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Antioxidant Activity and Quality Characteristics of Rice Cookies
Added with Hericium erinaceus Powder
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ABSTRACT

This study was conducted to investigate the antioxidative effects and quality
characteristics of rice cookies containing the Hericium erinaceus (HE) powder. Rice
cookies were prepared with different amounts (0, 1, 3, 5 and 7% ratios to the control
group rice flour quantity) of HE powder. Total polyphenol content, DPPH and ABTS
radical scavenging activities of the rice cookies increased with increasing HE powder
amounts. The moisture contents of the rice cookies decreased significantly with increasing
HE powder, but the crude fat content of the rice cookies increased significantly with
increasing HE powder. As the content of HE powder increased, the pH of rice cookies
dough decreased from 7.11 to 6.96. However, the density of the rice cookies dough
among groups was not significantly different. Spread factor of the rice cookie was
significantly decreased by the addition of HE powder. Hardness of rice cookies increase
with increasing HE powder content, and cookies added with 1% powder was softer than
the control group. Crust colors of rice cookies showed that L (lightness) values were
significantly decreased with increasing HE powder content, whereas the a (redness) and
b (yellowness) values increased. The antioxidative effects and quality characteristics of
rice cookies added with the 7% added HE powder showed significantly high values as
compared with the control and the other groups.

Key words: Hericium erinaceus powder, rice cookies, antioxidant activity, quality
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I.4 &

LEZPoIN R0 SEL Hericium erinaceus
oW, RERFTHoR YAF, WIFE HAE
(Aphyllophorales), BBMAIN Hericiaceae),
A AN A ES(Hericium)©ll &3 Brurdsall et
al. 1978). REAGL 3=, oMo, E, &
oo 32 ZgstaL glon, o= A Hl
H11 Ql= wAlo|ti(Kawagishi et al. 1996). 7}
=3 899 ILE T AEONA S S=
oflA= SFHAlolRtaL sk, Yo ofHhE
AlEH(Yamabushitake)et2 EHHPark et al.
2006). FEH2 Monkey's head mushroom FE+=
Lion's manel & E2H, 7124 94U, v
HUT 5 8959 A FRolA g dolH
A9 ZAHEA|I7F TSk, 271 5~30 cm A
2 Z7|= ASd Ee WFIoE ASHEA
AA| K| F=2 Ho] wwlo] Zpehtal, oo
FE2 +=HY(spines)©] 2~6 cm Ao

FA A (Ft) 0 = A= Moon 2014). 27] &

rlr

AA| AAFS WS Sof FRko g Holyl, AFA
2 7] 3ho] UgE PR 222 Wom A
HA] 22 HFo] EXJo|tPark & Lee 1999).

LR YolMAY] JIeH AR ThlEw
b, A9 b
2 AHota §eHYanmaguchi & Yearul 1987;
Kabir & Kimura 1989; Park & Lee 1999).
E%Eﬂo]tﬂ/ﬂo %-X:{__i U]—/l—]_'.}@] /\]xﬂ 04015
ol aE Hof HAAA 3k fAY, HolAl
A, R, AT H A W 54
AR Azl A7t Akl FHHKKIm 2013).
LR FoHAoA =53 B 4 nerve
d A B A A&

A= o] 7Fs7gdol Attal Hil(See 2012)= %

Fdo] F4¥ol1 F71ho] F5

growth factor2 55417

3, wEIPolyAo] g
180 Af|xof thgt 5% Bt} tAlES] F4] o
Aad7E ok s THMizuno et al. 1992).
o LFgFolHAe Fits} - Ff - Y
T &4 A7t Al JAgET Qlon, Ei
BT FA X &4 119] H5AE(Janeway
et al. 2001), @Y W @9 FAVIAER 23}
ZA(Kim et al., 2010a), A W endoplasmic
reticulum stress 2A|(Ueda 2008), A17A|29]
A% 9 Bl 2X(Kim 2013) 5 AJ=&4d0 o
& iRt Azl Baslgith ot A1Zo] Ashit
AE 9gt AAFAESHZ 3t AAPoEE
E7t QIti(u et al. 2006)

< & Y Ak Holl gk AHREY
nom Ay o
sto] Wi AHFshs AlESc] AT AAET=
=2 ALE__,] /\H] H}5EA o] 0‘-19};—- 01
g aaE 7 8 sAES 4
sto] AlE= AEst] et AEAE A7 2
3] Y= JAcHKwon et al. 2011). F7]9] 7]
2 J5& ol o|= IFE, A, £EY ZE

stst WA= o|slstAol EA W wjg v]Lo]

FZEML Sarcoma

do i

AlL 2&AH 0 F Zolx| 1

pL

wet 7719 WE SA% 77] B 2o
IEFL um: Aoz BuEgthHan 2004). A
AHZo] Mushe 745 71 H A%
B B Sl weh gYBA Tt gl o
Pt HAZ AHE B 71540l FHE 717

