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Abstract

Black chestnut (BC) was obtained through aging of fresh chestnut (FC) at 80°C for 15 days. Proximate and mineral compositions
along with colors of FC and BC were evaluated. With aging, moisture contents decreased by 50%, whereas sugar contents,
carbohydrate contents, and calories increased. Contents of minerals (Fe, P, Ca, Na, Mg, K) were significantly higher in FC than
in BC, showing an order of Mg < Ca < P < K in both FC and BC. Using a Hunter color system, it was found that lightness
(L), redness (a), and yellowness (b) values of FC were higher than those of BC. Antioxidant and cytotoxic activities of hot water
and ethanol (50, 80, 100%) extracts prepared from FC and BC were evaluated. Extraction yields were lower with FC than with
BC. Among water and ethanol extracts, water extract showed the highest DPPH radical scavenging activity for both FC and BC.
ICsp values for ABTS+ radical scavenging activities increased after aging. Cytotoxicities of FC and BC extracts were similar to each
other. They were different against various cell lines (3T3, HeLa, and Sarcoma-180). These results suggest that BC could be used
as a new processed food using chestnut.
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Aol 1, 23|82 3]5} 2 (FX-27, Daihan scientific Co., Ltd,
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Wonju, Korea)E ARE-SEo] 550 ColA 42l oz &4
St 2T 2 Kjeldahl 578X (DNP1500, Raypa,
Barcelona, Spain)Z ©]-835}0] KjeldahI'] 02 HA5lo] AL
AAaggo] jre] AAaASQl 530 Foto] AL, XA
SF2 soxhlet 57X|(C-WBA, Changshin science, Busan,
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Adbl ek Alg 59 F7]0](Mg, Al, Cu, Fe, P, Zn, Ca,
K) 4 92 &3 d¥tA @ ¥ (Korea Food & Drug
Administration 2018)0]| wha} A3519ict wpAbE 24 £
st A]&E 0.3 go] 10 mLY) AAHK(Daejung, Siheung, Korea)<
% 2]t &, microwave digestion system(8000 MPS, Perkin Elmer,
Beaconsfield, UK)S ©]-&3}o] 30 bar, 170°Col|A 108 =<t
ANmE &3] Gafistitt. &3 ARE 2o A &
32 SRTE 53 o] His 83t ths o] ¥HA|(Whatman
No.2, Whatman Co., Maidstone, UK)E ojist & A|g gHo
2 AHgieTh A9 891 o) §7l0]e BHL SEAY B
kA0l B4 7] (Optima 5000 DV, Perkin Elmer, Beaconsfield,
UK)E ol8310] Jeong 5(2012)9] W0 BASIGT. &
220} 7fAE o2 Z7EAS 0.8 MPaQ] Yo g ARSI
11, gas flows= plasma 15 L/min, nebulizer 0.8 L/minZ, 2+ =
6,000K 0.2 AA35}9ch A2 autosamplerS 0]&5ko] F9]
UL AR 48 1.5 mUminC & o] EA3Hgc)
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Aol ARE A E S AHA|(Chrome Meter CR-300,
Minolta Co., Tokyo, Japan)E ©]-&5}o] ML E =45}t
R4S e UE A] AT THRE olgatol 22t
R 32) SHsto] SAeleITh AL B ighnes)S et
W+ Lk, AT (redness) S WEMW &= kT S & (vellowness)
£ el bgto 2 eItk AR B2 Aue] [
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95.62, af¥< 0.66, bal2 1.06°0.2 A=}

5. F&= M=

A S5re] S 9 AR 24 252 fsto] 8
Wa 22Ee Azaign. WA AU Sue 242 547
(HMF-3008S, Hanil, Seoul, Korea)2 <F 5871 B3}t 3=
Z 8= water 2 50, 80, 100% of|et2-S o] &3t on 7+
Zh i3} 1:109] H]E 2 S TR 60T 8440l A 150 rpm
0 2447 B WS 2EHET. 229S Whatman
No.2 oJF}A|E o]-&sto] o3}t &, rotary vacuum evaporator
(Rotary evaporator N-N Series, EYELA, Tokyo, Japan)& ©|-&
ste] G0 ColA 5u s aleich %ol ~s0Co] ¥ of
2 S AZAZX7]|(Freeze dryer, Ilshin Lab Co., Dongducheon,
Korea)g ©]-&5}to] 5 mTorrol| A 72417t 5t 524X &
Az 2L ARZ SS9 2 AR B 22
T A S T U] AT 5E4XE £ 5%

o] Wz Uehyolct.

