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Abstract

This study was conducted to investigate total polyphenol contents and antioxidative effects of the enzymatic
hydrolysates digested by several kinds of carbohydrases from the powder of ripened pumpkin (Cucurbita
moschata), sweet pumpkin (C. maxima) and green pumpkin (C. moschata). The total polyphenol contents of
all enzymatic hydrolysates from green pumpkin powder were higher than those of ripened and sweet pumpkins.
DPPH radical scavenging activities of the enzymatic hydrolysates digested by AMG and Termamyl from green
pumpkin were also very strong compared to ripened and sweet pumpkins. However, the most enzymatic
hydrolysates of ripened and sweet pumpkin powders, except Viscozyme digestion, were higher superoxide anion
scavenging activities than green pumpkin powder. Hydrogen peroxide scavenging activities in the enzymatic
digests (not Ultroflo) of green pumpkin were potent compared to other pumpkin powders whereas hydroxyl
radical scavenging activities were low at less than 149 in hydrolysates of all pumpkin species. Nitric oxide
scavenging activities were very effective in Viscozyme digests of sweet and green pumpkin, and other enzymatic
hydrolysates also showed higher activity than a-tocopherol control (not BHT).

Key words: pumpkin, enzymatic hydrolysates, total polyphenol, DPPH radical, superoxide anion, hydrogen peroxide,

nitric oxide, antioxidative activities
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Nitro blue tetrazolium salt(NBT), xanthine, xantine ox-
idase, thiobarbituric acid(TBA), trichloroacetic acid(TCA),
Folin-Ciocalteu reagent, sodium nitroprusside, sulfanilic
acid= SigmaAl(St. Louis, MO, USA)l A, Z18]a1 N-1-
naphthylethylene diamine dihydrochloride= Hayashi Pure
Chemical Industries Ltd.(Osaka, Japan), ethylinediamine
tetra—acetic acid(EDTA), peroxidase, 2,3-azino—bis(3-eth—

ylbenzthiazolin)-6-sulfonic acid(ABTS), deoxyribose<
FlukaAHBuchs, Switzerland)o| A -3 #|&-S A&t

Aty =

Y-S AOAC W 2Dl me} - 105°C 497}
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1,000 mL Ze}==0o 3] FAAZ 2 45 g0 5
9= 500 mLE 7}38te] pH(1 M HCI/NaOH)E 23 )71 o}
< enzyme 0.5 mLE 3718l £83F 3 incubatorol A 12
AZE R ESEA HSAI AT 1§ 80°CollA] 103 E45

B2343 A|7] & pHE 72 %4 3}le] Whatman No. 5 o3}
A2 oAgeta, FE5Y4 & FA0E SHATH22). ©) & &3
E2 T8 2 mg/mLE BFo] Ha B E AEE A3
Atk 4 B4 VM RAEY T2 AHRE BAY FRol
weh sEF FEeke] dig teRsES HE 959 s
%= Axtatart.

5 Zo|ulzs gt
Z Z7 9w %S Folin-Denissml #H(23)S HE s}
o St F Al 4 5498 JHESE 1 mL,

95% ethanol 1 mL, F9 5 mL, 50% Foiln-Ciocalteu re-

Table 1. Characteristics and reaction conditions of various carbohydrases used in digestion of pumpkin powder

Optimal

Enzyme Source Characteristics oH Temp (°C)

AMG Aspergillus niger Hydrolyzes 1,4- and 1,6-a-linkages in liquefied starch 45 60

Celluclast Trichoderma Catalyzes the breakdown of cellulose into glucose, cellobiose and higher 4.5 50
reeser glucose ploymer

Termamyl Bacillus Hydrolyzes 1,4-a-glucosidic linkages in amylose and amylopectin 6.0 60
licheniformis

Ultraflo Humicola insolens Catalyzes the breakdown of a-glucans, pentosans and other gums 7.0 60