=T QIeKShim et al. 2012). $Ey=te] S
Alo] = AEQ1 B2 T F43 AAEE
AT AT B3 BOHE B g AvY
o= Q8| =y & AH|FE 45 A

tHKwon et al. 2011). 3FA|9t &g 0|83t 715
AlEo0 gk AlAA B oA F71, Aol
24 gl mpAE 59 WVRRE FARE 3 AE

A 6‘]—79}\
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of W75 4l A& dhAgt AlE AL 9 A7t
T3] A== T thJung & Yoon 2016). &2
HIER B, 4 Q1 59 Bt IF4aet 4o
a7t EREela, TEido] 6~8% TR
PATE, ST SHECIIA] YobA] T A
Ag FA4Jo] §lof Al Az Fopol| L7k A
Nm= AMGE O] B AHF SVt 83 IS
312 Ut Kwon et al. 2011). F&AE9] 7|5
de G830 gt AFE= Fopt £
(Kim & Choi 2013), ¥¥ £%(Jeong & Han
2015), =& EZ(Byeon et al. 2017), &
A& B2 (Shin et al. 2015), AH[H]o} I Bt
(Kim et al. 2017), 4+ o 2% (Lee & Jin
2015), et 59 7F(Kim 2011) 52 371
gt A57F B Qich

L RgolHAle] Aedd H k& 7ol &
HAHA] =R Po|HA ET-S H7Iet 5+(Oh
et al. 2010), A7]"(Yoon & Lee 2004), A
t}2(Choi & Jegal 2012), Z"]|ZE(Lee et al
2013b), &=(Park et al. 2015) ¥ TZ$I(Yang
2014) 5= Axsto] olg9] FHUEA ¢ A&
d A5 E5to] LT o ALY AESHAQ o]
& 7IE $I't A7 Eet et A

2 AN = =FaolHAl BT 7Rt
BH7E A Zoto] g oAl A7) X2 9
v S Sedolly, 454 9 e S48
245t 7164 AFoRA R o[HAl o]&

g mASIIA St

ot
-

N
(¢)

il

. 954y

1. 2=

AF7] AZo] ARGE eFgYoHALZ GAP
5 RJIF (A10077118)3 59 /1% <Al
23-3-13413)2 20199 7€) w2 FA

(Gyeonggido, Korea)olAl <4510] SAllSHA] 94,
A 22 Zof 70Tk FeAR] ths 5280271
(ED8512, llshin, Yangju, Korea)E ©l-&3sto] 72
ARE Bt FAAESIH FEARAR] e
oA E4|7|(HR2160, Philips Co. Amsterdam,
Netherlands)oll o] &4 & A 21 & 4 A==
Azslo] 70T ¥5 B ARE AFARRE
Arg-otitt. BrE 71 (Daedoo Foods, Gunsan,
Korea), @Z{Pulmuone, Eumseong, Korea), H
E{(Westernland Milk Products, Hokitika, New
Zealand), W% (Samyang Corporation, Ulsan,
Korea), £&#{Haepyo, Jeongeup, Korea), Hlo|73u}
2E(Jeonwon, Gimpo, Korea)s FJdlo] &
Azl ARgsIS

2. AF719] M= HEH|
LRFoHA RS HUIRE 7] AR it
= Table 13 2t B=EA7IE o djv] =%
SoIHA BEO] vl (w/w)S thdstAl s
24 HAgE S-S, BEAviRe} 2T
Table 1. Ingredients of rice cookies prepared

with different amounts of Hericium
erinaceus powder

Treatments”

Control 1% 3% 5% 7%
300 297 291 285 279

Ingredients(g)

Weak rice flour

Hericium erinaceus powder 0 3 9 15 21
Butter 180 180 180 180 180
Sucrose 120 120 120 120 120
Egg 60 60 60 60 60
Baking powder 33 3 3 3

Salt 11 1 1 1
Control: Rice cookies supplemented with 0% Hericium

erinaceus powder, 1%: Rice cookies supplemented with 1%
Hericium erinaceus powder, 3%: Rice cookies supplemented
with 3% Hericium erinaceus powder, 5%: Rice cookies
supplemented with 5% Hericium erinaceus powder, 7%:
Rice cookies supplemented with 7% Fericium ernaceus powder.
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olH| A B v &L 4 X A of lﬂlfé@%
58] Agstact. wegol sl
A ke Sl RO ST, 2] e
WA el wRgol Al Bake 1
% 27k Akstel Axs FA1ES AP,
3,5, 7% WhDow dgstark

3. LR2ZY0IHA 2US UKot W79 HE
LEggoluA BES Hrigt &5y Al
He I (creaming method)S $-&35ka] A|
Z3st ¥=E71(QF-0519H, Daeyong, China)
o] g3 A HitE Rt JH 9 HEE
o] HARE & Eojal AR 23] Uirol ¥
o] 7}o] HolA| 9iA WEA 4o 2 AH
7} HEE g @E2 A2 ug] AYE
T 332 Uo] Yal B s HEA 4
ojA A8 JEi7t Hres REHA SHyit. vrea
7Fe AL =R oHA EY hjr Hjjo
FHE A" YolA FHe=r 4
oz AL ohZ dH 8719 %01 1
ZHAo] Hatsto] FAAH . I FA7F
U=l dgj2 9o 0.5 cmZ @43 74
= & A& 49 mm 99 #7] E& AMES
A OEU}:%W’E = Ay ¥