6. DPPH 2ICI& A5 &3

ZA}-5-o] 5 (electron donating ability, EDA)2 1,1-diphenyl-2-
picrylhydrazyl(DPPH, D9132, Sigma-Aldrich, Missouri, USA)
2t &7 848 ST Yang 5(2012)2] ¥ w2t
Y5199}, Dimethyl sulfoxide(DMSO; 472301-500ML, Sigma-
Aldrich, Missouri, USAYE 0]-8&-3}o] A|2E ¢H35| S3A1Z1
3 0.45 um PVDF ZE](Millex® PVDF syringe filter, Millipore,
Massachusetts, USA)E o] 3}5}o] A %3}t 25, 50, 100, 200
ng/mL HE9] A7 29 20 ploj 180 uLe] 0.1 mM DPPH
|8 7t & 2087 GA A BESAIZ] T2 micro plate
reader(INFINITE 200 PRO, TECAN, Mannedorf, Swizerland)E
o]-g-sto] 517 nmoJ A FFEE S5t ST 4 ol
&sto] ofeje] Ao 93f L AAG (%S A4St

Al

ZF A A=(9 s FEE
DPPH &2 2A% (%) = (1 — Nze =gz 100

7. ABTS'OH| oI5t Eitets] £d

ABTS' TjZF 2752 Jun 5(2014)°] WHOZ FAISHG
t}. 7 mM 2,2 -azinobi-(3-ethylbezothioazoline-6-sulfonic acid(ABTS;
A1888, Sigma-Aldrich, Missouri, USA)2} 2.45 mM potassium
persulfate(379824-5G, A1888, Sigma-Aldrich, Missouri, USA)&
A29] FAA 12A17F B3t WA sto] 2Hr)Edg AAAIZ]
T 734 nmo| A S3FE Zro] 0.70+0.027} F L= phosphate
buffer solution(PBS)C. 2 3]A 35l A3 o] ARESIAL} A&
= DMSOE ol-&sto] &35] §3§A1X1 & 045 pm PVDF 2
Bl2 ojysto] Ago] o] 8sAtt. A& 20 uLojl ABTS AJoF

< 180 L H7Fste] QFAolA 1083F ¥FSAIZ] - micro
plate readerE 0|85} 734 nmof| A SR E =5t o0,
ot Ao oJ&f L £ASS AHET & 50%Y o
AASS RS AIR9] $E(Ch mgmD)E Lehf it

N ANET T3
ABTS+ @z 2A% (%) = (1 — D % 100

8. M=Z=d HIt

UM EZA TpQA HGolA LS 3T3, QU7He] AAF AR
A3 Q1 HeLa, WA S-5QHA| Q] Sarcoma-180< ©]-8-5}0f
MTT[3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assayS A]YolFTt 4 WHH-2 An 5(2012)9] ¥
HS Wgsto] AXBHATE AEEE 96 well plateo] 5x10*
cellymLE EF3F & 5% CO,, 37 COA 24X]7F 53T Bl Fsto
FHo| FRAFTE B A2 AlRE FEEQ2S5, 5, 10
mg/mL)= A 2|5to] 48A17F 57t BREAIXT ohE Z2E] wello]]
5 mg/mL MTT-8-(M2128-1G, Sigma-Aldrich, Missouri, USA) 10
ULE F7kste] 3A17F 59F WA T AT HS AARE T
DMSO 50 pLE A71ste] & 591 th3 micro plate readers ©]
|5t 595 nmel| A SBEE S5HAH S8% SBEE °f
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0.05914 S&AMdE AASIAL, SRARI 4 Student
testS AA5F0] p<0.05, p<0.01, p<0.0018 7|51, S5
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Social Science, SPSS Inc., Chicago, IL, USA) version 27 =71
Hog EAsla, A3t Bt Aol one-way ANOVA
Z 79942 913t & Duncan's multiple range testgE ©|-&5}
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gO & oF 2dff F7I5FA AL, B T 100 gF 4.77 gollA]
29.63 gO 2 OF 6.18] =715} tH(Table 1). © =y Z
I F £ 2roA SA7I7HS AXE Bt 84 HH3o|
ofsto] GR7F S7He AL & Holw, o]} e A= &
9] g ko] LU= 231%, =4 1593} =
11.13%2 &TE &/d5ts &< S o] oF 4.84)
571 Kim 5(2017)9] 2%} FAFSHITE E3F -1 o
= 24} 7i7bo] ZHARt Wi FA| ofE] IR 100 g 110.30
kealo] Al 240.10 kcal©.2 28} 7}F Z7}6l9i=d), ol S8
dgo] HWto g FolEWA Uehd 4o R weHErh

