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ABSTRACT

Background: The popularity of biscuits comes from their attributes such as high palatable, dense nutrients, quickly released 
energy, and available in convenient sizes, as well as in various forms. In addition, the biscuits formulation can easily be 
modified to meet the nutritional demands of the targeting consumers. Purpose: The purpose of this study is to investigate the 
substitutional portion of the Shiitake mushroom flour for wheat flour in the production of high-quality biscuits with improved 
nutritional values. Materials and Methods: The collected samples of Shiitake mushroom fruiting bodies were well washed 
using tap water, and then using distilled water to make the research material as clean and neutral as possible. The clean 
sample was dried in the oven at 65°C for 24 hs, then ground to a fine powder of 212 µm, making it ready for physiochemical 
characterization before it was being taken to the biscuit production step. Results: Nutritional analysis of the made biscuits using 
5%–15% of substitution with shiitake mushroom powder showed the most significantly increased contents of fiber and protein 
compared to the made biscuit from wheat flour only. Conclusion: By incorporating wheat flour with shiitake mushroom 
powder in the production of biscuit, the improved nutritional values and the development of new recipes for making high-
quality biscuit from shiitake mushroom were successfully obtained.

Key words: Antioxidant, biscuits, fiber content, nutritional value, shiitake mushroom powder, shiitake powder supplemented 
biscuits, total phenolic content

INTRODUCTION

Edible mushrooms are widely consumed in many global 
nations as an important food item for the crucial roles 
in human health as medicinal values and enhancing 

nutrition. As mushrooms are rich sources of proteins, vitamins, 
and minerals of which are considered in between meat and 
vegetable,[1] and, edible mushrooms own the low content of 
carbohydrate, calories, and fat as well as their protective role 
against chronic diseases.[2] The medical functions of edible 
mushroom species are of reducing cholesterol, lowering blood 
pressure, strengthening the immune system against diseases, 
combating tumors, as well as improving the liver functions.[3] In 
addition, mushrooms are immense sources of nutraceuticals[4] 

that are responsible for their antioxidant,[5] antitumor, and 
antimicrobial properties.[6] Among many others, Shiitake 
mushroom is one of the most reputed mushrooms for being 
health-promoting food and products derived from shiitake are 
suitable for the healthy food industry.[7] Lentinus edodes is a 
scientific name of shiitake mushroom which is one of the most 
heavily cultivated and popular edible mushrooms in the world. 
It was originally cultivated in East Asian countries but is now 
also broadly cultivated in Europe and the United States.[8]

Lentinan was demonstrated to have antitumor activity and to 
increase the survival time of patients with inoperable gastric 
cancer and women with recurrent breast cancer following 
surgical therapy.[9]
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Biscuit has been one of the oldest baked goods and consumed 
extensively all over the world by all age groups. The 
popularity of biscuits comes from their attributes such as 
high palatable, dense nutrients, quickly released energy, and 
available in convenient sizes, as well as in various forms. In 
addition, the biscuits formulation can be modified easily to 
meet the nutritional demands of the target consumers.[10]

Wheat flour is the traditional ingredient applied in the 
production of biscuits which is insufficient in numerous 
nutrients including proteins, vitamins, minerals, and dietary 
fiber. Wheat flour also lacks essential amino acids such as 
lysine and tryptophan.[11] Therefore, partial replacements 
or supplement of wheat flour with other nutritional 
ingredients to produce functional bakery products are highly 
recommended.[12] Shiitake mushroom powder added to other 
food ingredients would give a unique and pleasant flavor 
and after-taste to meals[13] so the utilization of mushrooms in 
many types of products such as in soups, sauces, and pickles 
is popular in many countries.