T 91E 170C, ¥E 160CE 23] ujg] 9
H 2E(DUU-43, Daeheung, Seoul, Korea)ol
Al gol 13& A= FHH. & B AER
oF 20 + 4CE FAIsHEA 1A% A& ¥Z

AF e}, F7]= oriented polypropylene®] Eot
A AT T 24 A7 At o 7iEste] Aol

A1EH5cE,
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4. 230N 2L Fot BRI EREY
3 oifst g0t £
1) =2FgolA B 7t AF7]9 oeks
& RS 24
LRgPolHA BT 7 BF7le 10 g9
80% °g-Z 150 mLE 7Fste] 8 Wziao] &
= 65C 9 Heating mantle(Mtops ms-265,
ARgSEo] 3AIZE A 33]0] AA
A &3t 2 Whatman filter paper(No. 2)&
ARgote] ofIAIA T oKL Rotary vacuum
evaporator(EYELA VACUUM NVC-1100, Tokyo,
Japan)E ©l-&3fl 40T 9] & Aol &uiE AA
U AY-sEIten, A2 B4 A7

A8k MRS 98] 7002 WERBseltt

Seoul, Korea)<

2) B9 &

R olHA BT 7 B oleE &=

polyphenol &% &4

9] & polyphenol &% Folin-Denis phenol
method®H(Folin & Denis 1912) ¥t HE o]
S e FgRoHAl T 7t BT o
& FEE58 77 1 mLe} Folin reagent 2 mL&
do] AL2oA 387 Fx ¥RSAIX] thaoll 10%
Na;CO; €K 2 mL& A7I5te, o2 & 535!
T 4023t o] ol HEAIZT FdE 760

(Shimadzu
Apgslo] =3

nmOAUV-spectrophotometer
UV-1601PC, Kyoto, Japan)&
sioitt AFAL galic acidE EEEZRE 0835
of 25, A|Z9] ¥ polyphenol SR ©
AFFACZRE ALt

3) &7]9] DPPH radical 274% 9 ABTS
radical &A%
LEgdolA Bt Yot &iy| oehe &

E9] 2,2-diphenyl-1-picryl hydrazyl(DPPH)
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radical £759 42 BloisY W (Blois
1958)0.& AAstglet. ZgolA 2 A
7} AT ogE FEE2 449 AR 0.1 mL
9 0.2 mM DPPH 1 mL& ¥o] & &3gs}o]
37CAA 308 & HREAIFH. FH7EE A
& Al oeeE ARESIRle, S8k 517 nm
oA ELISA microplate reader(Model 680,
Biorad Laboratories Inc., Hercules, CA, USA)
£ ol8alA &4st3ltt. DPPH radical £7%-2
1-A& 79 F3e/Ae 7Y &8
D)l x 100 FA0= Alklolo] viig= VERfIc

L RgolHA B 7 B oeE =
£9] 2,2-azino-bis-3-ethylbenzothia- zoline
-6-sulfonic acid(ABTS) radical &A%Y =74
< Re et al.(1999)9] WS o APl HAlsH
At 7.4 mM ABTS €43} 2.6 mM potassium
persulfate 84 FL3 v EE & S3N o
ABTS radical gol(ABTS )& A4dst7] Hsf
AoA 24A17F Hx EISHHAA HESAIFTH
ABTS" 89H9] 5337} 0.7~1.0 + 0.02 HH=
Uehd w74 ofekEs ARgste] SlAAZITE 5
oAl EE A7) ofghE F&& 0.1 mLol
ABTS" €9 0.9 mLE go] 343t th3 37C A
307 Fe vRAIFT. FR7REE AR T4l ofgt
& ARBSI9 oY, S 8EE 734 nmollA| ELISA
microplate reader(Model 680, Biorad Laboratories
Inc., Hercules, CA, USA)E ARg3lo] =73519
ot ABTS radical £752 [1-(A= 379 &
Fr/AR FA7HE] F85)] x 100 B4 A
Alsto] WiR-gE LfER|QICE

5. RFH0| BY Z7t wR7| BUSY &
D) #7719 dugE 24

wRFolnsl B W7} w779 AR

L

oz

Asle 9 BUSY 219

o, 2EE 22 9 23)4E) #4012 AOAC
(Association of Official Analytical Chemists,
1984) ol waba] AAlstat -2 A4
o2 Aeslglon, AL semimicro-
KjeldhlH(Kjeltec™2400 AUT, Foss Tecator,
Hilleroed, Denmark)& ARgsle] S, =
A2 Soxhlet &% (Soxtextec System HT 1043
Hogands,