Viscozyme  Aspergillus A multi-enzyme complex containing wide range of carbohydrase 45 50
aculeatus Ability to liberate bound materials and to degrade non-starch poly-

saccharides
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7hste] Aol 5
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DPPH radical 2~7{&H4

sHr B&lE9 DPPH 7]
Williams 5(24)°] 93] =34 WHoz =34
1,1-diphenyl-2- p1c1rylhyd1razyl(DPPH)E o] &3} /\]E—?
o= A& 2 mL9} DPPH £-(3%10° M in DMSO) 2 mL,
FIAFFE= AE 2 mLe MeOH 2 mL, tHZF+ DMSO
2 L94— DPPH Q.oﬂ 2 mLE Ljo] 9};{4 i%l—{g}—y N_Q_o“;q
1A 7F ¥E8-A1 71 & UV-VIS spectrophotometer(Opron 3000
Hanson Tech. Co. Ltd., Seoul, Korea)E ©]-&3}] 517 nm
AN FHFEE SHATH

Superoxide anion(Qy ") 274{&HA

Superoxide anion A& &4-& Nagai 5(25)9] #H o) u}
2t S At 5 AgHel 0.05 M NazCOg 45894 (pH
10.5) 480 pL, 3 mM xanthine 20 pL, 3 mM EDTA 20 uL,
0.15% bovine serum albumin 20 pL, 0.75 mM nitro blue
teteazolium(NBT) 20 pLe] E8d3 A5 002 uLE ¥
25°C9] incubatorell A 1083t WFg-A]7]13L, 6 mU/mL xan-
thine oxidase (XOD) 100 uLZ 7}3}¢] 25°C9] incubatore®]]
A 208 ¥H-8-3 3 6 mM2] CuCl, 20 mLE #7sle] 560
nmoll A FEEE S3Ah

27 24L& Brand-
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1

Hyadrogen peroxide(H:0y) Z~7{&HA

Hydrogen peroxide AAZAL Muller® HH(26)¢1
2,2-azinobis(3-ethylbenzthiazolin)-6-sulfonicacid(ABTS)
-peroxidase system o2 =783ttt = 96 microwell plate
off AT} FAPF, HNERFE TR ZF A4 A8
80 pLol A2FAF84(0.1 M, pH 5.00% 10 mMe] H.0: 20
uLE &3%3ste] 37°C9 incubatord A 5&7F HFA]Z o0
Alg o= 1.25 mM ABTS 30 ul, A1 Folle 75
30 uLE #7138k & peroxidase(l nU/mL) 30 pLE A&7
A E Tl F7Fste] 37°C2) incubatorell A 104 ¥H-A1 71
t}S ELISA reader(Sunrise, Tecan Co. Ltd., Grodig,
Austria)2 405 nmolA FF =S SAsIA

Hydroxyl radical(HO") Ax74 &k

Hydroxyl radical®] &~A&4-& Chung® Kim(27)9] %
Holl wz} ethylenediaminetetraacetic acid disodium salt
(EDTA)7} 23+€ Fenton ¥-&7(Fe; +H:0:—~ - H+OH)
A B39t F, Alg ol 10 mM FeSO, - 7THX0, 10
mM EDTA % 10 mM 2-deoxyriboseZ Z+z} 02 mL &£
gt Fenton ¥Hg E3HEo] A58 02 mLe 0.1 M 14kgh

SApH 74) 1.0 mLE 2] F 1.8 mLE ZA|3 ) o
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719 10 mM HxO: 2.0 mLE 7}38tar 37°C¢] incubatordl] A
4A1ZE BH-SA1Z] T 2.8% trichloroacetic acid(TCA) &<
1.0 mL¢} 1.0% TBA (thiobarbituric acid) €% 1 mLZ 7}
sted 100°Coll A 103 ¥H--A17] & F538] W2hstal 395
gl A 587 P& A7l F 532 nmoll A FFE=E Z33)
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Nitric oxide radical(NO) 2~7{&HAd

Nitric oxide radical(NO)9] A A &4 L Griess lllosvoy
wk3-(28)0l oJ3te] =4 3}9 T} Griess Illosvoy &S 5%
1-naphthylamine ™ 419 naphthylethylenediamine dihy-
drochoride(0.1% w/v)E AF8319 k. & AlE 0.5 mLel 10
mM sodium nitroprusside 2 mL2} 0.01 M ¢12FeF2=-8& 8 (pH
74) 05 mLE #H7}sled 25°CE] incubatoroll A 1508 ¥1H-8-A]
713 98sE F 05 mLE #H3Y 1.0 mLe sulfanilic
acid(0.03% in 20% glacial acetic acid)®} £33+ & 5827
HF-S-A]1 7131, o] 719l 0.1% napthylethylenediamine dihydro-
chloride 1.0 mLE 7}8te] 2204 30& HF-S-A|Z] & 540
nmol X FFZE=E FA3AG.
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Table 2. Proximate composition of pumpkin powders

