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Abstract: The effects of medicinal mushroom (Sparassis

crispa) powder supplementation on the rheological property

of dough and the quality of bread were investigated. Natu-

rally dried S. crispa powders (NDSCP) and freeze-dried ones

(FDSCP) were prepared. Farinograph profiles of dough sho-

wed that mushroom powder addition at levels higher than 1%

led to reduced dough stability suggested by decreased devel-

opment time and increased weakness. The incorporation of S.

crispa powders was significantly (p<0.05) lower compared to

other mushrooms which might be attributed to its high con-

tent of beta-glucan. FDSCP was chosen over NDSCP because

of its fragrant flavor which could be ascribed to the preserva-

tion of volatile polyphenol components. The quality of FDSCP

bread was evaluated with respect to specific volume, texture,

color, and organoleptic qualities. The specific volume of bread

with S. crispa powder decreased compared to the control, while

textural properties, such as hardness, chewiness, and gummi-

ness, were enhanced. Sensory evaluation showed that 0.3%

FDSCP incorporation presented the highest bread quality. With

its daily consumption, S. crispa supplemented bread can pro-

vide consumers with multiple health benefits.

Keywords: Sparassis crispa, Bread, Dough characteristic, Tex-

ture profile, Sensory evaluation

1. INTRODUCTION

Bread has been an important constituent of the diet of people

across the globe for thousands of years. Specialty breads are

becoming increasingly popular among consumers because of

their nutritional value, antioxidant properties, flavor, and color

attributes [1]. Recently many functional ingredients, including

buckwheat [2], inulin [3], turmeric [4], and omija [5] have been

incorporated into bread, providing beneficial effects to the health

of consumers. In addition, several medicinal mushroom pow-

ders from both mycelia and fruiting bodies have been explored

as valuable sources of supplements for new breads [6,7]. How-

ever, there are currently no reports of practically commerciali-

zed bread supplemented with medicinal mushroom powder

being marketed.

Mushrooms have been consumed as food and medicine since

ancient times due to their enormous health benefits. They con-

tain high levels of protein, carbohydrate, fiber, vitamins, and

minerals, and are low in calories, sodium, fat, and cholesterol
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[8,9]. Sparassis crispa is a culinary and medicinal mushroom,

commonly called the cauliflower mushroom in English, Hana-

biratake in Japanese, and Ggotsongyi (meaning “blossom”) in

Korean [10]. S. crispa is a brown-rot fungus that primarily

grows on the stumps of coniferous trees and is widely distribu-

ted throughout the North Temperate Zone [11]. Currently, this

mushroom is very popular among consumers because it has

sweet, tender, and rich flavor [12]. The fruiting bodies of S.

crispa have been reported to exhibit excellent effects for enhan-

cing cytokine synthesis and preventing human diseases, such as

gastric ulceration, oesophageal cancer, hypertension, and diab-

etes [11-14]. With its immune benefits for people especially the

elderly, the incorporation of S. crispa into the formulation of

bread would be of great interest. S. crispa powder bread is now

under pre-market assessment and we believe that it will become

popular in local market.

The objectives of this study were to substitute different levels

of wheat flour with two types of S. crispa powders to make

bread, and to investigate the influence of mushroom on the rhe-

ological properties of dough and the quality of the bread prod-

uced. The samples were evaluated by farinograph profiling, and

by reference to specific volume, texture, color, and organoleptic

qualities.

2. MATERIALS AND METHODS

2.1. Preparation of S. crispa powder

Fruiting bodies of S. crispa were collected from the Forest Re-

sources Research Institute at Naju, Jeonnam, Korea. The pow-

der of S. crispa was prepared and homogenized in a Waring

blender (Waring Laboratory Science, Torrington, CT, USA) by

two drying methods: (1) naturally dried S. crispa powder

(NDSCP) at room temperature for 96 h, and (2) freeze-dried S.

crispa powder (FDSCP) at -20°C for 72 h utilizing freeze dryer

FD 12008 (IlShinBioBase, Seoul, Korea).

