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Antioxidant Activities and Quality Characteristics of Cookies
Added with Aged Black Chestnut Inner Shell

Eunjung Son, So Young Park, and Mee Ree Kim

Department of Food & Nutrition, Chungnam National University

ABSTRACT The purpose of this study was to evaluate cookies added with aged black chestnut inner shells powder
(ABCI). Cookies were prepared with three different levels (0.25%, 0.5%, or 1%) of ABCI. During storage, moisture
content was higher in cookies containing ABCI compared with control cookies. As the amount of ABCI increased,
pH of cookies added with ABCI decreased slightly, whereas acidity increased. The lightness and yellowness in the
Hunter color system of cookies with ABCI decreased during storage, whereas redness increased during storage. Higher
reducing sugar was contained in cookies with ABCI than in the control. Textural properties by texture profile analysis
showed that hardness and chewiness decreased with an increase in ABCI amount. Total phenol content increased
in cookies with ABCI. Antioxidant activities such as diphenyl picrylhydrazyl radical and hydroxyl radical scavenging
activities increased in cookies with ABCI compared with that of the control. It is concluded that cookies with ABCI
may be of high quality with antioxidant activity. In the preference test, cookies added with 0.5% ABCI showed the
high results in terms of overall preference and buying intention.
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Mz 3 g
A=
B Ao AbgE &3]3 WH(Gongju, Korea)S 793k
AAAS AAS T SHAS FolA] &% 50~80°C, &%

95%2] 235 7](TH-150TP, Hanyang Science Co.,
Seoul Korea)ol Al 154 7F /o] dizd A 242 (5)d

Z, g, d)E S4AA dxe 5 £ e BEo
/\}% shgith. F719] Alme WIFRECNA, B R CJ A YA
FE), AL, g, A, A CJ ALAZ (),
HE(F)F7], &4, &), ARHCE)LLF7DE dEvtE
ol A F-9ste] ARt

A= M=
&4 S&9 7 02 7% Joo9t Choi(18)2]
& Faste] Azl e vigel= Table 13 2T} H
, A", &we ARkl ¥57]1(Model K5SS, Kitchen
Aid Co., St. Joseph, MI, USA)ell Yo] 2vto g zHE A7)
a1, a7—$-— 330 o]l Yo 533 £3ste] AH A
THEQITE of7le] A= W vy Ey &9 VHRE YA
%6 T Wl 1A FAA R FAA WSS
mm FAZ HE T 27 40 mme] 93 F7] E2 Ao
A Esle] 170°Ce 2 E(G-501P, LG, Seoul, Korea)ol A
1283 A A E FI)E Aol A] 1417 Wy o
@ﬁd Al 22 AHE3FI T

F71°] F8 FFS SAHY] A8 4 A= ok 15 g&
3to] Ao 84 7](ISCO, US/Retriever 500, Sar-
torius GMBH, Gottingen, Germany)S AF&3fo] =43}
i, SA Alme 33 v FAske] 1 Fatghs eksinh

22 3,000 rpmol A 1587 ¢
o] @& A(N-1E Brix 0~92%,
Atago, Tokyo, Japan)& AH&3sle] S43I3). U

Al&2E 3,000 rpmoll A 1587 AR &ho] 5 Ae 3

Table 1. Recipe of cookie added with aged black chestnut inner
shell powder (unit: g)

ABCI ABCI ABCI

Ingredients Control 025%"  0.5% 1%
Flour 100 99.5 99 98
Chestnut inner shell 0 0.5 1 2
Butter 55 55 55 55
Sugar 30 30 30 30
Egg 15 15 15 15
Total weight 200 200 200 200

YABCI: fermented chestnut inner shell. Percentage means the
weight% of total flour weight.