m 5-(2015)9] Aol 9ot Sus9] A9 & ko]

S4 F 128 gashglel, 3] S8 Yol 4 B
oA 74t AT XSk SR SR} Kol 2T

WAL AT Sol A R 2l AolE YerA] o=
H, 2A2 L5H] S715kET, vhee] A% 23w 11
oY, 22 128, A2 2.2407F F71ste] <4dol o)
A Aol 23 B 2EMEG I HelEE A% f
ARSHAl WERETE 2y, vhsR ke He Wet e o
2 AA degeH, ol Ale B w4 279 Aolof ot
Aog weE

2. 27|0|1=2

At} SHEe] 7)ol FgE AR A= Table 20
eI AR 9 SREe] K 2 1,745.29 mgll 9
586.87 mg/L&E H-AJ3t 7]

o F 7V e TS teh
QI Mg<Ca<P 02 &2 FE Uehhgich Massantini
F)Y ATOAE B9 2702 B Kol g e &

Table 1. Proximate composition and dietary fiber of fresh
chestnut and black chestnut

A ke 24 33

Uebio] 2 Aot AAISHF AL, Jeong 5(2012)% O]
o] & Ko| 7FF &1L, Ca<Mg<P =02 &7 YEh
2}t FARSHT: et SHFo] 7)o T Zn
Al Jstar it w9 A S =AUt Jeon 52016y
85TCo A 43 SETZ AR F F7)o|2 FqFZ &%
St A3} Fe, P, Ca, Na, Mg, K9] &&fo] &= ZF451%1 31, o]
L E3te] 24Tl o] wALte, Trjo| o] &
EEo] et dAo|gtal sttt B Ao st
o] F7Iol& g ATt 4 5 o7 Fho UE F
710l €&l gt Ao = woEH

N, o

Mr 4o o

S

L

_l

3. Mz

e 9l S5e] AIe= Table 30 LERU AT Ahe] B
(L= 6581000, 574 & SH=2 30.112 S F] oF 2
ol WopHon, Ak (a)= AN 3.000014 S 2112 F7F
ZolEg9ot S9AQl Aol At FME (b= At
247900141 =/ & SR 2.660.2 oF oufj 71 Eol5o] 7MY
2 WSS YERW 1Tt Bedmitek 5(2021)°1 2J5Hd, 7714]
e 4% S B Pk 83.95004 18112 4.6
v Solxy, i FA Eb 22.030|1 4] 4.69% 4.78 A4St
Aok 98 AT &4 T SO MeE A5 AL
M= 98 A7 P 7089010, &4 F 254782 &
oFFAl AMEE -79601A4 6712 Fobdl Wiy P L=
3839004 &4 & 16.152 A5 tHLee & Kim 2020). ©]
o g2 ANE & o $4 $740] HFE 4FM A=
HSE W7, 53] Bk 2 FAES] et & IF

_IIOI'

Table 2. Mineral content of fresh chestnut and black
chestnut

Sample (ppm)