2.2. Bread formulation

The bread recipe consisted of wheat flour (Beksul Bread 45,

Korea), 2% compressed yeast (w/w, wheat flour basis), 0.2%

yeast food, 6% sugar, 4% shortening, 3% skim milk powder,

2% salt, and water (up to the optimum consistency of 500 Bra-

bender Units). Different concentrations of S. crispa powder (0-

4% by weight) were substituted to the formulation.

2.3. Bread making process

Bread was made using a straight dough method according to

Lin et al. [15]. Firstly, compressed yeast was dissolved in warm

water at 35°C and added to the dry ingredients for shortening,

and then, the mixture was blended for 5 min. After complete

mixing, the dough was placed in an incubator (Daeyung Bakery

Machinery Co., Seoul, Korea) for two-step fermentation. The

first fermentation was carried out at 27°C and 75% relative

humidity for 1 h. The dough was divided into portions of sim-

ilar weights, and each portion was shaped and placed in an in-

cubator for second fermentation at 38°C and 85% relative hu-

midity for 1 h. The bread was baked at 200°C for 45 min in an

electric oven (FDO-7104, Electric Deck Oven, Daeyung Bakery

Machinery Co., Seoul, Korea). The baked product was cooled

to room temperature for 1 h. The whole bread was used for

further analysis.

2.4. Dough characteristics

Farinograph measurements were made on 300 g of wheat flour

using Farinograph®-AT (C.W. Brabender, South Hackensack,

NJ, USA) [16]. Extraction of wheat proteins from the dough

with S. crispa powder was performed as follows: After 15 min

of the farinograph test, the dough was freeze-dried. Then 10 g

of frozen-dried dough was mixed with 100 mL of 1% sodium

dodecyl sulfate (SDS) and shaken overnight at room tempera-

ture. After centrifugation, the supernatant fractions were dialy-

zed against water and freeze-dried. Parameters measured were

water absorption, dough development time (DDT), dough stab-

ility, and degree of weakening.

2.5. Measurement of bread quality

Breads supplemented with S. crispa powder were weighed. The

length, width, and height of the loaves were measured using a

fixed ruler. The volume of the bread was measured using the

rapeseed displacement method, and the specific volume was

calculated.

2.6. Color measurement

Surface color of breadcrumbs was measured using a handheld

CR-310 colorimeter (Minolta Corp., Ramsey, NJ, USA). L*,

a*, and b* values were recorded. The L* value represents the

lightness component on the surface, and the values range from

0 (dark) to 100 (light), while a* and b* values represent chro-

matic components of redness (positive values) to greenness

(negative values), and blueness (positive values) to yellowness

(negative values), respectively. The L*, a*, and b* values of a

white standard tile used as a reference were 97.83, 0.02, and

1.79, respectively.

2.7. Textural profile analysis

Texture profile analysis (TPA) was carried out 1 h after final

baking, in four replications on separate samples, using a model

Lloyd TA+ texture analyzer (AMETEK, Largo, FL, USA), with
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a 30 mm cylinder probe and according to the method: pre-test

speed of 2 mm/s, test speed of 2 mm/s, post speed of 2 mm/s,

and compression distance of 50%. Firmness, chewiness, cohe-

siveness, and springiness were calculated from the texture pro-

filing curves from the analyzer.

2.8. Sensory evaluation

Bread quality was tested by 80 untrained panelists within 24 h

of baking. The panel consisted of 35 males and 45 females bet-

ween 21 and 48 years old. Each subject tested five samples (3×

3×1 cm each), and their preferences on texture, flavor, taste,

color, and overall acceptance were assessed based on the nine-

point hedonic scale, which ranges from 1 (dislike extremely) to

9 (like extremely). Samples were placed on white plates and

identified with random three-digit numbers. The panelists eva-

luated the samples in a testing area and were instructed to rinse

their mouths with water between samples to minimize any resi-

dual effect.

2.9. Statistical analyses

Analysis of variance was performed on the data obtained at

different stages of manufacture in accordance with SPSS for

Fig. 1. Farinograph profiles of dough prepared using frozen dried S. crispa powder (FDSCP) at 0, 1%, 2%, and 4% and wheat flour.
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Windows, version 12.0 (IBM, Seoul, Korea). Properties of the

bread supplemented with S. crispa powder were subjected to

analyses of variance using one-way ANOVA. Differences bet-

ween means were separated using Duncan's multiple range test.

