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Abstract

The selected mushrooms (Oyster mushroom, Abalone mushroom and Shiitake mushroom) were
hydrolysed with papain enzyme at 50°C for the different time (6, 12, 18 and 24 hours) to get the mushroom
protein hydrolysates (Oyster mushroom, OMPH; Abalone mushroom, AMPH; Shiitake mushroom, SHMPH),
respectively. The result showed that degree of hydrolysis (%DH), total soluble solids (%TSS), sodium
chloride (%NaCl), %nitrogen, %protein and free amino acid content of all mushroom protein hydrolysates
(MPHSs) increased whereas pH value decreased with the increasing extraction time. The optimum MPHs
production related with the suitable hydrolysis time and %DH. The hydrolysis timing to produce the highest
%DH of OMPH, AMPH and SHMPH (46.54, 38.15 and 25.75) with papain were 18, 18 and 24 hours and
provide the highest total amino acid content (mg/100 ml) at 384, 157 and 110, respectively. Based on this
result, there is a possibility that Oyster mushroom, Abalone mushroom and Shiitake mushroom can be
produced the vegetable protein extracts using the enzymatic hydrolysis process and rendering the useful

ingredient for further food and nutraceutical applications.
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1. Introduction

Protein hydrolysate is a foodstuff obtained by hydrolysis of protein molecules and
become the important ingredients in food and medicinal products as a result of its functional
properties and nutritional values (Solina et al., 2007). It can be produced by hydrolysing food
materials such as soybean, corn, rice and wheat in acid, alkaline or/and enzyme hydrolysis but
the acid and alkaline methods produce toxins and lose nutrients (Howell, 1996). Enzymatic
hydrolysis is one of the fast, safe, simple, inexpensive and controllable method of protein
digestion producing short-chain peptides and free amino acids (Zarei et al., 2014). The
hydrolysis conditions such as time, pH, temperature and enzyme concentration influence
enzymatic activity resulting in the degree of hydrolysis (DH). Hence these offer possibilities to
control the process (Hall and Ahmad, 1992). The DH is the principal parameter to be used in

optimization to achieve desired protein hydrolysates (Sujith and Hymavathi, 2011).
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Mushroom is consumed in many countries as a delicacy, have a high nutritional value,
especially a peptide/amino acid, provide the specific aroma, taste and texture (Thanasukhon
et al., 2009; Zhu et al., 2015). Mushrooms contain biomolecules with nutritional and medicinal
properties which have been recognized as natural sources for the development of medicine
and nutraceutical products to diverse beneficial effect on human health (Alves et al., 2012; Ren
et al., 2012). Thus, mushroom is a suitable source for hydrolysed-protein treatment. The main
objective of this research was to study the selected mushrooms affected by hydrolysis

condition with papain enzyme on the physicochemical properties.

2. Materials and Methods
2.1 Materials and chemicals

Fresh mushrooms (Oyster mushroom; OM, Abalone mushroom; AM and Shiitake
mushroom; SHM) were purchased from one of the locally market in Bangkok, Thailand. Papain
enzyme was purchased from Siam Victory Chemicals Co., Ltd, Thailand. The standards for
amino acid analysis were ordered from Sigma-Adlirch Chemical Co., USA. All chemicals and
standards used in this study were analytical grade, except chemicals and standards for amino
acid analysis (HPLC grade).
2.2 Production of mushroom protein hydrolysate