Extraction Unit, Foss Tecator,

Sweden)= ARESIRIOH, £3E-L2 600C 233
3PH(F-4800, Barnstead, Boston, MA, USA)2.
& A5 grdkE g 42 Al= 1009
A i, 2 22 9 2OE RS 7S

o] Attt

2) & F7] W59 pH 9 4= &4

R3Ol A £ M7 BF7] §H59] pH
S4L 55 50 mLoll 27 vk 5 g A7t
5t homogenizer(Bihon seiki, Ace, Osaka,
Japan)& AM&Sto] 7,000 rpmOllAl 30% Bt o
A7 & ;A (Whatman No. 2)& o4
oot oL pH meter(Mteeler Delta
340, Mettler-tolede, Ltd, Cambridge, UK)&

ALg3te] 23T,

(g/mL)Z AAFFATHChoi 2009).

3) AF719] HAE 53

LR olHA BT M7 2719 HYA A
%*(Spread ratio)= &7(Width: Diameter, cm)
tjH] FA(Thickness, cm)?| H|2 AAFSIFL,
AACC method 10-529H(AACC 1995 71
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02 st} Zelsict. A7) WAL meFYol

BAL 22 7L W71S 2RO S s
&3

719] &£AE vHEO] &0l SHE o o 2T
St 7Hell dist Fat FAE Aldstnt. B 174
o gt A7 % Bt FA= 33 vkE 24 = 9
TEke oSt WA A BFY] 174
et Bat A (em)/7HE 2571 179 diet Bt
FAlcm/)7H2 Yol AltstAr.

4) BF719 A= &4

LRgolHA & 7 B9 22 &
2 Rheomether(Compac-100, Sun Scientific
Co., Tokyo, Japan)& AREsI¥ct Tz 13
R.D.S(Rheology Data System) Ver 2.01S A&
ofo] AAJSttE. Rheomether 72 Max wt:
10 kg, Table speed: 120 mm/min, Distance:
50%, rupture: 1 bite ¥ prove= A& 2 mm9]
number 4 needle ARESI] &7 EH 4
mm W2 JFeE A% o3 3T Al T
= = S5tttk B719] FSAlFolA
e v ) 32 33] ¥HESto] S5
T, I B3 A% (hardness)E YERHQIC

o

5) w7719 A% 27

weSFHo] A B H7h87719] ¥dough)
I 997 AF719] ¥ (crust) Q] ME= AR
(Spectro Colormeter JX-777, Color Techno.
System Co. Tokyo, Japan)S AR&3lo] 53] Ht

Boto] ZsieIth. MEl HUE(ag, +redness/

-greeness), ZMZ(b7t, +yellowness/-blueness)
9 P lightness)g S35HA L, olnf AR
H FEEMEo] a3k 0.13, bg -0.51, L2
89.39&8 HASt & ARESHITh = 3 9
AF719] QP2 olo]l& FiHEHIphone pro,
Guangzhou, China)Z &35} cHFig. 5).

6. SAX

2 AgoA= BE 714 olgksty AL 54
9] A¥}= SPSS(Statistical Package for Social
Science)® FAA Y sfo] A AETE
Azl £A412 33] W S451lth A ¥
T £ BEQAR PAAIE BABIAL, SAA
o AL LY viR] B4R (one-way analysis
for variance) & Duncan® th5a% WHo=z

p<0.05 &AM 4= HAsHA.

k-,

III.

i)

3

p=)

1. AF7|9 Uk
LEFPoIHA &Y A7HEE 2Ysto] Az
o B719] AN E £4] A= Table 29 &
th LRgfolHAl Ay aF kg 5.52 +
0.57~6.41 + 0.12% %92 w=s2doulsl &
T J7NE S0l et R o WolAle A
FE Btk =R olAl £ A7 Sl
TE I dae 2R edoHA 2Ee
3l A7V SR TR Rol Rg o]
A 2EY A7 Hleo] 2E AT &
o] o= Ao 7 HojZth & drgarie
3.20%(A 3= AAISHA] ek3)o]

I, =g golHA £ 8 TS 5.33%E
7] Az Al HEA7IREE 95 =30l
U= tAlsto] AxsHel7] wHizolet Al
L2FPoHARET H7F A7]"9(Choi & Jegal

0x

=]
=

de

e

T fr &
o gl
oy

O, MAr

N
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Table 2. Proximate compositions of Hericium erinaceus powder and rice cookies prepared with different

quantities of Hericium erinaceus powder

(%)

Hericium Treatments”
Composition erinaceus

powder Control 1% 3% 5% 7%
Moisture 533 + 034 631 + 03299 641 + 0.12° 633 = 0.07° 587 + 0.06° 552 + 0.57
Crude fat 0.64 + 0.05 26.49 + 0.24° 27.43 + 0.12° 27.49 + 0.16° 27.50 + 0.15° 28.19 + 0.28°
Crude protein 838 + 0.64 354 + 041™Y 356 + 033 348 + 020 359 £ 040 3.60 + 0.26
Crude ash 359 + 012 095 + 0.10 082 + 009 087 + 0.05 092 + 0.01 094 + 0.11
Carbohydrate? 82.06 + 1.05 62.71 + 0.38N™ 61.78 + 0.85 61.83 + 0.12 62.11 + 0.45 61.75 + 0.33

DTreatment: See the legend of Table 1.