3. RESULTS AND DISCUSSION

3.1. Dough properties

The incorporation of FDSCP at 0, 1%, 2%, and 4% levels gave

rise to differences in the dough physicochemical properties such

as Farinograph quality and dough stability as presented in Fig.

1 and Table 1. It was observed that the addition of FDSCP cau-

sed a slight increase in water absorption compared to the wheat

flour control, which was 59.0%, 59.0%, and 59.5% with an

FDSCP level of 1%, 2%, and 4%, respectively, while the con-

trol was 57.5%. This observation was consistent with previous

findings [6,7] in which both fruiting body and mycelium pow-

ders were used. Factors affecting water absorption are the pro-

tein (gluten) and starch contents, and absorption tends to inc-

rease when the protein and starch are damaged. Rosell et al.

[17] reported that differences in water absorption were mainly

caused by the greater number of hydroxyl groups existing in

the fiber structures, allowing more water interaction through

hydrogen bonding.

DDT is the amount of time between first addition of water

and the development of the dough to maximum viscosity. With

S. crispa powder substitution, the DDT decreased from 10.2

min for the control to 6.5, 4.2, and 2.8 min with 1%, 2%, and

4% FDSCP addition, respectively (Table 1). The weakening

degree observed for the dough increased from 23 Brabender

Units (BU) for the control to 138, 179, and 257 BU in 1%, 2%,

and 4% sample, respectively. Similar results were found with

NDSCP-supplemented wheat flour (data not shown).

As concluded from the dough physicochemical properties,

the incorporation of S. crispa powder at levels higher of 2%

and 4% resulted in a dramatic decrease in dough strength and

stability, which would lead to poor bread quality. As established

by many reports, the beta-glucan content of S. crispa is more

than 40% of the dry weight of the fruiting bodies which is

highest in mushrooms found for now [12-13,18]. Therefore, the

supplementation levels were limited under 1% (0, 0.3%, 0.5%,

and 0.8%) for further study.

3.2. Bread quality with S. crispa powder supplementation

The bread volume and specific volume of FDSCP breads were

presented in Table 2. The volume of bread gradually decreased

with the addition of S. crispa powder. As shown in Fig. 2, the

volume shrinkage with 0.3% and 0.5% FDSCP was similar in

range compared with the control, while 0.8% FDSCP reduced

to only 64% of the control in volume. The internal area of the

FDSCP loaves exhibited an obvious cross-linking structure

when viewed under a microscope (data not shown). It has been

reported that S. crispa composes many components and pro-

Table 1. Physicochemical properties of dough prepared using frozen dried S. crispa powder (FDSCP) at 0, 1%, 2%, and 4% and wheat

flour

Sample FDSCP 0 FDSCP 1% FDSCP 2% FDSCP 4%
Water content (%) 12.9±1.5 12.7±1.6 12.9±1.7 12.6±1.4

Water absorption (%) 57.5±3.2 59.0±3.4 59.0±3.3 59.5±3.6
Development time (min) 10.2±0.5 6.5±0.6 4.5±0.5 3.7±0.6

Stability (min) 17.1±0.6 6.4±0.5 4.2±0.6 2.8±0.5
Weakness (BU) 23±2.6 138±11.3 179±12.1 257±12.4

Farinograph quality number (FQN) 300±27.2 94±8.9 70±7.2 51±6.8
Each value is expressed as mean±SD (n=3) and means having different letter superscripts within a same row are significantly different (p<0.05).

Table 2. Quality indicators of bread supplemented with frozen dried S. crispa powder (FDSCP) at 0, 0.3%, 0.5%, and 0.8%

Sample FDSCP 0 FDSCP 0.3% FDSCP 0.5% FDSCP 0.8%
Dough weight (g) 339.5±2.1 337.6±2.3 335.1±1.8 337.8±2.7

Bread volume (mL) 1335.4±18.4 1115.9±11.6 1085.5±13.1 837.6±10.3
Specific volume (mL/g) 3.9±0.2 3.3±0.1 3.2±0.1 2.5±0.1