The enzymatic hydrolysis was processed according to a previously described method
of Thanasukhon (2009). Fresh mushrooms were cleaned with tap water and dried in tray dryer
at 50 + 2°C for 17 + 2 hours. The moisture content (£ 5%) of all samples was measured for
process control using the AOAC procedure (2000). Each dried mushroom was ground with
blender for 1 minute and stored in polyethylene bag until used. Ground mushroom was mixed
with water at the ratio of 1:20 (w/v) and adjusted to pH 6.5 with 0.1M NaOH. The mixture was
continuously pre-heated at 50°C for 15 minutes using a shaker and then hydrolysed via papain
enzyme at a concentration of 15% (w/w). The production was followed by varying hydrolysis
time to 6, 12, 18 and 24 hours at 50°C. After hydrolysis, the enzymes were deactivated at 95°
C for 20 minutes. Each mixture was centrifuged at 7,000 rpm. The supernatant was
precipitated and kept in closed-glass bottle at 4 - 10°C for overnight. Base on this production,
mushroom protein hydrolysates from Oyster mushroom, Abalone mushroom and Shiitake
mushroom were labeled as OMPH, AMPH and SHMPH, respectively.
2.3 Analytical methods

The degree of hydrolysis (DH) of mushroom protein hydrolysates (MPHs) via the
papain was determined according to protocol of Netto and Galeazzi (1998). This method is

based on the amount of nitrogen released by protein hydrolysis in the presence of a precipitate

© 2016 Agro-Industry, Chiang Mai University

162




Food and Applied Bioscience Journal, 2016, 4(3): 161-170

agent, such as, trichloroacetic acid (TCA). TCA solution (20% w/v) was added into an equal
amount of sample at ratio 1:1. After 1 hour of precipitation at room temperature, the sample
was centrifuged at 10,000 rpm for 10 minutes to remove the insoluble protein. The supernatant
was collected to analyze nitrogen content using the combustion method (FP-528 LECO, MlI,
USA). %DH was calculated as following equation (1).

equation (1)

Each MPH was analyzed for chemical compositions such as %total soluble solid
content (%TSS), pH value and %sodium chloride (%NaCl) using the instruments as a hand-
held solid refractometer (PAL-1, ATAGO, Japan), a pH meter (Seven Easy, Mettler Toledo,
Switzerland) and a salinity refractometer (N-1E, ATAGO, Japan), respectively.

The total nitrogen content was determined by the thermal conductivity detection
method using a combustion analyser (FP-528 LECO, MI, USA). The nitrogen content was then
converted to equivalent protein using the Windows®-based operating software with a default
protein factor of 6.25.

The color of MPHs was measured by a colorimeter (Hunter Lab, Color Quest XE, USA)
using the CIE system (Diffuse/8° transmission). Sample (20 mL) was added into a rectangular
transmission cell with 10.0 mm path length, then placed at the sphere at the front of the
transmission compartment. The color was expressed as L*(0-100), a*(+/-) and b*(+/-)
parameters indicating darkness/lightness, redness/greenness and yellowness/blueness,
respectively. The colorimeter was calibrated with black and white standard plate.

The analysis of free amino acids in each MPH was performed at Central Instrument
Facility, Faculty of Science, Mahidol University, Bangkok, Thailand. Amino acid composition
was determined by high performance liquid chromatography system (Water Alliance 2695 with
heater Jasco FP 2020 fluorescence detector) and hypersil gold column C18 (4.6x150 m.m., 3
pm) using the following method of AOAC procedure (2000). Each amino acid was identified by
comparing the samples with a standard analyzed under the same conditions and quantified by
the calibration curve of the authentic compound.

2.4 Statistical analysis

All of the experiments were carried out in triplicate. The data analyses were performed
using the Microsoft EXCEL. Analysis of variance (ANOVA) was done to determine the
significance of the main effects and using Duncan's test with confidence level as p<0.05.

The chemical and color properties were reported as mean * standard deviation.
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3. Results and Discussion
3.1 Degree of hydrolysis (DH)

The rate of hydrolysis is an important parameter as referred to an enzymatic activity
and resulted in the degree of hydrolysis (DH), as shown in Figure 1. The highest %DH of
MPHs observation indicates the maximum cleavage of peptides. The curve of OMPH, AMPH
and-SHMPH showed an increased significant difference in hydrolysis rate for the first 0 - 12
hours (p<0.05) and remained steadily rate from 12 - 24 hours. Based on this result, it could be
concluded that the longer time of hydrolysis, the higher of %DH. It is possible that the longer
time facilitates the contact of enzyme and substrate. The more amount of hydrolyzed peptide
bond will be cleaved (Palupi et al., 2010) resulting the increasing the peptides solubility in TCA
solution (Haslaniza et al., 2010) and making %DH increased.

