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Abstract

The purpose of this study was to provide the basic data of butternut squash (Cucurbita moschata) according to the drying methods.

The proximate composition and chromaticity of freeze-dried and hot air-dried Cucurbita moschata powders were evaluated, and the
antioxidant effects of these ethanolic extracts were analyzed by DPPH, ABTS, FRAP, reducing power activity, total phenolic, and

flavonoid content. As a result, Cucurbita moschata was revealed to have high carbohydrate and crude protein contents, while crude

ash and crude fat contents were relatively low. Also, it was confirmed that the hot air-dried Cucurbita moschata had lower L, a,

and b values than the freeze-dried Cucurbita moschata. Additionally, as a result of analyzing the antioxidant activity of Cucurbita
moschata ethanolic extracts, hot air-dried Cucurbita moschata ethanolic extract showed significantly superior antioxidant activity than

freeze-dried Cucurbita moschata ethanolic extract. Also, hot air-dried Cucurbita moschata ethanolic extract was revealed to have

a higher polyphenol content, but slightly lower flavonoid content than freeze-dried Cucurbita moschata ethanolic extract. Based on

the data from this study, further experiments on Cucurbita moschata material are necessary.
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1. AEMNE I Al

H A9 WF 5 HN(Cucurbita moschata)> &30} 574+
(Dangjin, Chungnam, Korea)© 2 F.¥| 105}l 0w, W5 S Ht
9] I EeSto] FAXR(T0TC, 3AXH E FEAX F
0] 5L &4 &, A|(Chunggye Industrial MFG Co, Gyeonggi,
Korea)E ©]-8-5}%f 40 mesh AFO]2E A Z2H F U3 GF2
B Boe JopyE Ao ASSth 22diphenyll-
picrylhydrazyl(DPPH), 2,2'-Azino-bis(3-ethylbenzothiazoline- 6-sul-

fonic acid)(ABTS), ferric chloride, potassium persulfate, potassium

-4 o

ferricyanide, trichloroacetic acid, iron chloride, aluminum nitrate,
potassium acetate, Folin-Ciocalteu’s phenol reagent, sodium
carbonate, gallic acid, quercetin 5~ Sigma-Aldrich Co.(St. Louis,
MO, USA)Z € T-I5to] ALgateic.
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2. dEtYE F4

Az BFIH U] IR 242 ACACH ot

P, 28R, =AY H 2eA 2 47 105°C Ak x
1, 550C 2731314, Soxhlet &% L KjeldahlH & 53]

A5t Q AL, BESFES 100%014 S8, 2318, A5, 2

=]
ol ke ARl ges Uit

3

Azxd g3sH Bgo] M= M2HA(CR-400, Konica
Minolta Co., Tokyo, Japan)E AR5} =251 17, Lik(light-
ness), agt(redness) ¥ bZk(yellowness) .2 UEFY AT}

4. ESH FE=E MNX

F32H X84 sltEn 84 StEe A =
3}7] 93] 80% cthanol &S ALg5o], AXE BES
HF 40 g2 15419] 80% ethanol -&1fjo]] F7]| =2 o] 80TCof|A]
3AIZE B9t S Skt & 892 o] ¥R (Whatman,
No. 3, Maidstone, Kent, UK)E 0|83} of31} &, 3]|& 74t
%-27](Rotavapor R-200, Buchi, Flawil, Switzerland)S £3} =
%31 5, 5271 Z(lishinbiobase Co., Ltd, Gyeonggi, Korea)S
&9l wH FH Y BFeH FEES AL ole2
Z2290]0] 80% ethanolo] 23]3}7, H=¥ 3)As}e] A

s} 490 A8 steAct
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5. DPPH 3iC|Z A¥s &X

DPPH 2]zt £7% £42 Kim 5(2009)9] S 4
wgslel 2Hsteith Y3 222 02 mLE 04 mM
DPPH 89 0.8 mLol| 27F3ko] E3ket 5 ol A 1087
HH-3-A17]1 & microplate reader(Molecular devices, Sunnyvale,
CA, USAZ o831 517 nmollA] SHEES 4T 5 b
3} 22 ANAE B8 DPPH 207 2758 AHEakT