3}e] dinitrosalicylic acid(DNS)oll 2|3 u] A o 7 .34
EA(Model UV-1800 240V, Beckman, Fullerton, CA,
USA)E AFE3le] 550 nmollA F3 =5 SA3I80th. 5
=42 glucose(Duksan Pharmaceutical Co., Ltd., Asan,
Korea)& ¥ 2 WhgAAH 23 38H3lTh

A

A== A 21A (Digital color measuring/difference cal-
culation meter, model ND-1001 DP, Nippon Denshoku
Co., Ltd., Tokyo, Japan)E& A}-&3}] Hunter L#k(H X,
lightness), a#t(A M=, redness), ba(EM%E, yellow-
ness)& 33| W5 A5t Jygto g Yehliglth F71&
HAEZ 4 (50x12 mm)ol| Hol MEE =435I} Stand-
ard color valuet™= L%k 110.1, a%k 0.24, bk 2.75, AE#:
0.00¢1 calibration plateE X FOo &2 ARE3F T

pH & L=

pHE AR 4 g& F&te] 36 mLe /755 HUlshe] ¥
31 Bag Mixer(Model 400, Interscience, Mourjou, France)
2 #&3(speed 7.2 min)FARt}. 3,000 rpmel| A 1553+
YARY 3 & AF NS FH35}e] pH meter(420 Benchtop,
Orion Research, Beverly, MA, USA)Z =43t}

A A7 AES] s 10 mLE F38te] 0.1 N NaOH
buffer® o]-&3slo] pH 8.371% =4938}+= o] €83 NaOH
(ML) acetic acid FF (@) =E 3Hiksto] FAF S8
FAIBA T

ES ST

F719] B4 texture analyser(TA/XT2, Stable Micro
System Ltd., Surrey, UK)E A}-8-3}o] 53] o] Z43}A
th. A& 5 mm2| plungerd ©|&3te] Z=(hardness)E
439t BAF71LS pre test speed 3.0 mm/s, test
speed 3.0 mm/s, post test speed 3.0 mm/s, distance 5
mm, return distance 20.0 mm, contact force 5 g2 3}

ow F719] mWol =i ARHF & FAsAUH.

e
4 &4 o] phosphomolybdic acid9} QF-g-3Fe] 2 A4
S YE = 84S 9]83 Folin-DenisH(20,21) 2.2 =
319 o] MErS 50 mLE mass up 3 § 124
,000 rpm O 2 4°Coll A 1087 94 &
S N ATFF72 & st 5
FEWS A FEE 200 mg@ 1 mL WEHES 37ts
o] 200 mg/mL FE9 FE2E &N& A3t A5 o
2 Atk 55 2.5 mLell 20 mg/mLE 34 =
0.33 mL, Fohn Denls 0.16 mL, NasCO3 ¥3}-8MS a1
- 760 nmoﬂ/\ﬂ FHEE SA3S F
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Pure Chemicals Co., Ltd., Kyoto Japan)& A}-&3}%t}.

DPPH Z}C|Zt A7iS

Als 1.5 go] HEHS 50 mLE mass up 3F & 1241+
¢F 150 rpme. 2 wslar 3,000 rpm, 4°C 24 10
AR sk doxl FFAE FH3 filter paper®
205 AF3EF5712 $WE sty FEEHS 42
. FEE 200 mg? 1 mL vWEE-S H75ke] 200 mg/mL
Azt Als &R0 A3t
49 50 uLel 1.5%10* mM DPPH
(1,1 diphenyl-2-picrylhydrazyl) € 150 pLE 713k &

0% ol EFF=A(UV-1800 240V, Beckman)E °]-&
—}04 515 nmellA FFE=E SAstlon, gz 27%
(%)& b Ao ALgt & sxd E‘r]:] Z 2A% o
st AFAolA oz A%l 50%7 HE 5%E%1 1Cs
e Tt

Free radical scavenging _ Abspppi— AbSsample

X1
effect (%) Abspppru 0o
Hydroxyl 2IC|Z AHS
A& 3 goll WErE 50 mLE ¥ & 15417 59F 2 unk