Although numerous studies on the evaluation and utilization 
of mushrooms in general, and Shiitake mushrooms have been 
conducted as mentioned above, there is no information about 
how to utilize the functional as well as nutritional properties 
of Shiitake mushrooms to prepare as well as improve the flour 
and the made biscuits from shiitake mushroom. Hence, it is 
scientifically and economically important to know whether 
the made flour shiitake mushroom can be used to produce 
high-quality biscuits with improved nutritional values. 
Furthermore, a consequence of various proportions of shiitake 
to wheat flour in biscuits formation needs to be determined to 
make high-quality final biscuits products. In summary, this 
study has been conducted to determine the suitable process for 
preparation and possibly improved quality production of flour 
and the made biscuits from the shiitake mushroom.

MATERIALS AND METHODS

Preparation of shiitake mushroom flour
The Shiitake mushroom fruiting bodies were collected 
cleaned with distilled water to remove dirt, sand, soil, other 
field damage portion, and other undesirable materials before 
use. The cleaned mushrooms were then sliced into smaller 
sizes with a knife and then placed on the tray with wax-paper 
and dried in an oven at 65°C for 24 h. The dried mushroom 
was then ground in a Waring blender (model Philips HR2118 
600W) and sifted through diameter 70 mesh (212 μm) from 
the laboratory. The Shiitake mushroom powder was kept in 
sealed polyethylene bags at 4°C until analysis and biscuits 
making.

Preparation of wheat shiitake mushroom biscuits
The wheat shiitake mushroom four composites was prepared 
by replacing 5%, 10%, and 15% of wheat flour with Shiitake 

flour, and with other ingredients were weighed accurately as 
the formulation shown in Table 1.

As shown in the well-prepared Table, A is noticed as a 
symbol of control biscuits produced from 100% wheat flour. 
At the same time, B is marked biscuits produced from 95% 
wheat and 5% Shiitake mushroom flour, C is marked biscuits 
produced from 90% wheat and 10% Shiitake mushroom 
flour, and D is marked biscuits produced from 85% wheat 
and 15% Shiitake mushroom flour:
 A = 100: 0 ratio of wheat Shiitake mushroom flour in biscuits
 B = 95: 5 ratio of wheat Shiitake mushroom flour in biscuits
 C = 90: 10 ratio of wheat Shiitake mushroom flour in biscuits
 D = 85: 15 ratio of wheat Shiitake mushroom flour in biscuits

Proximate composition analysis of Shiitake flour 
and wheat flour
The proximate analysis of the composite flours and developed 
biscuits moisture, protein, ash, crude fiber, fat content, and 
energy values was determined using the methods described 
by AOAC.[14]

Total carbohydrate content
Total carbohydrates were calculated by difference (AOAC, 
1990).

% Carbohydrate = 100 – % (protein + fat + ash+ fiber + 
moisture)

Energy values
The total metabolizable energy is expressed in kilocalories 
(kcal/100 g), which was calculated by considering Atwater’s 
conversion factors: (4× g protein) + (4× g carbohydrates 
[total carbohydrates – food fiber]) + (9× g total lipids) as 
recommended by Osborne and Voogt.[15]

Functional properties analysis of the composite 
flour samples
Bulk density

Bulk density was determined following the method described 
by Eleazu and Ironua[16] and AOAC, 2006.[17] The bulk 
density of the sample (g/ml) was calculated as the weight of 
the sample per unit volume of sample.[18]

Table 1: Ingredients applied in the preparation of 
developed biscuits

Ingredients Samples (g)
A B C D

Wheat flour 100 95 90 85

Shiitake flour 0 5 10 15

Powdered sugar 62 62 62 62

Butter 37 37 37 37
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Water absorption capacity (WAC)

The WAC of the sample was determined using the method 
as described by Eleazu and Ironua,[16] and Onabanjo and 
Dickson[19] with a minor modification.

Oil absorption capacity (OAC)

Oil capacity of the flour was determined using the method as 
described by Adepeju et al.[20] and Eleazu and Ironua.[16]

Emulsion activity (EA) and emulsion stability (ES)

The EA and stability were measured by adopting the method 
of Yasumatsu et al.[21]

Proximate composition analysis of developed 
biscuits
Moisture, protein, crude fiber, ash, fat, total carbohydrate 
content, and energy values of prepared biscuits were 
determined by the same methods used for Shiitake flour 
analysis.