DPPH radical scavenging activity (%) =
(1 - Aexperi’rnent/Aconlml) x100
Acxperiment © Absorbance of experimental group

Acontrol : Absorbance of control group

Ir

ABTS &z 2745 S3L2 Jang 5(2017)] HS A
F HYgsto] SASHTE 7 mM ABTS -84} 245 mM
potassium persulfateE- 1:0.59] BH|-&2 &3}olo] LAofA 16
AlZE 3 BHSAIA ABTS ¥ol20] FAHHES FAX
F, 734 nm2] FFE Fho] 0.07£0.027} HEE FoehES
AHg3to] 2As9IT AZT ABTS §9 | mLo] FEEut
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FEE 10 uLE H71eH 627 ¥H8-A1Z1 - microplate
readerE ©]-8-5F0] 734 nmol| A FFEE SHoto] okt &
L AAAS B3 ABTS &z 4A5S AH=sH9ih

ABTS radical scavenging activity (%) =
(1 - Aexperiment/Acontml) X 100
Acxperiment : Absorbance of experimental group

Acontrol : Absorbance of control group

7. FRAP activity 53

FRAP activity 272 Lee 5(2014)2] FHS LdH 53}
of 2453ty WA 300 mM sodium acetate buffer(pH 3.6),
10 mM TPTZ, 20 mM FeCl - 6H,O &9 10:1:1 H|&Z ZA|
sto] EF-EAS AxSHAT. FRAP 2989 1.5 mLoj| §F
S 2EE 005 mL ¥ S57 0.15 mLE F7Fsto] 37T
A 4827 ¥F3-A1Z] T microplate readerE- ©]-8-510] 593 nmol|
A TLEE SA5F9. FRAP activity:= 593 nm O.D. value
2 A0S AAISIH

8. Reducing power activity S8

Reducing power activity 732 Yin 5(2019)9] W& o
5 A5t 245kt B3 &= 0.5 mLo] 02 M
sodium phosphate buffer 2.5 mL, 1% potassmm ferricyanide S
A7k 5 S0COIA] 2087 SSAIZAL T % uF-Goto]
10% trichloroacetic acid 2.5 mLE 7}t ¥, ¥A&8 (1,790
xg, 10 min)& E3] PojA AEH 2.5 mL= 0.1% iron (11I)
chloride 0.5 mL, 554 2.5 mLe} A& &35 0] microplate
&3l 700 nmoJ A FFE=E 45Tt Reducing
power activity= 700 nm O.D. valueZ ZI}7FS A|A|SFA L.

=
readers=

e 50010/ FE WFEH 243
Z% 1 mLo]| 10% Folin-Ciocalteu’s phenol
reagent 1 mL, 2% Na,CO; 1 mLE A2 H715 & 4o
A 1A17F B9t H3-A17] § microplate readers ©]-8-510] 750
oA FF=5 S Gallic acids EEEEE AN
St HE A A (y=17.158x -0.0357, R*=0.998)0 2 FE|
o 3229 F s IdFE Addsii

I
3

. =1
%E}Elr_olE 6&-%% Park 5-(2010)9] ®H S HP 5t
ke ZE 0.5 mLo]| 95% ethanol, 10%
alumlnum nitrate 0.1 mL, 1 M potassium acetate 0.1 mL ¥ Z%
28 mLE F7Fsto] A2oflAf 3027t BHGAIZ] ¥ microplate

eI R SR 93

readerS 0|85} 415 nmoj|A] ST E =45
o gzEAs AMRd ¥2 Ag 2A (wt 5026x - 0.0286,
RZ_O 9983) 0 2 HE WFsH 2EE9] F EELo|E &

FL At

11. EAX 2]

2 A79) RE AHEIE 3 98 39S 53 mean =
standard deviation® 2 A A3} 1L, SAS 9.4 version(SAS
institute Inc., Cary, NC, USA) T2 132 o] 835}o] =4 B4
513 Tt. One-way ANOVA A0 2 (ol4 BAg A5
O, Duncan®] T 77 ¥ (Duncan’s multiple range test)
072 H94L p<0.05 F=FA ALY