Hunter's color value (crumb)
L* (crumb) 74.50±2.03 69.54±2.99 69.93±2.98 66.30±3.00
L* (crust) 57.22±3.00 53.77±3.92 59.49±4.04 58.51±4.84
a* (crumb) -1.93±1.22 -1.90±0.73 -2.04±1.18 -2.34±1.51
a* (crust) 8.11±1.00 7.73±0.85 4.75±1.94 4.08±2.32

b* (crumb) 8.11±0.10 7.89±0.14 8.56±0.19 9.27±0.20
b* (crust) 21.06±2.01 18.47±4.09 20.62±2.03 20.30±1.90

Each value is expressed as mean±SD (n=3) and means having different letter superscripts within a same row are significantly different (p<0.05).
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teins, such as lectin which was shown to inhibit both bacteria

(Staphylococcus and Pseudomonas sp.) and fungi (Candida and

Fusarium sp.) [19,20]. Thus the incorporation of S. crispa pow-

der to wheat flour could hinder the growth and fermentation of

yeast in the dough. Also the mushroom powder might inhibit

the formation of gluten during dough making which then result

in reduced volume [21]. Another possible explanation could be

attributed to the protease secreted by the mushroom, which can

digest the wheat proteins and damage the bread structure [22,23].

NDSCP supplementation was also evaluated for its effects on

bread properties, and resulted in similar specific volume under

1% supplementation, while increased supplementation caused

more apparent shrinking (data not shown). However, the flavor

of NDSCP bread was more rarefied than FDSCP bread due to

lower antioxidant property of NDSCP which may be ascribed

to the loss of volatile polyphenol components during preparation

[24]. FDSCP, on the other hand, appeared high radical scaven-

ging activity (IC50 of 186.24 µg/mL measured by DPPH and

269.57 µg/mL by ABTS) and total polyphenol contents (2.7789

µg/mg) (data not shown). Thus FDSCP was chosen over NDSCP.

3.3. Color characteristics

Color is a major criterion affecting the quality of the final pro-

duct. The bread made with S. crispa powder showed a differ-

ence in color compared with the control. The slight improve-

ment in color was interpreted as an intense color and was dep-

endent on the supplementation level with mushroom powder.

For both crumb and crust, there was a minor decrease in L* and

a* values, and an increase in b* values compared with the con-

trol group, which indicates a tendency toward dark and brown

caused by the addition of mushroom powder (Table 2). These

results were in agreement with those obtained by other resear-

chers [25,26].

3.4. Texture profile analysis of FDSCP bread

Texture characteristics of FDSCP bread are presented in Table

3. Hardness is commonly used as an index of bread quality, and

its change is frequently accompanied by a change in resilience

Fig. 2. Dough property, external appearance and cut loaves of bread supplemented with frozen dried S. crispa powder (FDSCP) at 0, 0.3%,
0.5%, and 0.8%.

Table 3. Texture characteristics of bread supplemented with frozen dried S. crispa powder (FDSCP) at 0, 0.3%, 0.5%, and 0.8%

Sample FDSCP 0 FDSCP 0.3% FDSCP 0.5% FDSCP 0.8%
Hardness (gw) 161.61±0.90 171.89±23.66 219.80±38.80 360.95±34.67
Adhesiveness -0.99±0.63 -4.353±0.60 -4.06±0.73 -5.76±3.25
Springiness 0.93±0.00 0.92±0.01 0.91±0.01 0.88±0.02

Cohesiveness 0.82±0.02 0.80±0.01 0.80±0.01 0.74±0.04
Gumminess (gw) 133.21±2.98 136.94±20.80 165.84±29.20 267.25±16.15
Chewiness (gw) 124.25±2.98 126.05±19.52 150.03±24.97 234.31±16.69

Resilience 0.43±0.02 0.39±0.01 0.36±0.02 0.33±0.01
Each value is expressed as mean±SD (n=3) and means having different letter superscripts within a same row are significantly different (p<0.05).
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[27]. The hardness of the bread increases with the addition of

S. crispa powder to 0.5%, then decreases at 0.8%. The differ-

ent bread samples had uniform weights and the increase in

hardness is mainly attributed to the reduced moisture content

and loaf volume with the addition of mushroom powder [4].