As shown in figure 1, the trend of %DH of OMPH is the highest throughout hydrolysis
process comparing with that of AMPH and SHMPH. The highest %DH of OMPH, AMPH and
SHMPH were 46.54%, 38.15% and 25.75%, that occurred at 18, 18 and 24 hours hydrolysis,

respectively.
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Figure 1 Degree of hydrolysis of mushroom protein hydrolysates from Oyster mushroom (OMPH), Abalone
mushroom (AMPH) and Shiitake mushroom (SHMPH) at 50°C within 0—24 hours.

““Different superscripts of each MPH indicate significant differences (p<0.05).
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3.2 Chemical properties

As shown in table 1, each MPH showed the decreasing of pH value from 6.46 to 4.42
(p<0.05) with the increased hydrolysis time. In contrast, the hydrolysis time increasing
exhibited the increased %TSS of MPHs (p<0.05). In addition, %NaCl of most MPHs also
increased with the increased hydrolysis time except OMPH. During the enzymatic hydrolysis,
plant materials are hydrolysed into small molecular weight of peptides, amino acids and
ammonia by the proteases (Howell, 1996). Reduction of the organic matter concentration in the
hydrolysis resulted in the increased soluble solid content (Shiau and Chai, 1999). Some alpha-
amino acids might be produced in the hydrolysis process, while the degree of ionization of free
carboxyl- and amino- groups are formed effecting on the drop of pH value (Shiau and Chai,
1999). In addition, salt may be formed during hydrolysis, resulting in the increasing of NaCl
content (BD Biosciences, 2009).

Likewise, %protein and %nitrogen of OMPH, AMPH and SHMPH are not significantly
different throughout the hydrolysis time. The range of %protein of OMPH, AMPH and SHMPH
were 0.60 — 0.73, 0.32 — 0.36 and 0.63 — 0.77 whereas %nitrogen of them were 0.10 — 0.12,
0.05 — 0.06 and 0.10 — 0.12, respectively. Nitrogen contents relating to protein contents, are
the important parameter used for grading the quality of hydrolysed products.

The changes of chemical composition of MPHs depend on the hydrolysis time. While
the hydrolysis time increased, the results showed the increasing of TSS, NaCl, nitrogen and
protein level with the decreasing of pH value in agree with Yanfang et al. (2009).

3.3 Color

Color parameters of MPHs from Oyster mushroom, Abalone mushroom and Shiitake
mushroom with different hydrolysis time are L*, a* and b* values shown in Table 1. L*, a* and
b* values of MPHs had significant differences (p<0.05) at the different hydrolysis time.
Obviously, the color of SHMPH exhibited the decreasing of lightness (L* value) and the
increasing of redness (a* value) and yellowness (b* value) while the hydrolysis time increased.
In general, the liquid of AMPH, OMPH and SHMPH had a yellow-brown color throughout the
hydrolysis time. The color change of SHMPH is in agreement with the research of Palupi et al.
(2010). The slightly brown of sample could be assumed that proteins in mushroom were
extensively hydrolysed with protease using the longer of hydrolysis time, its color change can
be attributed to the reaction between primary amine groups and glucose occurring in Maillard
reaction. This reaction will produce Maillard products having dark color. Furthermore, Maillard
reaction is influenced by several factors, such as substrate concentration, hydrolysis

temperature and time.
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In contrast, L* value of OMPH and AMPH increased but a* and b* values of them
decreased when the hydrolysis time increased. It was shown that the color of OMPH and
AMPH have a trend to be lighten with the increasing of hydrolysis time. It may be due to the
pigment compounds, anthraquinones in the oligomer form, being broken down by hydrolysis
reaction to be in the reduced form (anthranol, anthrone, anthrahydroquinone, and oxanthrone
derivatives) which it is colourless (VeliSek and Cejpek, 2011). Moreover, the differences in

peptide size and amino acid composition of MPHs might be responsible for the color change.