ABEo eglEo|n, ZFz 51.50+0.12%, 53.3240.35%% 2}
AZENA H =2 F9AQl Zpo] & Hiot.
S ol 238 A= ZH27) 13.110.13%,
13.45+0.27%2 8-9]& 9l 2}o|7} QI A|gt, ZA|HF 9l Zcha
ZEol| A Z+ZF 3.81+0.25%, 19.61+0.15%%
GEAZE(0.60+0.13%, 19.09+0.01%)°] H]3} G-oJZ 07 =
2}o]E YeR Q1) Dari & Yaro(2016)7} A3t 7F

GBI AuE QYR B e, DB F

of

0 IS 1) ZUNY B oF 4510 ZAY
O OF ().72%, Z3]& FFF2 55.46%% =% & )11, Jacobo-
Valenzuela 5(2011)0] AF-38F WA Z -2 G54 Aulis
o] A& B4 Ao RIE T2 2 10.54%, &
WY GFL OF 1669%2 ZFE|o], B AT AR

T ks Aol g Btk ol YTHUY YA Y
e A|7]o] wE ZFolof] 71915 AR AYZHE thHwang &

ol ot T orlo

Table 1. Proximate composition contents of butternut squash
(Cucurbita moschata) with freeze-dried and hot air-dried

Butternut squash (Cucurbita moschata)

Freeze-dried Hot air-dried

Moisture 11.97+0.51 13.5420.32°
Crude ash 13.1120.13 13.45+0.27
Crude fat 3.81+0.25° 0.600.13
Crude protein 19.61£0.15° 19.09+0.01
Carbohydrate 51.50+0.12 53.3240.35

* Values are significantly different at the p<0.05 level by ttest.
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2011). E3F @oHl, F2oH9] AR T2 4
Kim 5(2005)2] -9} Bl st o, Bgsute] Rt
dFE o =2 A& UEY
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AZ(77.64+0.16, 39.35:0.44)0]] v]3f §-2]& 0 & ZFAslYTt.
Jacobo-Valenzuela 5(2011)0] A5t WA E (- FF5Ht
o] Mz =7 AT}, LFS 731941143, agkS 5574671 L b
Fh2 438613942 2 AF-AIS} FARRE A2 AT
EFF Lee 5(1998) FAT] 2o A ARho] whe A 4
A9l Lt bgko] Fraote] ZWwrt S7heehal Baske]
on, ol Ygoute] 52 9 AR AR2E 270
t27] gigol, 52 9 €34x2" &
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52 9 45A%0] 42 $EEY 243550 4
4 9 GALE YR PP 2] skl DPPH Sl

3 =
A7%5, ABTS &t A 7%, FRAP activity ¥ reducing
power activity?} & Hlis U ZgtH-0|= RS =5FYP0
™, Fig. 19] YW lth. DPPHR} ABTS S|z 4752 &
3} P 2HGE A Ao, s B
9] 4 Fo& 55 DPPH 9 ABTS9] hydroxyl radical group
o] &750] slRtEo] EAE = HZE o]&sh= oIt
(Jung 5 2012). AxH FF2H FHF5E° DPPH U

ABTS 2tZ £2752 47 g3 #4552 125,25

Iz

Table 2. Color value of butternut squash (Cucurbita
moschata) with freeze-dried and hot air-dried

Hunter color Butternut squash (Cucurbita moschata)
system”) Freeze-dried Hot air-dried
L 77.64+0.16° 69.94+0.16
a 12.88+0.70 12.19+0.15
b 39.35+0.44° 35.95+0.10

Y Numeric description of color using L, a, b Hunter color system.
L (lightness or darkness); a (red or green); b (yellow or blue).
* Values are significantly different at the p<0.05 level by r-test.