The increase in crumb hardness can also be related to an inc-

rease in loaf density [28]. The mushroom powder interacts with

the protein in wheat flour and thereby affects the uniform struc-

ture in FDSCP bread.

Adhesiveness represents the work necessary to pull the food

away from a surface, and springiness is associated with the

number of air bubbles incorporated into the bread during mix-

ing [29]. Cohesiveness quantifies the internal resistance of the

food structure. Briefly, cohesiveness is the ability of a material

to stick to itself, gumminess is determined by hardness multi-

plied by cohesiveness, and chewiness is determined by gummi-

ness multiplied by springiness. Thus, chewiness represents the

amount of energy needed to disintegrate a food for swallowing.

Resilience is the percentage of recoverable energy as the first

compression is relieved, and is a dimensionless ratio. Texture

profiling analysis showed an increase in gumminess and chewi-

ness for FDSCP bread corresponding to the FDSCP supplemen-

tation level. However, there is a decrease in adhesiveness, sprin-

giness, cohesiveness, and resilience. In general, the quality of

the bread decreases as the FDSCP amount increases, and the

addition of 0.3% resulted in the lowest drop in bread quality.

3.5. Sensory evaluation

The effects of S. crispa powder supplementation on the sensory

characteristics of bread are presented in Table 4. With an inc-

rease in the level of FDSCP in the formulation, the sensory sco-

res for texture, flavor, taste, color, and overall eating quality of

bread increased up to 0.3% supplementation, and then decrea-

sed. Generally, plain white bread was more acceptable since the

starch-based food in Korea is rice instead of bread [30]. It was

concluded that 0.3% supplementation with mushroom powder

does not interfere with the original color of the bread made with

wheat, since the color of S. crispa powder was light yellow. The

taste and overall acceptability of breads with 0.3% FDSCP had

the highest approval score. The results for sensory characteris-

tics indicate that a partial replacement of wheat flour with up to

0.5% FDSCP in breads gives satisfactory overall consumer ac-

ceptability. However, breads which contain over 0.8% FDSCP

are rated comparatively lower, which may be due to excessive

amounts of volatiles and phenolic compounds that negatively

affect the taste of food [31,32].

The results indicate that incorporating 0.3% S. crispa powder

into bread formulation is acceptable and leads to the highest

bread quality. The addition amount under 1% is much lower

compared to around 5% of other mushrooms which might be

caused by high concentration of beta-glucan [7,14]. S. crispa

has been proven with various pharmacological activities inclu-

ding antitumor activity and antihypertensive and antidiabetic

effects in mice model [33,34]. Although health benefit and anti-

oxidant activity of this bread was not included in this study, it

could be suggested with potential effects based on other reports

of S. crispa showing such antioxidant activity and health prop-

erty. Therefore, the addition of mushroom powder to bread

would both be economically viable and provide consumers with

the alleged beneficial properties.

4. CONCLUSION

It is concluded that S. crispa powders contribute a valuable sup-

plement for developing bread with enhanced functional prop-

erties. The supplementation of 0.3% freeze-dried S. crispa pow-

der (FDSCP) into bread formulation was optimal for improving

the sensory quality and antioxidant potential of bread. FDSCP

bread has already been commercialized by local company and

is getting popular in market. People can make their homemade

biscuits or cookies with S. crispa powder supplemented for

more health and better taste.

Acknowledgements

This study was supported by the Forest Service (Project No. S11

0912L020100). Dr. Yuanzheng Wu wishes to express his grati-

tude to the China Scholarship Council (CSC) and the Young Sci-

Table 4. Sensory characteristics of bread supplemented with frozen dried S. crispa powder (FDSCP) at 0, 0.3%, 0.5%, and 0.8%

Sample FDSCP 0 FDSCP 0.3% FDSCP 0.5% FDSCP 0.8%

Texture 0.58±1.65 1.32±1.15 0.87±1.38 -0.28±1.27

Flavor 0.73±1.33 0.88±1.15 0.42±1.37 0.13±1.52

Taste 0.13±1.34 1.02±1.24 0.58±1.39 0.12±1.50

Color 0.93±1.51 1.27±1.27 0.28±1.12 0.43±1.43

Overall eating quality 0.43±1.27 1.27±1.35 0.58±1.31 -0.08±1.36
Each value is expressed as mean±SD (n=3) and means having different letter superscripts within a same row are significantly different (p<0.05).