Mineral
) Sample (%) Fresh chestnut Black chestnut

Nutrient =02
Fresh chestnut Black chestnut Mg 412.19+11.68 202.20+0.38
Crude protein 3.03+0.06" 2.90:0.10 Al 63.91+2.00™" 7.61+0.06
Crude lipid 0.57+0.12" 0.90+0.10 Cu 7.35+0.73" 0.06+0.07
Crude ash 0.97+0.06 0.87+0.06 Fe 56.73+1.15™" 33.31+0.05
Carbohydrate 26.2340.06™" 57.97+0.32 Na 127.4142.54™ 104.64+0.96
Sugar 4.77+0.15™ 29.63+0.31 P 752.49+14.17" 267.52+0.66
Dietary fiber 5.93+0.15 5.700.10 Zn 6.26+0.29 7.1420.04
Moisture 69.200.00™ 37.3740.32 Ca 482.96+15.01" 245.01+0.28
Calorie (kcal/100 g) 110.30+£1.06™ 240.10:£1.04 K 1,745.29+41.45™ 586.87+3.70

Y Mean£S.D. (n=3).
2 Means with star markers are significantly different between fresh
chestnut and black chestnut by student’s rtest (p<0.05,

Fxk

<0.001).

Y MeantS.D. (n=3).
? Means with star markers are significantly different between fresh
chestnut and black chestnut by student’s r-test (‘(p<0.05, “p<0.01,

Fkk

"p<0.001).
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Table 3. Colorimetric characteristics of fresh chestnut and
black chestnut

Hunter’s color value"

Sample
P L a b
Fresh chestnut 65.81£0.5772  3.00+1.30 24.79+2.25™
Black chestnut 30.11+0.63 2.11+0.56 2.66+0.10

D Values are means+S.D. (n=3). L, lightness; a, redness; b, yellowness.

9 Means with star markers are significantly different between fresh
chestnut and black chestnut by student’s rtest (“p<0.01,
™ p<0.001).

© AR Hldh vEE 7HEAECA 2 A
HH-E-, maillard §H3- 50 2]sto] dojut=t], Ste] 2w
20 AA2of 3f £/ = = < a-amino group®] T
Hh85ko] v &4 02 ZHE L maillard ¥HS0] Tolg
O & WHETK(Kim 5 2018).

woEorlo 2 o
-

Em Mﬂ, 100% ofj&t %ﬁ% 645%= A8 5 F A=
=2 &2 UESl T AELL SAZCE ot &
ol= 3let. 4t Eﬁ} 80% OfgtZ< o]-&5t] FE5IUS
o 1830%% 7F =2 &2 YE I th(Fig 1). £ A%
I S5Ol & £E&2 B FF NN 47 5.33%, 11.76%
2 SHbo] 2214 &9k, 50% oeHE & RAoA = 742t
4.50%, 12.30%% S4ro] 27348 &=9kom, 100% of|ehe =
ZANA 247} 6.45%, 12.30%= SHbo] 1.91H] &2 3

2 ZAEo], BE & 81 oA AtET 4 & 5
"] & 80| F7Fsklth Purev 5(2012)] ?i?LOME
Aubsit SuksS %Ii% g 2 9 S5 Al T2
TEZ ST 2 F5 2400 et 1.39~13.018]714] A3
et S48 Svks9] £&°] F7ekloh B3t Kim 5
2017y S-&19] 40| 2P et 74 1P ES
ko] S7HE =T, ol &4 T AAIKY dAYE Bl
&7 Y i}@r%ﬂ T2 S doA JE &Eo] &old
F7] YRl A& HUSITE 2 A oAk SRSl %4
}g F AYRE st E8A JES0] 7HE8= o] A4t
Hrop SHFo] & $g0] 715 208 wuH

St & FE2E7 100% oghE 252 H|WotAS o
At SHFe] & 5 82 47 5.33%, 11.76%3 24,
100% OEre & 82 ZH 6.45%, 12.30%% YEY &
Hot ogrE9] i% 80| 2 AS & 4 Sl%lth Nam &

(o]

(2014 % Qu|X &5t &39S

Oll [ o) [u.[)]'

m{n

o

m{n
)
~J
S
X
9
-

ll

filo

O Frech chestnut

Black chestnut

Yield(%)

Ethanol concentration(%)

Fig. 1. Extraction yields of fresh chestnut and black
chestnut. " Means with different superscripts are significantly
different by Duncan’s multiple range test (»p<0.05).