Assay of developed biscuits
Extraction preparation

Developed biscuits were ground into powder by Phillips 
warring blender. Then, the samples were extracted with 
methanol:water (80:20, v/v; 30 ml). The extract was 
centrifuged at 5000 g for 15 min at 4°C. The residue was 
then re-extracted 4 times with methanol:water (80:20, v/v; 
30 mL). The combined extracts were evaporated under 
reduced pressure (rotary evaporator), revolumed in methanol 
at 20 mg/ml (stock solution) and stored at 4°C for further 
use. Successive dilutions were made from the stock solution 
and submitted to evaluate the antioxidant activity and total 
phenolic content of the samples.[22]

Determination of total phenolic content

Total phenolics in all samples were determined using 
 Folin-Ciocalteu reagent according to the method of Singleton 
and Rossi[23] using gallic acid as a standard.

Physical properties measurements of biscuits

Strictly followed the proposed methods of Srivastava et al.[24] 
After calculating the volume, density was obtained by the ratio 
of the weight of volume.[25] The expansion coefficient was 
determined using the method of millet seeds dislocation.[26] 
and it was calculated as:

2 1

1

V V
Ec= 100%

V
-

´

Where Ec is the expansion coefficient (in percent), V2 is the 
volume of the baked dough, and V1 is the volume of the raw 
dough.

Sensory evaluation

The consumer acceptance of four different samples of biscuits 
was evaluated using a 9-point hedonic scale ranging from 1 
(dislike extremely) to 9 (like extremely.[27]

Statistical analysis
Data were subjected to analysis of variance using the Minitab 
version 16.0. Results were presented as means ± standard 
deviations of triplicate experiments. Significant difference 
was established at P ≤ 0.05

RESULTS

Proximate analysis of Shiitake mushroom flour
The results of analysis proximate attributes of Shiitake 
mushroom powder are shown in the Table 3. Also, the same 
analyzed attributes of wheat flour for a possible comparison.

Functional properties of composite flours L
The results of the functional properties of Shiitake mushroom 
powder sample and flour blends include wheat and Shiitake 
mushroom flour are presented in Table 2, of which consisting 
of bulk density, WAC, OAC, EA, and ES.

Physical properties of developed biscuits
The effect of replacing 5%, 10%, and 15% of wheat flour 
with Shiitake mushroom powder on physical properties of 
biscuits was studied, and the data are tabulated in Table 3 
consisting of such parameters as diameter, thickness, spread 
ratio, density, and expansion coefficient.

Proximate values of developed biscuits
Table 4 presents the nutritional composition of biscuits 
prepared from the composite flour of wheat flour substituted 
with Shiitake powder at different ratios 5%, 10%, and 15% 
compared to the control sample (biscuits A).

Total phenolic content of the developed biscuits
It could be noticed that Shiitake mushroom is a good source 
of total phenolic and it had a great free radical scavenging 
activity. Furthermore, there was a significant difference in 
total phenolic compounds (TPC) that was accompanied by 
an elevation in the scavenging activity between Shiitake 
mushroom powder sample and biscuit formulations.

Sensory evaluation
Sensory evaluation of the product was conducted based 
on 9 points hedonic scale for appearance, color, flavor, 
texture, and overall acceptability. A semi-trained panel of 
70 members was randomly selected to evaluate the sensory 
properties of the developed biscuits. The sensory evaluation 
was performed in laboratory with clean sensory cabinets 
containing fresh water. The panelists were instructed to 
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evaluate the above attributes of the samples and to rate each 
attribute. A 9-point hedonic scale with 1 (dislike extremely) 
and 9 (like extremely) was used

DISCUSSION

Proximate analysis of shiitake mushroom flour
From Table 5, data on proximate analysis of the prepared 