약용버섯(꽃송이버섯) 분말의 첨가가 밀가루 반죽과 빵의 품질에 미치는 영향 177

entist Exchange Program between the Republic of Korea and

the People’s Republic of China.

REFERENCES

1. Brown, H. (1998) Specialty breads-amplifying the need for bak-
ery training. Modern Baking 12: 50-52.

2. Lin, L. Y., H. M. Liu, Y. W. Yu, S. D. Lin, and J. L. Mau (2009)
Quality and antioxidant property of buckwheat enhanced wheat
bread. Food Chem. 112: 987-991.

3. Hager, A., L. A. Ryan, C. Schwab, M. G. Gaenzle, J. V. O’Doherty,
and E. K. Arendt (2011) Influence of the soluble fibres inulin and
oat beta-glucan on quality of dough and bread. Eur. Food Res.
Technol. 232: 405-413.

4. Lim, H. S., S. H. Park, K. Ghafoor, S. Y. Hwang, and J. Park (2011)
Quality and antioxidant properties of bread containing turmeric
(Curcuma longa L.) cultivated in South Korea. Food Chem. 124:
1577-1582.

5. Kim, M. K., J. M. Lee, J. S. Do, and W. S. Bang (2015) Antioxi-
dant activities and quality characteristics of omija (Schizandra chi-
nesis Baillon) cookies. Food Sci. Biotechnol. 24: 931-937.

6. Tseng, Y. H., J. H. Yang, R. C. Li, and J. L. Mau (2010) Quality of
bread supplemented with silver ear. J. Food Quality 33: 59-71.

7. Ulziijargal, E., J. H. Yang, L. Y. Lin, C. P. Chen, and J. L. Mau
(2013) Quality of bread supplemented with mushroom mycelia.
Food Chem. 138: 70-76.

8. Wasser, S. P. (2002) Medicinal mushrooms as a source of antitu-
mor and immonomudulating polysaccharides. Appl. Microbiol. Bio-

technol. 60: 258-274.
9. Pamela, M., M. Stefania, A. Altero, and P. Laure (2004) Commer-

cial mushrooms: Nutrirional quality and effect of cooking. Food
Chem. 84: 201-206.

10. Ryoo, R., H. D. Sou, K. H. Ka, and H. Park (2013) Phylogenetic
relationships of Korean Sparassis latifolia based on morphologi-
cal and its rDNA characteristics. J. Microbiol. 51: 43-48.

11. Kimura, T. (2013) Natural products and biological activity of the
pharmacologically active cauliflower mushroom Sparassis crispa.
BioMed Res. Int. 2013: article ID 982317.

12. Chandrasekaran, G., D. S. Oh, and H. J. Shin (2011) Properties and
potential applications of the culinary-medicinal cauliflower mush-
room, Sparassis crispa Wulf.:Fr. (Aphyllophoromycetideae): A re-
view. Int. J. Med. Mushrooms 13: 177-183.

13. Ohno, N., N. N. Miura, M. Nakajima, and T. Yadomae (2000) Anti-
tumor 1,3-beta-glucan from cultured fruit body of Sparassis crispa.
Biol. Pharm. Bull. 23: 866-872.

14. Yoshikawa, K., N. Kokudo, T. Hashimoto, K. Yamamoto, T. Inose,
and T. Kimura (2010) Novel phthalide compounds from Sparassis
crispa (Hanabiratake), Hanabiratakelide A-C, exhibiting anti-can-
cer related activity. Biol. Pharm. Bull. 33: 1355-1359.

15. Lin, L. Y., Y. H. Tseng, R. C. Li, and J. L. Mau (2008) Quality of
shiitake stipe bread. J. Food Process Preserv. 32: 1002-1015.

16. AACC (2000) Approved Method of the AACC. 10th ed. Method 54-
21. American Association of Cereal Chemists, St. Paul, MN, USA.