YCarbohydrate = 100 - (moisture + crude protein + crude fat + crude ash).

YAl values are expressed as mean * SE of triplicate determinations.
“Means in rows with different letters are significantly different (P<0.05) by Duncan’s multiple range test.

INS: not significant.

2012), ALtH2(Lee et al. 2013) 2 =(Park et
al. 2015)9] A7 Aits =FFPoIHA B A
7¥E S7t0l et R 2 594 Zolrt B
O|A] Akt Sto] E A Al vhE WA
= Btk AlSoHAl S A7 7719 A%
T B A7l mhE 7 Fe] Zolzt gltkaL
o] 7 Woky, -F-gwolAl
7¥g S71ol wEk A &
7Fote A¥e Hioh 2od, 23E 4
3k T2 Al 7ol 214 ApolE HolA|

Eies

=

=2

=0

B2 FE59| £ polyphenol

i

2. AF719] of &

Lol 7¥gol wet A7]9]
< polyphenol % &4 A¥= Fig. 13 At
L2golsAl A7] & polyphenol?] T=F
T2 o] 174.40 + 0.93 mg GAE/go]
1, 3, 5 7% 7Kgl webM 242k 180.28
2.72 mg GAE/g, 179.70 + 8.26 mg GAE/g,
182.13 + 3.12 mg GAE/g, 191.69 + 10.71
mg GAE/golith. =3 oAl & 719

0.

=
- -
w2 A

2
I
+

Z710ll w2t F polyphenol®] 9tg2 S57F5l= 4
T B, E9] 7% HA7RES dRLET 7204
oF & Yepsitt & Aol A Fg o]
A B oeke $2%9] F polyphenol %
2 75.67 £ 1.81 mg GAE/gO2(Z3k= AXeHA]
%) T FolHA
EobA] AS719] ko]
oty ‘A B A
Chung 2017), A&oTHAl B2 71 F71(Kim et
al. 2010) & F5olHAl A7t F71(Lee &
Jeong 2009) A+ Ao % WA o] Hrle
571l Wk F polyphenol 2 o402 =
A A= & A9 At fARE A Bl
on, LFIPolHA 71
polyphenol $#r& =ol=
HolA = HFEAgE WhHolgkar

=}
=ge

% polyphenol &
FFS vz Aoz H
A7 BAF7IKim &

=]
_\L‘?‘?}

=]
_\L‘t"?]-

3. W37| oEtE £=E=2| DPPH radical &7
s % ABTS radical &71s
w2gdol|4 Bato] Hz}El W77]9] DPPH
5 ABTS 27159 574 Z¥= Table 29 2t
DPPH radical:> @4t 845 Ad =43¢ vt
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All values are expressed as mean + SE of triplicate determinations. a~bValues with different superscripts on the bar
are significantly different at p<0.05 by Duncan’s multiple range test.

Fig. 1. Total polyphenol content of rice cookies prepared with different quantities of Hericium

erinaceus powder.

S8 T i HAE ol o RN Fe A
Aljo] &illo] H= E40] = A2 A k=

4 HE °°ﬂf’31'94——zzqo] 7?
o] 8ETHQue et al. 2006; Thongchau
et al. 2008). DPPH radical &A% &4 23+
LeRggoluAl o] F7te A7) iR
45.56 + 0.32%5 UL, 1, 3, 5, 7% 7R
77} 4.58 £ 0.25, 478 + 0.29, 7.39 + 0.25,

7.79 = 0.42%% F7lgo] 7S o= 7
T Ht. e R3RolHAl 17 284
et al. 2014)9] AFolA= B H7HE S7 o
2}t DPPH radical £4%52 49421 571 A3
Ho] 2 Aga} fARRE Ak Vet 5ol
HAl B2 (Lee & Jeong 2009), HA2HEHA £
(Kim et al. 2013)7} Aol A EH(Kim et
al. 2010b) ¥ FE1HA EZKim & Chung
2017) A7F 719 A7 2= F

I(Yang

polyphenol

Table 2. DPPH and ABTS radical scavenging activities of rice cookies prepared with different quantities

of Hericium erinaceus powder.

Treatments”

Control 1%

3% 5% 7%

DPPH radical

. . 4.56 + 0.227%
scavenging activity (%)

4778 + 0.29*

458 + 0.25° 739 + 025 779 + 0.42°

ABTS radical scavenging 2361
activity (%)

+ 1.02°  29.36 + 0.90¢

38.98 + 0.55° 49.19 + 034" 5899 + 0.36°

DTreatment: See the legend of Table 1.