]
3k S 3,000 rpm O & 4°Coll A 1087 €4
o] A5 dS evaporator® £ujE 3 Hsle] FEE
At %5 200 mg¥ 1 mL PBS bufferE #7}sle] 200
mg/ml F50] FE5E NS A Fdlo] A B LHoF ALL
st xR 343 A8 &9 0.15 mLol| PBS buffer
0.35 mL, 3 mM deoxyribose, 0.1 mM ascorbic acid, 0.1
mM EDTA, 0.1 mM FeCl;, 1 mM Hy0; &S z+7} 0.1
mLE ol & mukd  37°Cel A 1AIZE Fek g A AT
Hkgo] By & 2% TCA €43} 1% TBA £4& & 4]0
100°CellA] 2023t W3-8k thf 205 Yzhste] 4w
2] &L Fskol EFFE=A(UV-1800 240V,
Beckman)& ©]€3l4 532 nmilA EFLE =A5¢ 0
M gz 24T e o AN F s

AL oR O
0o 1=

oz 2% digk Aol A g &A%l 50%7t 5
= FEQl ICsos T3St
Free radical scavenging _ ADbSblank — AbSsample <100
effect (%) AbSpiank
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2.60%, <74 S&7 0.5% 7t F71& 2.82%, 74 S5
1% A7} F71%= 2.97%=, % = B
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Table 2. Moisture content of cookie added with different amount
of aged black chestnut inner shell (ABCI) powder

. ABCI ABCI ABCI
MO};“"C 0.25% 0.5% 1%

0 ) 325004 2.60£0.10% 2824025 2.97£0.17"
All values are meantSD.
Different letters (a-c) in the same row are significantly different
by Duncan’s multiple range test at P<0.05.

Control

Table 3. Soluble solid content and reducing sugar content of
cookie added with different amount of aged black chestnut inner
shell (ABCI) concentrate

Soluble solid content

Reducing sugar

(°Brix) content (%)
Control 2.150.00° 0.30+0.00°
ABCI 0.25 2.20+0.00°¢ 0.34+0.01°
ABCI 0.5% 2.37+0.06 0.38+0.02°
ABCI 1% 2.50+0.00° 0.43+0.00"

All values are mean+SD.
Different letters (a-c) in the same column are significantly dif-
ferent by Duncan’s multiple range test at P<0.05.
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°Brixg® YEHth 7HAd 18 & &
Fol SRR FolAE BIFS BT
HA7FeHA] &L control2 A9 E U A] Al S&9] A7)
F7] 7l FolH A Aol 7t 1= AATHX0.05).

AT E S4 SEY Hrr et St AEE o
ERATh 4 S&9 & H7bebA ¥ controlo] YT
2 0.30%, &4 =59 0.25% @7} F7]1= 0.34%, 0.5%
% d S5 H7F 7)1 0.38%, 1% <4 &3 A7 F7)

= 043%% A el F94 zpolE ‘JrE}lHOi‘:}(P<
005) ol A &1 AAQ UG ol 1192 =
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Table 49} 2t} 4 S&v 9 HE, A% FATE= 7}
7} 46.47, 8.60, 6.24%t}. <4 i%\ = F7] 0.25, 0.5,
= W& HrpekA &

1% #71e #7198 v 54 5§
control, & F7] AA= 81.71, 4 &9 0.25% A7}
7] 78.88, %A E&3] 0.5% H7F )= 77.09, A

289 1% 7} F7)= 72.622 &4 389 7k uel
WErt dop on A ol 597 olS e
(7X0.05). #7198 ANE 54 A3 &4 5595 #1718t
A &€ control& 7.07, 0.25% <A &y H7 7=
741, 0.5% =744 &1 M7l F7)%= 855, 1% 4 &9
W7t F7) 8.88% &4 S&Y Hubeel upel A st
S7hsl e, 0.25% <4 &9 H7F F719F 0.5% <4
&9 H7F 71, 0.25% 4 €9 M7 F19F 1% 54
&5 H7F 1A R {24 ZfolE e ATHZX0.05).
719 FAE 54 A7 54 SEIE WA ¥
control< 35.51, 0.25% =4 5&3 7} 7% 34.08,
0.5% <744 559 H7F F71= 3066, 1% <4 =537 37t
7= 27.35% 54 559 b uet FA e} do}