In general, color does not influence the functional properties of MPHs but it is an important

property to apply in food.

Table 1. Physiochemical properties and color of mushroom protein hydrolysate from Oyster

mushroom (OMPH), Abalone mushroom (AMPH) and Shiitake mushroom (SHMPH).

Physiochemical OMPH (hydrolysis time: hrs)

properties 6 12 18 24
%TSS 280+0.07°  290£003  290%000  3.10 £ 0.00°
pH 585+003  448+002°  450%001° 442001
%NaCl™ 2.60 + 0.00 2.60 + 0.00 260 £0.00  2.60 £ 0.00
%Protein” 0.60 £ 0.04 0.73  0.05 0.61+0.03  0.60 £ 0.04
%Nitrogen” 0.10 + 0.01 0.12 + 0.01 0.10 +0.018  0.10 £ 0.01
L* 8259 +0.01°  83.46+001°  84.03%0.03 84.47 +0.00°
a* 355+001° 2984001  257+001° 252000
b* 46.90 + 0.04°  44.15+003 42.89+0.02° 42.60 + 0.03
Physiochemical AMPH (hydrolysis time: hrs)
properties 6 12 18 24
%TSS 2.50 + 0.03° 2.70 £ 0.00° 3.10+0.32°  3.10+0.03°
oH 6.46 +0.02°  460+002°  456+004  454+0.02°
%NaCl 230+000°  2.80£000°  290%0.00  3.00 +0.00°
%Protein 0.32 £ 0.02 0.36 + 0.05 0.34 +0.03  0.34 £ 0.03
%Nitrogen” 0.05 + 0.00 0.06 + 0.01 0.05+0.01  0.05 % 0.00
L* 72624001 73924003  7562+0.02° 77.19+0.01°
a* 8.56+0.00°  554+001  533:001°  4.94+0.01°
b* 49.65 + 0.02° 4377 £0.02°  4351+0.02° 4435001
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Physiochemical

SHMPH (hydrolysis time: hrs)

properties 6 12 18 24

%TSS 2.20 + 0.03° 2.50 + 0.09° 280003 3201007
pH 6.02+004  580+002°  589+001 587 +0.03
%NaCl 2.20 + 0.00° 2.40 + 0.00° 2.60 £ 0.00°  2.80 £ 0.00°
%Protein” 0.63 + 0.04 0.69 + 0.02 0.77+0.03  0.72 +0.02
%Nitrogen" 0.10 % 0.01 0.11 + 0.00 0.12+0.01  0.12 +0.00
L* 70.82£0.01°  6473+001°  64.31+0.03° 64.19 £0.00°
a* 14.49 £ 0.01° 1829+ 0.00°  19.65+0.02° 19.83 + 0.01°

b* 66.99 + 0.00° 7044 £003° 7215+ 003° 72.49 £ 0.02°

Note : ““Different superscripts in the same row of each MPH indicate significant differences (p<0.05).

"No significant differences in the same row of each MPH.

3.4 Free amino acids composition

The amino acid compositions of MPHs are shown in Table 2. The total amino acid
content of OMPH (341 - 384 mg/100 ml) was highest when compared with the AMPH (119 —
157 mg/100 ml) and SHMPH (80 - 110 mg/100 ml). The changing of amino acid level affected
by DH could also modulate the biological activity of the peptides formed during hydrolysis
(Jamdar et al., 2010). These different observations are possibly be the amino acid composition
and solubility of peptides (Netto and Galeazzi, 1998). As a result of enzymatic hydrolysis,
precipitation and separation of the insoluble fraction, the obtained protein hydrolysates might
have the different amino acid composition from the different hydrolysis time.