DAl values are expressed as mean + SE of triplicate determinations.
Ya-b: Means in rows with different letters are significantly different(P<0.05) by Duncan’s multiple range test.
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F 710 Wt DPPH radical £A% 3t &
7tel= Aoz Yehyict

L2Fdo|HAl BS719] ABTS radical A7%
2 fjZ0] 23.61 + 1.02%= 7P 93k, 1, 3,
5, 7% A7l XE 22 29.36 + 0.90, 38.98 +
0.55, 49.19 + 0.34, 58.99 + 0.36=2 YERT.
LR olHAl 29 JA7IE S710l Wt ABTS
radical £75°] tiZx<tof sl f2H 02 =olX|
= T Tk ABTS 87 780 84S
HESAIZ] & AJAE= ABTSE 415 nm, 645 nm,
734 nm, 815 nmoflA FEJZA% FF=E UERATH
ISR, T F 734 nmolA S8 S-S o
tHShin 2007). 2T =FgdolHA 22 A
7V Z7tel et DPPH radical 2453 ABTS
radical £75°] 9421 S7F H3i=T, ©]
9} & A= F polyphenol 53 &2 7]
& AR 49 SVt WE Aol skl
(Lee et al. 2017). &3] & A7) ALgH 53
FoHA FEE2 AL ZER] F polyphenol
Bt oz} pakst vletIQl BlERl C(1,393.64
+ 269.54 mg/100 g)<} BIEFY] E(38.25 + 2.92
mg/100 g)2] TFol =2 A(ZBI= AAlsHA] &
o= Z= =], ol FTIoHART A
A9] sl B4 A HIEIo] L RgwlolH
A %7} #5719 DPPH radical 2753 ABTS
radical 2450 FFE v AoZ HoJZT}
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4. 37| 8=zl pH

LRgolHAl Ego] H7kE AF7] w9
pHE Table 33 At} &A7FF9] pHE 6.39 +
0.010]%, =FFgolMAl B9 pHE 6.12 +
0.002& Yesth =FggoHAl Eds 7t
SHA] 942 A7) §E50] pHe= ti&o] 7.11 +
0.072 L=F3goIHA £ H7igo] S7Hds
5 A7) ¥ pH 2 A4soks % YE
WAL, 3%} 7% 7oA oAl AAaE U
EUiglth. ol kFg oAl 49| pH7L &
7F29] pHoll H|gf W3t7] wizolet Abm ). vt
9] pHe 719 T H o] M 5ol FF=
o] ch= B 177} Ql=dl(Cho et al. 2006), pH7}
Eordas AMsk= AsiRA| L ARt It HEo
Atk gro] AE 4= Qlal, 719 pH7} Robds
5 F719] M= AsjA 7]go] Aopx|al H&
HYAE 4TS HYHCha & Lee 2016). 71
YRS pH 7 oJ5}of|4& hexose”} enolization®l|
9]} hydroxymethy furfurale] &4do] Hal o]
=42 ov| 7|9} Ags] detoldy} tE &4
A B 9 oF AEZ FA%T Hat Qo
(Go 2014). =2-gdolHAl B H71=(Park et
al. 2015), 2™ $£I(Yang et al. 2014)9] A+
NME =RaolHAl & H7IE S7tol wet
pHe WolRthal sto] & Ad7 fARE ko]

et

Table 3. pH values of rice cookie dough prepared with different quantities of Hericium erinaceus powder

Weak rice Hericium Dough
Item q erinaceus
our powder Control 3% 5% 7%
pH 639 + 001V 612 £ 000 711 + 0072 718 £ 0.04  7.08 £ 0.04% 701 + 0.04> 6.96 + 0.06°

DAIl values are expressed as mean + SE of triplicate determinations.

Y3—¢ Means in row with different letters are significantly different(p<0.05) by Duncan’s multiple range test.
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b. WF7| HI=O| UL

LRgolwAl B M7 A7 W=l 4%
+= Fig. 29} 2o} g9 ¥x= 1.25 g/ml,
LEFPolA BT 7S 1, 3, 5, 7% 4%
1.24 + 0.05, 1.25 + 0.07, 1.26 + 0.07, 1.26
+ 0.06 g/mLOE ARZ Afolo] foH< A=
AU} B A= o] 7hstt BhEo) Ui
F719] 9 54 B7F ARE AREEL, 22 9
Lgko] §7)= ddste] 7|24 WoA|aL &2
U Fhe] 7= & FATA|E Hol Slo] A= 7t
27} Dol 4= Ukl SFITHKim et al. 2013).
A7) Aol UEHET E(Byeon et al
2017), €7 3 lee & Jin 2015), FZA|=
7F2Ryu & Chung 2018), EtH 7} HE(Lee et
al. 20132)9] A+ 23 2T F7HE-S |2
Q1 ZJo|7} gltkal Histo] . Atel [ALRE
ZAolginh. 1y ARt} ER7F(Kim 2011),
FHA EZ(Kim & Chung 2017), u|¥ 2%
(Jung & Lee 2011)& #7Ist 7] AFoAx=
I 7FFe] St wet v U Sk