9 5 mg/mL FEOA 2 25.3740.74~70.05+0.32%, 15.69+
0.19~63.01+0.88%%] O AA%5S YEMUtHFig 1A,
Fig 1B). 52 ¥ 454xd Y38t +95&E9] DPPH
W ABTS iz 47452 1 g
o] FNstoom, ABAZE BFE FH3520| 5
A7z 900 FYFSENC ST DPPH 2 ABTS
SO AA5S BT FRAP B4 2 W43t B9
AR} Zois o= Qlsta] F'-TPTZ &}3tEo] Fe*'-TPTZ &3¢
EE HeE X S o-8oh= WHOE, yellow 7|
HO| Ao A blue AIF] MO = LML, o]F FFE 412
2 s A4S YERA B o] tk(Nilsson 5 2005). Reducing
power &4 =72 B9l potassium ferricyanide $H5HE0]
A ER9] AR ZAE &3] ferrichloride”} ferrochloride
& AgtE]= Y2 E o]&sto], g E0d T StE] &
B o= Faet 42 vEhd Wi olth(Kim 5 2013).
FRAP ¥ reducing power activityr= g o8 FHAZEE 1.25,
2.5 9 5 mg/mL sEoA Z+Z}F 0.1840.00~0.45+0.01, 0.13+
0.00~0.3140.000.8 =4 =] Ich(Fig IC, Fig ID). 524 4 &
EAZY 9Fo8r FHEEEO] FRAP U reducing power
activitys: W% B 9]0 43} o] 2790
| QEdzE BEsy 232320 5402Y BB

=

[¢] O O
QoM oR 9ot 8IS TS LERIth Kim $(2009)
O] Aol MEH, AEF2 IFAX A sEAX ol H]
o vl wA 2o =EE7] fZol, ol gk Zdwo] &3
Hha AR ZH-2 polyphenol oxidase, tyrosinase 5|

OJst 84 % Z'¥H 3} Maillard reaction, caramelization 5-°f 2]
St H|EAA Ao R FRET, ojnf Y= dHELS
4g9) Mg Hebede B ohieh, RSt 59l A5
S yebdth H 1T Chung 5 1996). WEhAl, &
Fzut Azge) A% 29T & 4 Y%ol, FEE
< GFAF A BAE ZAHEHLERE U sEURERY
HejHow GAstEo] St Ao AmHT,
EulsA 2452 & EA W F 7 ol He 1E

= 7H S Sg=ES 71719, anthocyanin= 3
flavonoid$-, coumarin, stilbene, catechin -5-2] phenylpropanoids
7 9 amin® 5O PRI, YAk Pt 59 ciot
BegAS 7Pty B aEo] Qltklung 5 2012). AR ¥
g FEFEEY & s S s ESR €
FAZEOA ZHz} 3.84+0.18 mg GAE/g, 5.23+0.05 mg GAE/g
O g IFUXEONA 11 dFol FoHer EotoH, & &
gtE ol E ke SAARET FFUXENA 212} 2.84+
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Fig. 1. Antioxidant activities and compounds of ethanolic extracts of butternut squash (Cucurbita moschata) with freeze-
dried and hot-air dried. (A) DPPH radical scavenging activity, (B) ABTS radical scavenging activity, (C) FRAP activity,
(D) Reducing power activity, (E) Total phenolic content, (F) Total flavonoid content. Data are shown as the mean+standard
deviation (n=3). Bars with different letters indicate statistically significant differences among groups at p<0.05 by Duncan's
multiple range test. "’ FD-CME: Freeze-dried Cucurbita moschata extract, » HD-CME: Hot air-dried Cucurbita moschata extract.

0.07 mg QF/g, 1.98+0.04 mg QF/gC. 2 T AAZXEA 1 &
Fo| foJH o =2 Z o7 FAEQIth(Fig IE, Fig 1F). &
2 oH 250 gAlst a3E E43% Kim 5(2011)9]
A= F 22 RS 7.08+0.84 mg GAF/g, & =g}

Hi-o|t $HFS 1.89+0.24 mg QE/gC & YERH AL Ho}l,
2 Ao FFaH FEES T s dFol ta
A S4E di4l, F EStE o]t o] 2 o= g

A= At
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