FEHL ofEE

#2 A %go] 1859 S71eich

5. DPPH BIC|Z ANs

Adr g sRF HE & 55| dge FEEET Ay
02 £ T4 84S UERATH(Table 4). A9 9 S
o B FEEZ /\]i % 200 mg/mLo|A] ZHzb 89.24%,
51.07%9] AseS el RE 22 8 2 7} =0
TAe S Hlnh ol A&t Akl a3t oeE
FEEHY E FE2E904 o =4 vehd A3 A5kl
(Kim 5 2014). T3 A& &% 200 mg/mLof|lA] ZE &ujo]
FEE0| SR A4 &2 Ak &S vEl
T} Hwang JY(2011)2] Aol A= 90 CollA] S3t o] &
gz Tgol 10 & 158, 208 & 1.749) E01=3l3L, Park
5(2019)9] AFoNAE Z8 =252 25T E 90°Co]| Az
sto] gPArsE £ 4 HAEE BARH A 25T A=
W@ g/go] §A1E §H, 90 CollA= Akt E4do] A
25ttt A717ke] FA o] o5 wof 23t Ev=
*3%01 o], Akt &/o] RopRl= Ao E wtE
(Duodu KG 2011). A|& %% 200 mgmLoA= gt 225
o] SRl FEZEHT BE FEoA A4S EAdo] kot
100 mg/mL9] sEo A= §9]& 9l o7} Y] &ktt. 50
mg/mL2] BT oA 100%, 80% OJEHE-S 0] &3l &5
A 3HF =2 50| Pul 222} 3RS gH4go] k7l =9
o, tE SuoAE 8-9)AQl x}ol7} YERIA] gttt
25 mg/mLe] HEojAEe Autxog 3y 2550 gAlst
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Table 4. DPPH radical scavenging activity (%) of water and ethanol extracts of fresh chestnut and black chestnut

Ethanol Sample concentration (mg/mL)
Sample .
concentration (%) 25 50 100 200

Water 12.40+2.76*D? 19.88+2.78° 42.90+8.00° 89.24:+1.69°
50 4.09+1.77° 7.40+1.46° 24.09+2.68" 61.48+2.84°
Fresh chestnut ) de , b
80 3.97+1.06° 9.86+2.95 21.17+1.10 58.97+0.84
100 9.52+1.22° 13.23+1.91% 23.30+2.83° 50.2441.38°
Water 12.98+0.81° 19.113.64% 39.2445.41° 51.0742.11°
50 4.95+1.02° 10.60+2.11% 24.15+1.48° 37.1443.05¢
Black chestnut " b P
80 6.1140.63° 15.30+1.59 20.62+1.25 36.91+0.33
100 11.1940.75% 17.62+1.02° 23.2742.45° 37.65+0.94¢

D Mean£S.D. (n=3).

D Means with different superscripts in a row are significantly different by Duncan’s multiple range test (p<0.05).

ol AN F2ERT A ZHHoL fouat ol
OoIT). G A BT I 222 B
o] oA ICy ghe AT 2T FEo] v
2492 Lehf 9t Barreira $(2008)2 H
Fols), ¥ e 123 a8 0] Faeh e
RS 50% &SR 10002 ek g, 4 3

O WO A | i
)
4z
> [T

n: o (o, N

va rlo

S0t ) S A AL Ho ICy o2 HERA] ¥
3t9ict. ol W 3§ $5E9] DPPH gt £A50] v
A et # AT Aske dxstet

6. ABTS'0il 2|5t SHital=
AuF @ Sl 2Z20] ABTS+ 2tz AASS A|59)
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chestnut and black chestnut extracts.
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Fig. 3. Cytotoxicity of fresh chestnut and black chestnut extracts. (A) Cytotoxicity of fresh chestnut extracts in 3T3 cells,
(B) Cytotoxicity of black chestnut extracts in 3T3 cells, (C) Cytotoxicity of fresh chestnut extracts in HelLa cells, (D)
Cytotoxicity of black chestnut extracts in HeLa cells, (E) Cytotoxicity of fresh chestnut extracts in Sarcoma-180 cells, (F)
Cytotoxicity of black chestnut extracts in Sarcoma-180 cells.
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