In terms of individual amino acids, the most abundant amino acids found in all three
MPHs were glutamic acid (20 — 40%), this result was in agreement with the reports of
Chirinang and Intarapichet (2009). It could be explained that Glutamate has been deaminated
to Glutamic acid during the hydrolysis (Aaslyng et al., 1998). Lysine, a vital amino acid for
children lacking protein, was not found in Oyster mushroom and Abalone mushroom. However,
it can be found in both MPHs after 12 hours hydrolysis compared to the decreasing of arginine
content. In chemoenzymatic peptide synthesis, arginine was cleaved by papain enzyme, while
lysine was synthesized using the N-protecting groups viz. the tert-butoxycarbonyl and

carboxybenzyl groups (Yazawa and Numata, 2014).
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Table 2 Free amino acid composition of mushroom protein hydrolysates from Oyster

mushroom (OMPH), Abalone mushroom (AMPH) and Shiitake mushroom (SHMPH).

Amino acids OMPH AMPH SHMPH
(mg/100ml) 6 12 18 24(hrs) 6 12 18 24(hrs) 6 12 18  24(hrs)
Aspartic acid 19.81 21.01 2068 2095 266 441 450 376 316 394 116 0.77
Serine 2166 2580 2582 2399 10.63 1358 14.06 1331 3.76 582 3.01 3.12
Glutamic
acid 4400 47.70 46.32 4778 3122 3206 36.10 36.33 1423 17.68 2061 21.55
Glycine 9.26 1276 13.17 1188 6.01 727 768 7.41 194 252 273 277
Histidine 10.07 1111 1130 1120 410 493 523 506 123 174 174 173
Arginine 3247 2255 2277 2469 554 - - - 645 970 942 955
Threonine 2398 2577 2599 2525 1158 13.04 1377 1340 556 738 756 8.03
Alanine 3135 3355 33.17 3236 1185 13.30 1468 1423 912 1147 1246 1292
Proline 763 1094 1139 1054 444 663 776 790 089 159 1.71 1.71
Tyrosine 23.06 2282 2368 2297 265 364 366 251 275 352 344 362
Valine 27.83 2858 29.04 2847 1022 1166 12.69 1200. 7.43 9.84 1021 10.61
Methionine 569 487 503 4.92 - - - - - - - -
Lysine - 2553 2766 29.55 - 1042 1226 1255 3.31 516 505 5.05
Isoleucine 2283 2358 2412 2295 660 728 827 7.08 529 729 7.41 7.67
Leucine 36.78 3721 38.05 3640 6.33 815 1034 933 9.03 1209 1214 1253
Phenylanine 2466 2456 2561 2453 524 535 6.19 532 6.08 795 787 8.40
Cystine ND ND ND ND ND ND ND ND ND ND ND ND
Total 341 378 384 378 119 142 157 150 80 108 107 110

Note : ND is none detected

4. Conclusion

All of mushroom protein hydrolysates (MPHs) producing by papain enzyme with the
different hydrolysis times exhibited the different physicochemical properties. Oyster mushroom
protein hydrolysate showed the higher degree of hydrolysis, soluble protein content and free
amino acid composition than that of Abalone and Shiitake mushrooms. The suitable timing to
produce OMPH, AMPH and SHMPH with papain hydrolysis were 18, 18 and 24 hours, with the
approximately highest of %DH of 46, 38 and 25 providing the highest total amino acid content
of 384, 157 and 110 mg/100 ml and %yield of 55, 65 and 63, respectively (data not show in
this paper). There is a possibility that the selected mushroom could be produced as natural
flavor and seasoning products. However, further work could be done on flavor characteristics,

sensory profile, and applications in food products.
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