17. Rosell, C., J. Rojas, and B. Benedito (2001) Influence of hydrocol-

loids on dough rheology and bread quality. Food Hydrocoll. 15: 75-81.
18. Kimura, T. and M. Dombo (2005) “Sparassis crispa,” in Biologi-

cal Activities and Functions of Mushrooms, pp. 167-178. H. Kawa-
gishi, Ed., CMC Press, Tokyo, Japan.

19. Woodward, S., H. Y. Sultan, D. K. Barrett, and R. B. Pearce (1993)
Two new antifungal metabolites produced by Sparassis crispa in
culture and in decayed trees. J. Gen. Microbiol. 139: 153-159.

20. Chandrasekaran, G., Y. C. Lee, H. Park, Y. Wu, and H. J. Shin (2016)
Antibacterial and antifungal activities of lectin extracted from fruit-
ing bodies of the Korean cauliflower medicinal mushroom, Sparas-
sis latifolia (Agaricomycetes). Int. J. Med. Mushrooms 18: 291-299.

21. Chung, H. J., K. Y. Eom, and W. J. Kim (2006) Evaluation of phy-
sicochemical properties of muffins made with ultrafiltered Sunmul
powder. J. Food Sci. Nutr. 11: 333-338.

22. Seguchi, M., N. Morimoto, M. Abe, and Y. Yoshino (2001) Effect
of maitake (Grifola frondosa) mushroom powder on bread proper-
ties. J. Food Sci. 66: 261-264.

23. Abe, M. and M. Seguchi (2003) Proteases of Maitake (Grifola fron-
dosa) responsible for breakdown of wheat flour dough and their re-
action with gluten proteins. Biosci. Biotechnol. Biochem. 67: 2018-
2021.

24. Cho, I. H. and D. G. Peterson (2010) Erratum to: Chemistry of
bread aroma: A review. Food Sci. Biotechnol. 19: 575-582.

25. Kenny, S., W. Karina, S. Catherine, and A. Elke (2000) Incorpora-
tion of dairy ingredients into wheat bread: Effects on dough rheol-
ogy and bread quality. Eur. Food Res. Technol. 210: 391-396.

26. Eissa, H. A., A. S. Hussein, and B. E. Mostafa (2007) Rheological
properties and quality evaluation of Egyptian balady bread and bis-
cuits supplemented with flours of ungerminated and germinated
legume seeds or mushroom. Pol. J. Food Nutr. Sci. 57: 487-496.

27. Spices, R. (1990) Application of rheology in the bread industry. In
H. Faridi & J. M. Faubion (Eds.), Dough Rheology and Baked
Product Texture, pp. 343-361. Van Nostrand Reinhold, New York,
USA.

28. Vittadini, E. and Y. Vodovotz (2003) Changes in the physiochemi-
cal properties of wheat and soy containing breads during storage as
studied by thermal analyses. J. Food Sci. 68: 2022-2027.

29. Rahman, M. S. and S. A. Al-Farsi (2005) Instrumental texture pro-
file analysis (TPA) of date flesh as a function of moisture content.
J. Food Eng. 66: 505-511.

30. Lee, Y., H. J. Lee, H. S. Lee, Y. A. Jang, and C. I. Kim (2008) Ana-
lytical dietary fiber database for the national health and nutrition
survey in Korea. J. Food Comp. Anal. 21: S35-S42.

31. Drewnowski, A. and C. Gomez-Carneros (2000) Bitter taste, phyto-
nutrients, and the consumer: A review. Am. J. Clin. Nutr. 72: 1424-
1435.

32. Gawlik-Dziki, U., M. Świeca, and D. Dziki (2012) Comparison of
phenolic acids profile and antioxidant potential of six varieties of
spelt (Triticum spelta L). J. Agric. Food Chem. 60: 4603-4612.

33. Yamamoto, K., T. Kimura, A. Sugitachi, and N. Matsuura (2009)
Anti-angiogenic and anti-metastatic effects of β-1,3-D-glucan puri-
fied from hanabiratake, Sparassis crispa. Biol. Pharm. Bull. 32:
259-263.

34. Yamamoto, K. and T. Kimura (2010) Dietary Sparassis crispa (Ha-
nabiratake) ameliorates plasma levels of adiponectin and glucose
in type 2 diabetic mice. J. Health Sci. 56: 541-546.


