

One ml of mycelial broth of each isolate was inoculated into 250 ml flasks containing 100 ml of
four liquid media i.e. PDB, liquid extracts of water hyacinth leaves at 20, 30 and 40 g 1" and
incubated at 30+2°C for 7 days at 120 rpm. After 7 days of incubation, these mycelia were
harvested by filtering through whatman paper no.1. The mycelial mass were washed twice with
distilled water and filtered before freezing at -20°C prior to further analysis.

2.4 Assay of S'-nucleotides

5'-nucleotides were analysed using a method modified from Taylor et al. [19]. The mycelial
samples kept at -20°C were frozen with liquid nitrogen, and then ground using an agate mortar and
pestle, with the addition of 10 ml distilled water; then 1 ml of aqueous extract was centrifuged at
12,000 rpm for 15 min. The aqueous extract was filtered through 0.45um filter paper prior to
injection into a high-performance liquid chromatograph (HPLC) (Platinum EPS C18, Sum, 150 x
4.6 mm Column) using the following conditions for analysis: mobile phase (2.0 M
KH,PO4/H3POy), pH 4.0, flow rate of 0.7 ml/min, and UV detection at 254 nm. Each 5'-nucleotide
was quantified by the calibration curve derived from the standard 5'-nucleotide: disodium-5'-
guanosine monophosphate (5’-GMP), disodium-5'-inosine monophosphate (5'-IMP) and disodium-
5'-xanthosine monophosphate (5'-XMP).

2.5 Statistical analysis

Three replicates of samples were used and the experimental data were subjected to an analysis of
variance (ANOVA) using a completely random design. Duncan’s New Multiple Range Test
(DMRT) was used for mean comparison to determine the least significant difference at 0.05
(P<0.05).

3. Results and Discussion

3.1 Growth of mycelial mushroom in four liquid media under shake flask conditions
Abalone mushroom no. 03, Hed Kon mushroom no.02 and Teenpok mushroom were cultivated in
four liquid media i.e. PDB, liquid extracts of water hyacinth leaves at different concentrations (20,
30 and 40 g I'") under shake flask condition for 7 days. The results showed that these mushrooms
cultivated in PDB gave higher dry weight (g 1"!) than in liquid extracts of water hyacinth leaves
(Table 1).

3.2 Production of 5’-nucleotides
The amount of total 5'-nucleotides (5'-GMP, 5'-IMP and 5’-XMP) produced by three mushrooms
were calculated in both mg g dry weight and mg I"' medium. From Table 2, the maximum
production of 5'-nucleotides in mg g' dry weight was produced from Teenpok mushroom
cultivated in liquid extracts of water hyacinth leaves at 30 and 40 g I"' followed by Hed Kon no.02
cultivated in PDB with the amounts of 15.09, 14.97 and 12.75 mg g! dry weight, respectively.
When the amount of 5’-nucleotides were calculated in mg I"! medium, it was found that Hed Kon
n0.02 cultivated in PDB gave the highest yield of 51.43 g I"! followed by Teenpok mushroom
cultivated in liquid extracts of water hyacinth leaves at 40 g I'! and in PDB with the amounts of
37.11 and 32.01 mg I'!, respectively (Table 3).

Flavour 5'-nucleotides were found to be disodium-5'-guanosine monophosphate (5'-
GMP), disodium-5'-inosine monophosphate (5’-IMP) and disodium-5’-xanthosine monophosphate
(5'-XMP) [20]. Liquid fermentation methods have been reported to be an important means of
producing more uniform mycelia biomass from several types of medicinal mushroom for product
extraction and purification [21]. Contents of flavour 5 -nucleotides could be divided into three
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ranges: low (<1 mg g'), middle (<1-5 mg g™') and high ranges (<5 mg g) and the content of 5'-
nucleotides in mushroom mycelia was in the high range whereas that in fruit bodies was in the low
range [22]. Huang et al. [23] found that the contents of total and flavor 5'-nucleotides were high in
mycelia of Cordyceps militaris (26.27 and 9.34 mg g). In addition, Nageswaran et al. [24]
reported that the substrate of 25% water hyacinth in combination with 74% paddy straw gave
higher oyster mushroom production than paddy straw alone. Marcelo et al. [25] found that wood
waste and agricultural waste are important inputs in the production of mushroom especially the
edible mushroom. These findings are similar to our finding that mushroom mycelia produced in
liquid extracts of water hyacinth gave high amount of 5 -nucleotides.

Table 1 The mycelial dry weights (g I'') of Abalone mushroom no. 03 (Pleurotus cystidiosus O.K
Miller), Hed Kon mushroom no. 02 (Lentinus squarrosulus Mont.) and Teenpok mushroom
(Lentinus sajor-caju) under shake flask conditions.

Mushrooms Dry weight (g 1')*
PDB Liquid extract of  Liquid extract of  Liquid extract of
water hyacinth water hyacinth water hyacinth
(20 g1 (30gl™h (40 g1
Abalone no. 03 1.51+0.06 0.45+0.02¢ 0.57+0.00° 0.62+0.02°
ed Kon no. 02 4.03+£0.032 1.36+0.06¢ 1.7540.05¢ 2.22+0.02°
Teenpok 3.70+0.08? 1.07+0.07¢ 1.9240.05° 2.48+0.09°

* Means with different letters differ significantly at P < 0.05

Table 2 Content of total 5'-nucleotides (mg g™ dry weight) in mycelia of Abalone mushroom no.
03, Hed Kon mushroom no. 02, and Teenpok mushroom under shake flask conditions.

Mushrooms 5'-nucleotides (mg g! dry weight)*
PDB Liquid extract of  Liquid extract of  Liquid extract of
water hyacinth water hyacinth water hyacinth
(20 g1 30glh (40g1H
Abalone no. 03 0.58+0.024 10.93+0.572 8.34+0.10° 9.75+0.31b
Hed Kon no. 02 12.75+0.08? 5.35+0.25°¢ 6.47+0.18° 6.54+0.05°
Teenpok 8.65+0.19° 7.57+0.51¢ 15.09+0.472 14.97+0.55%

* Means with different letters differ significantly at P < 0.05

Table 3 Content of total 5'-nucleotides (mg 1'!) in mycelia of Abalone mushroom no. 03, Hed Kon
mushroom no. 02, and Teenpok mushroom under shake flask conditions.

5'-nucleotides (mg I'

Mushroom PDB Liquid extract Liquid extract Liquid extract
of water of water of water
hyacinth hyacinth hyacinth
(20g1h (30glh (40glh

Abalone no. 03 0.8940.00 & 4.94+0.01 4.8140.011 6.10+0.00
Hed Kon no. 02 51.4340.18 7.2740.02" 11.35+0.04 ¢ 14.57+0.01 ¢
Teenpok 32.01+0.03 ¢ 8.10+0.02¢ 28.9+0.13 ¢ 37.11+0.01°

* Means with different letters differ significantly at P <0.05
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4. Conclusions

It can be concluded that dried water hyacinth leaves at 30-40 g | can be used as liquid medium for
the production of 5'nucleotide by mycelia of Teenpok mushroom. Water hyacinth has an
advantage over other substrates for it is plentiful and cost-free. The use of water hyacinth could
also reduce the aquatic weed problem to some extent.
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