Oﬂi Al (ol §-914 ApolE VFER ATHX0.05). ©]
&y B3-S #H718ke] 0.5%, 1%, 3%, 5% 7} F7]2
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Table 4. Color value of cookie added with different amount of
aged black chestnut inner shell (ABCI) powder

[os

oLt Wdet= ol g v
Hnoz A JrH23)
pH % M

<4 S§9 HUM & F7)9 pH % 2tE &4

AT = Table 59 2t} 54 &3] A9 pHE 3.51°1%
o &A 89S HUER &L control?®] pHE 6.40,
0.25% %74 Z&31 H7} 7] 6.21, 0.5% 4 &9
A7 FAE 611, 1% S4 S8 W7h F)E 60302

aste] A4 599 7 o] SUMETS vtolxlon
At ko] Fo] A kol & YERNATHX0.05). o]= v
A7k F71(14), 49 B2 A7k F71(15), Fv] £71(19)¢)
AT AN E dxzaHT AlRE H7MeE oA pHE
U stolzithkeE Hael Al F7] w5 nks A7t
715 H7Vge] SRS pHYF wolbAIH(14), 9 8
A7} F71& H7FFol S-S pH7F Rolxittal Bl
MJ—(15) FrA 2 7V 7Y ) Al Horegel FU e

= g2 pHE HATH24).

Mg Z89] A 9] AR 0.631%%9 01, 54
= #H7V8kA & control& 11.77%, 0.25% <4
x47} 715 14.97%, 0.5% <74 &9 #7F F7]1= 16.2

1% %4 383 H7F F7)5 18.67%2) AHEE Hof &
g S0 Hrbo] USSR ATt ol on, Ay
T 2Fe] fre) A ApolE HATHX005). o] e ruke
7hek FI)eA Hdever HrbeFo] F7tErE LRIt Hot
AT Aet FARFATHG). Wl citric acid, malic
acid, quinic acid & 3FF¢] f7]4ke] EAISFAL 15 citric
acid®} malic acid9] g&o] AA 77|k 97%E 2HA| g
thar B A TH25).

5

o ok

N e &

&Y
%

s/ S5 Ao e F719 B4 texture ana-
lyzer®2 ZA3st9)om 1 A= Table 63 o). FE9
A9 A4 895 HUIeA &2 control 5,665 g, 0.25
% %A S8y H7F F7)E 5,233 g, 05% 54 S8y A7}
T 4,908 g, 1% =4 SV A7 1= 4,532 gR
FoH oz s rH/X0.05). ol A5 Be AUt

Table 5. pH and acidity of cookie added with different amount
of aged black chestnut inner shell (ABCI) powder

* * *

L a b pH Acidity (%)
Control 81.71+0.10°  7.07£0.05°  35.51£0.06" Control 6.40+0.02° 11.77+0.25°
ABCI 0.25%  78.88+0.14°  7.41+0.38°  34.08+0.32" ABCI 0.25% 6.21£0.02° 14.97+0.06°
ABCI 0.5%  77.09+0.07°  8.55£0.31°  30.66+0.10° ABCI 0.5% 6.11£0.06° 16.27+0.25"
ABCI 1% 72.6240.12°  8.88+0.15°  27.35+0.06° ABCI 1% 6.030.02° 18.67+0.58°

All values are mean+SD.
Different letters (a-d) in the same column are significantly dif-
ferent by Duncan’s multiple range test at P<0.05.

All values are mean+SD.
Different letters (a-d) in the same column are significantly dif-
ferent by Duncan’s multiple range test at P<0.05.
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Table 6. Texture of cookie added with different amount of aged black chestnut inner shell (ABCI) powder

Control ABCI 0.25% ABCI 0.5% ABCI 1%
Hardness 5,665+101° 52324215 4,908+244° 4,532+242¢
Chewiness 735+49.6™° 604+81 607+54.1 331+58.4

All values are mean+SD.

Different letters (a-d) in the same row are significantly different by Duncan’s multiple range test at P<0.05.