Table 2: Effect of incorporating Shiitake mushroom powder on the functional properties of the composite flours
Samples Bulk density (g/cm3) WAC (g/g) OAC (g/g) pH EA (%) ES (%)
A 0.72±0.0007a 0.705±0.05b 0.91±0.04b 6.08±0.006a 33.5±0.007b 35±0.014c

B 0.72±0.0028a 0.925±0.02b 1.06±0.11ab 6.02±0.006b 35.5±0.007ab 37.5±0.007bc

C 0.67±0.0064b 0.98±0.156b 1.2±0.03a 5.97±0.015c 38.85±0.045ab 42±0.014ab

D 0.63±0.0023c 1.575±0.05a 1.1±0.09ab 5.93±0.012d 44.75±0.018a 47.5±0.02a

Values in the table represent the means±standard deviations (n=3 replicates). The values denoted by different letters in the same column 
are significantly different (P≤0.05). a, b, c, d: Means with the same column with different letters are significantly different (P<0.05). 
A (control)=100:0, 100% wheat flour. B=95:5, 95% of wheat flour incorporated with 5% of Shiitake mushroom flour blends. C=90:10, 90% 
of wheat flour incorporated with 10% of Shiitake mushroom flour blends. D=85:5, 85% of wheat flour incorporated with 5% of Shiitake 
mushroom flour blends. WAC: Water absorption capacity. OAC: Oil absorption capacity. EA: Emulsion activity. ES: Emulsion stability

Table 3: Effect of Shiitake mushroom powder on the physical parameter of biscuits
Sample Diameter (cm) Thickness (cm) Spread ratio (cm) Density (g/cm3) Expansion coefficient (%)
A 5.2±0.2a 0.48±0.03a 10.91±0.17b 0.69±0.1b 27.20±4.39a

B 4.93±0.06ab 0.44±0.05a 11.22±1.14b 0.83±0.11ab 24.47±1.67a

C 4.97±0.06ab 0.40±0.03ab 12.56±0.82ab 0.78±0.07ab 17.91±0.08ab

D 4.80±0.1b 0.33±0.015b 14.42±0.62a 0.97±0.02a 8.17±1.24b

Values in the table represent the means±standard deviations (n=3 replicates). The values denoted by different letters in the same column 
are significantly different (P≤0.05). A (control)=100:0, 100% wheat flour biscuits. B=95:5, 95% of wheat flour incorporated with 5% of 
Shiitake mushroom biscuits. C=90:10, 90% of wheat flour incorporated with 10% of Shiitake mushroom biscuits. D=85:5, 85% of wheat flour 
incorporated with 5% of Shiitake mushroom biscuits

Table 4: Proximate composition values of developed biscuits
Samples Moisture (%) Ash (%) Protein (%) Fat (%) Fiber (%) Total 

Carbohydrate (%)
Energy (kcal)

A 2.53±0.13c 0.88±0.19b 6.39±0.17b 23.82±0.44a ND 66.64±0.53b 504.86±5.03a

B 4.18±0.20ab 1.097±0.52ab 6.66±0.1b 17.87±0.33b 0.4±0.14b 70.43±0.81a 465.98±2.42b

C 3.48±0.38b 1.32±0.04ab 6.8±0.15ab 17.64±0.2b 0.6±0.21ab 70.99±0.06a 469.88±0.93b

D 4.79±0.45a 1.67±0.03a 7.2±0.22a 18.50±0.09b 0.9±0.14a 66.62±0.06b 465.51±1.58b

Values in the table represent the means±standard deviations (n=3 replicates). The values denoted by different letters in the same 
column are significantly different (P≤0.05); ND: Not detected. A (control)= 100:0, 100% wheat flour biscuits. B=95:5, 95% of wheat flour 
incorporated with 5% of Shiitake mushroom biscuits. C=90:10, 90% of wheat flour incorporated with 10% of Shiitake mushroom biscuits. 
D=85:5, 85% of wheat flour incorporated with 5% of Shiitake mushroom biscuits