flo

ANE Hoj E e tE AgeIAH

6. W79 MEY

LRggola £ Mt 719 B A
7¥oA] g tixat 719 A4, FA 9 #HA
’d A4E Table 40 Hetdct. 27719 274
Z2E 5.01 + 0.02 cmZ 1%2} 3% F71)
ARl Aol YA 5% H7HEHE= 72
Q TAE Hol 7% H7kEo] 4.90 + 0.01 cm 7}
% 3oitt =R olAl B A7 AF719] =
&= izl 1.40 + 0.01 cm& 7P @9k,
LRgdolssl B H7FF 7] wet oA
= %S B 7% H7EoIA A0 R ot
Aok, HAGS tx20] 3.56 £ 0.03°0% =5
oAl B 7k STkl wet gL @
oAl AT B o 7% H7RLolARE 3.39 +
0.06% HiZto] vl 7oA A4S YeErdh
oo} FAFHA AfolH Al BEol H7Ist 719
AT HA BT A7Fke] 371EE miAol
Aaste 43RS HYtHKim et al. 2010). 37
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All values are expressed as mean £ SE of triplicate determinations. NS: not significant.

Fig. 2. Density of rice cookie dough prepared with different quantities of Hericium erinaceus powder.
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Table 4. Spread factor of rice cookies prepared with different quantities of Hericium erinaceus powder

Treatment”
Items
Control 1% 3% 5% T%
Width (cm) 501 + 0.02% 501 + 0.01° 500 + 0.02° 495 + 0.02> 490 + 0.01°
Thickness (cm) 1.40 + 0.01° 143 + 0.03" 142 + 002 142 + 0.02* 144 + 0.02°
Spread factor (w/t)? 3.56 + 0.03° 3.50 + 0.06° 351 + 005 348 + 0.05°  3.39 + 0.06"

DTreatment: See the legend of Table 1.
YSpread ratio(w/t): Width (cm)/ Thickness (cm).

YAl values are expressed as mean * SE of triplicate determinations.

Pa-b: Means in row with different letters are significantly different(P<0.05) by Duncan’s multiple range test.

o] Hgl FFe = f4=e A% A ),
I 5, W 25, 9F 250 oJgkg gh=rtl

o=2 Tt

B7Eth Kim & Chung(2017)2 ¢ 7185

7] WiEo] A A9 B 2 Az ol
a8 54 o 719 HAe] FFL F 5

kT STk 2L Y Aol B
=

28 A7kl vistel HAge A Yehol
MEC SR BHRS BT 1R o] 9k 46
age] Z71e ol

R CEREEE
oh B d79) An wRIFolHA B 1~7%
WKL) w7719 WY dht wFgTolH AL
waro] F7lepo] Z7HEO.EM WE W F 314,
9 2 gl gzl Hlalo] Wolle,
24 7719 BRNE L 540 IFL vIA
wRFPolujsl AT719) WYL FAHE 20

2 AlsEch

7. AF7|9l Z=

2ol A B HA7REE gt
SF 719 B £ A Fig. 3% Atk k=%
oA Edo] HA7kdE A9 A gR
0] 890.13 + 60.30 g/cm?, 1% A7}
668.14 + 87.18 g/cm’E YE tiRxFH T W
ofR = A Holtrt 3%, 5% H7t2 47
836.26 + 93.33 g/cm?, 914.62 + 66.60 g/cm?

Az

2 22 S04 olrk gglont, 7% At
FOIME 1427.17 + 97.38 g/em’E M 2

2ol X

F719] A0 AHE = 84
7 9 K R E Aaa g S 1k
Sol 98] ZAAHEG 5t¥2H(Joo & Choi
2012), 53] F719] 2340l 7M 9F= F=
Age BAEO] $7 dFgolZtal shlth (Kwak
et al. 2002). &F719] A4 ARl HF 7t
Z(Kim 2011), EYHA EZHKim & Chung
2017), #2 37F(Lee & Lim 2013)& HA=
o] H7¥F 71l wet 719 A= S7FSHAL
A= 7F2(Ryu & Chung 2018)%= HZ=3}
5% H7HEiHs F940 A7t glley, 10%2k
15% A7RolAe o2 os F7kstalal, A
HokSeong et al. 2014)2 )z} 3% ©]5}9]
A7HEE 7941 A7 /ey 6%t 12%2]
A7ROAE 941 S7HE BTl stof 2
AP FARE B YRl T2y Fopt &£
HKim & Choi 2013), $A3 E%(Shin et al.
2015), 2HH]ok! £ZH(Kim et al. 2007), &4
79 Edilee & Jin 2015), EF27} AE(Lee
et al. 2013a), "9 EZ(ung & Lee 2011) H
A=o] H71g SVl et B719] A A
SHTEAL o] 2 A+t Ael= e FEE Ko

=
34
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All values are expressed as mean =+

SE of triplicate determinations.
are significantly different at p<0.05 by Duncan’s multiple range test.