NS: Not significant.

sol e 7))
qow 7xs

) & 52 G
A A=Y 2
F7hetel 71l

2o} fA1SH) BRE AARFE A
& BIATHI6),

o g2 VA= JEst F
] 3

o
-
N

-

A & control& 735, 0.25% %A &4y H7} #7
604, 0.5% =74 Z&3 A7} F71& 607, 1% 74 &9
A7y F71= 3312 2 A& F 99411 Aol HERA
Gt o= =4 ST HIFEe] Sl wet ol
F7Vekal w7t wolA = A dEs w2 o= o

e,

Ot
0|I

o= g

A 58T Wl 2 7|9 FolE 3% 54 A
Fig. 13} 2t} 54 5395 AU %2 control?] &3
=9 42 0.12 mg/mL, 0.25% 54 &3 A7} FI)+=
0.44 mg/mL, 0.5% <744 559 7} F7]= 0.56 mg/mL,
1% <4 Z&3 H7} $7]+= 0.63 mg/mLE <A 3839
A7bego] Skl whet FolE ol TS Btk 54
SE9E H7bekAl B2 control®t 1% %744 &3 A7t
FIA A= FY9HR1 &) & YEFITH(X0.05). o]+ &7
o] ol M E FEEA Tl FFol veste] dAkstAd ol

Al

_|101' i

et A7 Park 5QDI fAME AE UEh)gl
0.8 1
a
5 0.6 A ab
£
CE” ab
§ 04 A
Q
- 02 A b

control 0.25% 0.50% 1%

Fig. 1. Total phenol contents of cookie added with different
amount of aged black chestnut inner shell powder. Different let-
ters (a,b) above the bars are significantly different by Duncan’s
multiple range test at P<0.05.
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A3hg Bt o) 44 SEAE A g Fnn
G4 B8 2004 B8 Be FUE 55 /08 5
2% ERUE

DPPH ZiC|Z ANS

DPPH &tz 27 &4 A3} ICs 742 Fig. 29 2t}
A SEYE HI7FSHA] %2 control?] ICs52 29.48 mg/
mL, 0.25% <4 33 A7} F7]= 28.38 mg/mL, 0.5%
54 58y 7 F1E 26.67 mg/mL, 1% 54 &)
H7F F7)% 24.80 mg/mLE 54 S8 9] Hrlgko] F7}
4= [Cyo ghol ol tHIX0.05). o= DPPH 2oz 4
Aol oAl = o, #4 557 WPt 54 S8
HA7FelAl @2 control F7]0l| HlE| ksl G397 S E S
v, BEE 9E F7ld Hrtste] kst @48 AT
Aol A Eke] HrheFe] F7H84-% DPPH gl &4
sol Folxithe Aot ARG ANE HAATH28).

Hydroxyl 2IC|Z AHs
Hydroxyl e}tz &715& 5743 A3 1Cs 3k Fig.
37 2t 4 SE9E HbeA €2 control®] ICs0<
48.30 mg/mL% 2™, 0.25% 4 &3 H7 F7]9 IC5o
€ 40.15 mg/mL, 0.5% <4 &3 7 F7]¢] ICso
35.61 mg/mL, 1% %78 &3] 7} F7]¢] ICs0& 32.05
mg/mLi 4 5599 Hrbgo] 7kl whet 1Cxo #hol
23R THX0.05). o]+ hydroxyl 2ozt A7 5] o}
w Aow, &4 BEv) A7 FFol FNHE5F 4 &
& H7FskA &2 control® vl 4bst g 3F SoiE 9L
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1C50 (Mg/mL)
S

o

Fig. 2. DPPH radical scavenging activity of cookie added with
different amount of aged black chestnut inner shell powder.
Different letters (a,b) above the bars are significantly different
by Duncan’s multiple range test at P<0.05.