Table 5: Proximate values of wheat flour and Shiitake flour
Samples Moisture (%) Ash (%) Protein (%) Fat (%) Fiber (%) Total 

carbohydrate (%)
Energy (kcal)

Wheat flour 13.13±0.148aB 0.96±0.02bE 6.93±0.24bC 5.25±0.18aD ND 73.87±0.007aA 369.87±1.46a

Shiitake flour 9.51±0.078bC 6.96±0.02aD 25.05±0.41aB 5.97±0.25aD 9.8C 52.525±0.841bA 363.87±1.46b

Values in the table represent the means±standard deviations (n=3 replicates). DWB: Dry weight basis. ND: Not detected. a, b, c: Means 
with the same column with different letters are significantly different (P<0.05). A, B, C, D, E: Means with the same row with different letters 
are significantly different (P<0.05)
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shiitake mushroom flour clearly showed that the Shiitake 
mushroom flour used in this study was found to be richer 
in carbohydrate composition than protein and total fat and 
that the obtained result seemed acceptable which is within in 
the range from 51.97% to 66.00% compared with the works 
done by Regula and Suvulski[28] (66.00%), Hung and Nhi[29] 
(65.1%), and Jyoti et al.[30] (51.97%). Other studies reported 
that the carbohydrate contents of L. edodes varied 67.5-78% 
on a dry weight basis.[31,32] Shiitake mushroom is low in fat, 
of high percentage of polyunsaturated fatty acids, including 
in the aroma components.[33,34]

Functional properties of composite flours
Data on functional properties of composite flour presented 
in Tables 2 and 6 revealed that bulk density depends on the 
particle size and initial moisture content of flours.[35] Bulk 
density illustrated the downward trend of increasing to 
incorporate of Shiitake mushroom flour with wheat flour. It 
was clear that the decreased the proportion of wheat flour 
reduces the bulk density of composite flours. The highest 
bulk density of composite flour of sample, A and B suggest 
its suitability to be used as a thickener in food products and 
for use in food preparation since it helps to reduce paste 
thickness which is an important factor in convalescent and 
child feeding.[35]

As shown in Table 6, the high-WAC of composite flour D 
suggests that the flours can be used in the formulation of 
some foods such as sausage, dough, and processed cheese 
besides bakery products. Protein has both hydrophilic and 
hydrophobic nature, and therefore they can interact with 
water in foods according to Chandra et al.[35] The good WAC 
of composite flour D may prove useful in products where 
good viscosity is required such soups and gravies due to 
different protein concentration from wheat and Shiitake 
mushroom powder, their degree of interaction with water and 
conformational characteristics.[36]

As can be easily seen in Table 6, among four flour blends, 
data on the flour blend C were found the highest value which 
was significantly different to the sample A without Shiitake 
mushroom powder adding which amounted 120% and 91%, 
respectively. About sample B and D, both of them allocated 

106% and 110%, respectively, that were the insignificant 
difference and lower than the sample C. It could be attributed 
that the higher the OAC of a flour sample, the better the cookie 
quality. OAC characteristic is required in ground analog, 
doughnut, pancakes, baked foods, and soups. Absorption of 
oil by food products improves mouthfeel and flavor retention. 
Oil retention also improves the quality of biscuits because oil 
contributes to the soft texture of cookies.[37] Therefore, the 
possible reason for incorporating wheat flour and Shiitake 
mushroom powder to produce biscuits. Increasing Shiitake 
mushroom powder in composite flour resulted in raising 
higher fat absorption capacity. The higher OAC in flour 
blend, the more improvement of palatability and extension of 
shelf life particularly in biscuit products where fat absorption 
is desired.[38] The major chemical component affecting OAC 
is a protein which is composed of both hydrophilic and 
hydrophobic parts.[39] Hence, the flour blend C is ideal in 
biscuits making, B and C sample are also acceptable.