*“Values with different superscripts on the bar

Fig. 3. Hardness of rice cookies prepared with different quantities of Hericium erinaceus powder.

8. W7o Mz
lﬁ%ﬂdOltﬂfi = 7R dElst] AR
4 QFof 2 AF7]9] F9
A2 Fig, 59} F1, Mg S5 Aik= Table 5
o] Y= & YEHE L3 =339
oAl Be| 7ol Sl wet Hash=
AEFE HAAL, 7% A7 72.85 £ 1.45% 7

g e ke HFow fEEIE 49459 Fol
£ Bk HUES YeRRs aghe gxFol 7}
A vigrom], wRgeoluil R A7t 37
wet agre foldow Fukstgon 7% AR
o 714 A Uehgeh. FUEE vehl W5
bk dxTH HIRE Aol el Aol
o] glglth, WIS QBo] 78 5 7] 2

Table 5. Colorimetric characteristics of dough and rice cookies prepared with different quantities of

Hericium erinaceus powder

Hems Treatment”
Control 1% 3% 5% 7%
L 78.03 + 1187 7750 £ 0.67° 77.02 + 1.47° 7598 = 1.59° 72.85 + 1.45°
Dough a -1.51 £ 0.31° -1.15 + 0.33*  -0.63 £ 021 -042 + 0.32° -0.37 £ 0.35°
b 32.03 + 0.73™  30.89 + 0.83 31.83 £ 0.55 31.87 £ 0.93 32.44 £+ 0.68
L 82.08 = 0.79° 79.08 £ 1.41® 7466 + 3.98* 7371 + 373 70.67 £ 1.78°
((::(f(l)llitieOf -0.13 % 0.14¢ 1.64 + 1.05° 2.10 £ 0.95° 3.10 £ 1.18" 3.17 £ 0.93*
b 29.41 + 0.80*  28.97 + 0.62° 29.34 + 1.76* 3122 + 0.70® 31.82 £ 0.43°

UTreatment: See the legend of Table 1.

PAll values are expressed as mean + SE of triplicate determinations.
Ya-d: Means in rows with different letters are significantly different(p<0.05) by Duncan’s multiple range test.

“NS: not significant.
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(crust)d] Lgk2 tizxwto] 7P =A YErd,
LFZeolu A Bt 3% ol M ERE 59
o7 gopgon 7% M7t 7P ol F240
St =FF oA BT A7 =<=(Oh
et al. 2010), A7|"(Yoon & Lee 2004), A
tH(Choi & Jegal 2012)2] 915+ ZAujoAx K
A=l WA o] H7KF S7t whet Lak 2
Aot AoZ BuEo] B A3l fARSE S
ver it &7] B(crust)d] agh tiRatol-
0.13 £ 0.148, =g qo/4 28 71gF 5
7hell whet gt FH0RE EoAs AT B
At eFggol A £ H7KE ==(Oh et
al. 2010), 471 (Yoon & Lee 2004) ¥ Xtk
2l(Choi & Jegal 2012)9] agtZ 4% A+ 2
Tt FARRE A Bt BF7] B(crusd
bghe tixo] 29.41 + 0.80& LF-Fgo|HAl
2 A7FF 371 wet bits SVt AT
Hol 1% A7HES ALt BE A7 g2
T= §YZHQl AJolg HAFY. o]2f3t At
LEF oAl Es H7Iet A7|"(Yoon &
Lee 2004), Z84+Z(Yang et al. 2014)2] A+
NHE =FZPolHA H7FF S7tol whet bk
7Rt A7t fAboltt. v =23
oA Eo] H7kE ZEtHA(Choi & Jegal
2012)9] AFdiks e RggolHA 2 A7k
7t whet bt Aachs TS HojFo] 2
AT} zlolE HojFQe) waEka LFg ol
A EES 7R & oBo] 12 &F7] Z(crust)
MEO] AL L3h2 T oAl o] Wk
37t wet f9AH0R WobHal, aitd bt
LRFPolHA B H7kEo] 371E R9
o3 Fopgrt. ot Ak 7eA AR A
7He 509 AS YA HER 354 4
TS vF Ao Y7

V. 8oF 4 A&

2 A7e LFFdoA 29 7154 54
= ol&sto] AEF AAEEHA ol§ 7HA 9] Higt
AFE =FFPoIHAl TS 44 0%(H=D),
1%, 3%, 5%, 7% A7t BF71E Axsto] F4
=4 9 e 8BS SHEIAH. =R ol
T A7 AFT)0] dRMIE 24 AN o E
EREeIHA 2 W7HE S0l wet
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radical 2753 ABTS radical £A62 =53
FolwAl 2 H7HF S710l wet freld o
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W2 WS Ko dixdde 73Rl Aol
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