A3} Table 73 2o}, A4 IS 1% <A
%7} ?—71 7} 53702 71 wokon, 4 S& 9
S controle] 3.48 g 7} gk}, o]

[«0
—|—’

ro o, it ot

37t

&9

A7F R =
é%ﬂ B H7l2 a8 ¢ control F71 R A%
=& A 3 Ao wdEn. 4 5899 2 1%
S S5 H7F FI1AA P mReH 4 SE9E
HA7FekA] &2 controlol| A 71 SEokth WE S SA4 5
3= FH7EHA %S controloll A 458 o2 7 =4 Y
gkow, 1% %4 S&9 M7t 717 7 wokth 54 =
EIE #HUkek F7)= HEFo] A4 ST 9 & o3

60 1

50 A

a
b
40 ¢
Cc

30

20

10

04 , . .

control 0.25% 0.50% 1%

I1Cg0 (Mmg/mL)

Fig. 3. Hydroxyl radical oxidation activity of cookie added with
different amount of aged black chestnut inner shell powder.
Different letters (a-c) above the bars are significantly different
by Duncan’s multiple range test at P<0.05.

g “AAE Ao Azt duke g2ty &9 Ao
B fro] Al Aol 7k gt Ak g 54 5819
B 1% 54 83 HUt FIlelA 443, 43002 =3k
o &4 E89E HrlelA &L controloll A 7Hg Wk
b H282 oAl 2ol 7k Yk AEE ol A Aol
© HolA] &tk YtellA =AAE AR, =4 S&T
o] o] Az A3, A F =AM E 1% 4 559 A
7V 717} 242 5.1, 4.7, 5.1, 51802 fFoldoz =9k}
(#7X0.05). o= =4 S&3 B izt o3 2 Fol

@ e
b oA P B =AAE Qo dew,

Table 7. Sensory characteristics of cookie added with different amount of aged black chestnut inner shell (ABCI) powder

Control ABCI 0.25%" ABCI 0.5% ABCI 1%
Appearance 3.4+0.7° 3.4+0.7° 4.9+0.6° 5.3+0.7"
Odor of ABCI 2.74+0.6° 3.6£0.5° 3.6£0.5° 4.7+0.7°
Odor of butter 4.5+0.3 3.440.5" 3.8+0.4% 2.9+0.3¢
Sweetness 4.0+0.9" 4.1+0.9 3.7£0.6 3.240.5
Nutty taste 3.240.4° 3.9+0.7 4.3+0.6" 4.4+0.6"
ABCI taste 2.1£0.2° 3.0£0.2° 3.840.5%® 4.3+0.9°
Astringency 2.3+0.7" 2.5+0.4 2.7+£0.5 3.0£0.5
Hardness 4.0£0.5™ 4.3+0.9 4.3+0.6 43+0.4
Roughness 3.5+0.4° 3.940.6™ 4.3+0.3° 5.1£0.2°
Sense of difference 2.9£0.7° 2.9+0.7° 3.7+0.6° 4.7+0.4°
Chewiness 42+0.3° 4.0£03° 4.6+0.9% 5.1£0.5°
After taste 4.3+0.3° 4.2+0.2° 4.4+0.3° 5.1+0.4°

All values are meantSD.

Different letters (a-c) in the same row are significantly different by Duncan’s multiple range test at P<0.05.

NS: Not significant.

Table 8. Preference test results of cookie added with different amount of aged black chestnut inner shell (ABCI) powder

Color Taste Flavor Hardness Overall preference Buying intention
Control 4.440.1" 3.9+0.3° 4.5+0.5™ 4.5+0.4" 4240.3° 4.040.2°
ABCI 0.25% 4.4+0.3" 4.7+0.4° 4.6+0.7 4.7+0.5 5.0+0.5" 4.7£0.4™
ABCI 0.5% 4.840.4" 4.5£0.7% 4.840.6 4.7£0.7 5.4+0.5° 5.1x0.4°
ABCI 1% 4.0£0.2° 4.4+£0.6™ 4.5+0.5 4.8+0.6 4.4£0.4° 4.4£0.2™

All values are meantSD.

Different letters (a,b) in the same column are significantly different by Duncan’s multiple range test at P<0.05.

NS: Not significant.
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