Table 6: Functional properties of Shiitake mushroom 
flour

Physical property Value*
Bulk density (g/cm3) 0.372±0.001

Water absorption capacity (g/g) 5.77±0.11

Oil absorption capacity (g/g) 2.57±0.09

pH 5.79±0.017

Values in the table represent the means±standard deviations (n=3 
replicates). The values denoted by different letters in the same 
column are significantly different (P≤0.05)

Washing and slicing fresh Shiitake mushroom

Oven drying (65°C, 24h)

Grinding

Sieving (212 µm)

Uniformed Shiitake mushroom

Packaging (air tight zip lock bag) 

Stored at 4°C for further uses

Figure 1: Flowchart for the preparation of Shiitake mushroom 
flour

Preparation of composite flour (wheat flour: Shiitake mushroom
flour) at different ratios (100:0, 95:5, 90:10, and 85:15) 

Premixing (butter and sugar)

Mixing (composite flours)

Sheeting

Molding

Baking (at 165°C, 15 min)

Cooling

Packaging (air tight zip lock bag)

Storage (at ambient temperature)

Figure 2: Flowchart for the preparation of biscuits
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Physical properties of developed biscuits
As displayed in Table 3, a supplement of Shiitake mushroom 
powder at different proportion produced a significant 
change in physical characteristics. To be specific, the 
diameter of biscuits decreased as the inclusion of Shiitake 
mushroom powder raised particularly biscuits D had 
significantly (P ≤ 0.05) lesser diameter data compared to 
biscuits A which amounted between 4.80 cm and 5.2 cm, 
respectively. The diameter of biscuits B and C fluctuated 
around 5% of Shiitake mushroom powder that was not 
significantly different from each other. Reportedly, the 
higher the spread ratio of the biscuit the more desirable 
it is Chauhan et al.[40] Hence, biscuits D prepared from 
15% of Shiitake mushroom powder may be the most 
preferred based on spread ratio that allocated 14.42 cm 
and was significantly different from biscuits A and B. 
Thus, Shiitake mushroom powder partially encumbered 
when added up to 15% into composite flour then making 
biscuits sample D.

Flowchart for the preparation of Shiitake mushroom 
flour is shown in the Figure 1 and the Flowchart for the 
preparation of  the developed biscuits is shown in the 
Figure 2.

Proximate values of developed biscuits
As illustrated in Table 4, the presence of high-fat content in 
the biscuits means high calorific value and also serves as a 
lubricating agent that improves the quality of the product, in 
terms of flavor and texture. In addition, fat is a rich source of 
energy and is essential as carriers of fat-soluble Vitamins A, 
D, E, and K.[41] Following these reasons, in spite of higher fat 
content compared to protein one’s biscuits incorporated with 
Shiitake mushroom powder, are desirable for production. Last 
but not least, biscuits B, C, and D owning fat results do not 
exceed 25% leading to not occurring rancidity in foods and 
the development of unpleasant and odorous compounds.[41]

As shown in Figure 3, the addition of Shiitake mushroom 
powder to formulation B, C, and D promoted an increase 
in protein content that only biscuits D was significantly 
different to the control samples. As can be seen, this gradual 
increase in protein content is due to the addition of a various 
level of Shiitake mushroom powder in biscuits. Furthermore, 
this incorporation is the desirable increasing rate of protein 
values that biscuits may contain essential amino acids.

Total phenolic content of the developed biscuits
TPC such as flavonoids, phenolic acids, and tannins are considered 
to be major contributors to the antioxidant capacity of plants.[29] 
The Folin–Ciocalteu phenol method is not an antioxidant test but 
an alternative assay for the quantitation of phenolic compounds.[42] 
The content of TPC in dry mushroom extracts was determined 
by Folin–Ciocalteu procedure[43] using gallic acid as a standard. 
Absorbance was measured at 765 nm. The content of TPC has 
been expressed as mg of gallic acid equivalent (GAE) per g 
of dry mushroom extract (mg GAE/g). Phenolic compounds 
undergo a complex redox reaction with phosphotungstic and 
phosphomolybdic acids present in the reagent.[44]

In the present study, the level of phenolic content of Shiitake 

Figure 3: Effect of incorporating different ratio of Shiitake mushroom flour on the ash, fiber, and protein content of biscuits

Table 7: TPC of developed biscuits
Sample Total phenolic content  

(µg GAE/g)
Shiitake mushroom 1504.98±18.52a

A 119.21±2.38e

B 667.39±2.21d

C 873.29±5.28c

D 1293.45±5.20b

Values in the table represent the means±standard 
deviations (n=3 replicates). The values denoted by different 
letters in the same column are significantly different (P≤0.05). 
TPC: Total phenolic content, GAE: Gallic acid equivalent
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mushroom powder sample and biscuit formulations is 
proportional to the content level of the added Shiitake mushroom 
powder as illustrated in Table 7. As just mentioned, the data 
on TPC increased gradually following the raising addition of 
Shiitake mushroom flour levels. To be specific, biscuits D was the 
highest value which shared 1293.45 µg GAE/g. All three biscuit 
samples incorporated with Shiitake mushroom powder exhibited 
a significant level of TPC of the products compared to the control 
samples. The TPC (µg GAE/g) in the different varieties of the 
sample extracts were calculated using the standard curve for 
Folin with the equation y = 0.0404x + 0.005, R2 = 0.995. In the 
supplemented Shiitake mushroom powder biscuits, TPC ranged 
between 667.39 and 1293 µg GAE/g, while the result of the 
control sample was 119.21 µg GAE/g. These concentrations 
were statistically different (P < 0.05) among the studied samples.

Sensory evaluation
Organoleptic tests of the biscuits depend on its first color, 
crispiness, taste, aroma. and overall acceptability of the 
sample. Figure 4 shows the comparison among the biscuits 
of their organoleptic quality factors and Table 8 presents 
whether the results are significantly different or not from the 
organoleptic acceptability of biscuits on 5 points Hedonic 
scale is given by 70 untrained panelists.

General impression for biscuits control, B, C was not 
significantly different sharing in the range between 6.64 
and 7.20 in within the rate of like and moderately like. As 
displayed in Table 8, biscuits D was significantly lowest 

score allocating 6.03 for the impression, but it rated at 
slightly like this 15% Shiitake mushroom flour incorporated 
biscuits. Therefore, all three added Shiitake powder biscuits 
got moderately like from people, especially 5% Shiitake 
mushroom powder added is much more desirable than others. 
The 5%, 10%, and 15% addition of Shiitake mushroom flour 
are acceptable to consumers.

CONCLUSIONS

In this study, the incorporation potential of the wheat flour 
with shiitake mushroom powder in biscuits production 
to improve nutritional values and the development of new 
recipes to make good quality biscuits from shiitake mushroom 
was successfully and thoroughly investigated. The nutritional 
analysis of the wheat flour - Shiitake mushroom powder 
biscuits shown the more significant dominance of fiber, 
protein, and ash from 5 to 15% Shiitake mushroom flour 
enriched biscuits by selected supplements.
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Figure 4: Effect of different levels of Shiitake mushroom powder substitution into biscuit samples on sensory parameters

Table 8: Sensory evaluation scores of developed biscuits in term of color, taste, aroma, crispiness, and overall 
impression in 5‑point scale

Sample Color Taste Aroma Crispiness Overall impression
A 7.23±1.406a 6.66±1.45ab 6.79±1.33ab 6.47±1.46bc 6.86±1.2a

B 7.11±1.291a 7.04±1.46a 7.01±1.35a 7.13±1.17a 7.20±1.19a

C 6.90±1.298a 6.49±1.41ab 6.31±1.38bc 6.77±1.4ab 6.64±1.25a

D 6.07±1.563b 6.00±1.75b 5.86±1.87c 5.91±1.64c 6.03±1.56b

Average of 70 evaluations. The values denoted by different letters in the same column are significantly different (P≤0.05)
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