Content (%)

Component Ripene_d Sweeﬁ Greeq
pumpkin pumpkin pumpkin
(C. moschata) (C. maxima) (C. moschata)
Moisture 6.5(0.0) 3.9(0.0) 10.3 (0.0)
Crude protein 85(9.1) 6.4 (6.6) 13.0 (14.5)
Carbohydrate ~ 75.9 (81.2) 82.7 (86.1) 66 6 (74.2)
Crude fat 1.8(1.9) 1.9(2.0) 9(2.1)
Crude ash 7.3(7.8) 5.1(5.3) 8.2 (9.2)
Crude fiber 5.8 (6.2) 5.2 (5.4) 6.3 (7.0)

( ): dry weight basis.
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Table 3. Yields of enzymatic hydrolysates digested by various carobohydrases from pumpkin powders

Pumpkin Ultroflo Celluclast Termamyl AMG Viscozyme
Ripened 50.6+1.0° 621+13° 722+16° 70.1+0.9° 76.1+1.3¢
Sweet 365+0.9° 66.1+£15° 83.0+1.4° 66.1+1.2" 86.1+1.6°
Green 701+1.3" 78.1+1.0° 795+1.2% 64.0+0.9° 81.1+1.1¢

All values are the mean=*SD of triplicate determinations. Values with different superscripts within the same row (a-d) are
significantly different at p<0.05 by Duncan’s multiple range tests.

@38+ Ultroflo X 8l++& A 9)3 =&

SE ZUEY bR oo 100 mg/100 g A% WS FFS dehisi &
BolA 509 ol e 42 vehy
U

= T
ATk Viscozymed 9 015 9] A7} A YEbE AL $8417), B, o
=

Termamyl E3EE°] vlnd =4 Yelsth R 59 Az ¢ FFol w2 JIo J|dsteE Ae

5 Bels s B S

SHRETY 84 FEEY T E2Yds ¢S 4% 4 DPPH radical 2~7{&H
= Table 40 et AT & Z2j9ls & f 59 FupREwe] §4 B8 557 2 mg/mL7t FHEHE
RE 54 B &AM 620.4£45.0 mg/100 g ©]49] =& =2 0S8 A S A xste] EsfEl 93 DPPH #8719 &
FFS e oY, 5258ty dsHhe of g uke) HF A3 E Z4% A= Table 5ol Yeh AT 5H9ko] &4
of ghafFo] yrol 446.9+32.0~520.7+37.3 mg/100 g2 ¢ B E59 DPPH £87]) 2AEAE s T2 d B
£ BRYY 482 B 523592 Viscozyme, Cellu- arEE g _}O]—E‘ el a8 FFEE 9 s
clast, Ultraflo, AMG, Termamyl®] <X 2, @54 Cellu- R o zuto] gpE LS H|gle] FAo] EhoH E3
clast, Viscozyme, AMG, Ultraflo, Termamyl9] A2, 1 Ultraflo £3]&-& x-]]ﬂé}:ﬂ% 50% ol’de] &8 YES]
23 o) T8 AMG, Viscozyme, Celluclast, Termamy], o 28y AEE BE F59 ZEIHEELS BHTY o
Ultraflo®] £A2 3%t o9 AH#ZRE fortoe tocopherolol] H3}] e EA4S BTy 23498 ©%
F2odty gaub Hlgte ikl 28-S gt EEdEE vke vlws] B Ultraflo, Termamyl =2 AMG Ao =
3gEe] £ o Bol giEo] Aden, seunty dedt @5 B Eo] HlwE ¥ DPPH #27) A4S B
7re] & Apole ALl AATh fﬁ%ﬂ, sooute] Heod A Ao Celluclast®} Viscozyme A& o= H-e5uk &3
& Hug A7) o3d F EYdAE FHe UF Eol T O 2 84S BT 2AME HYH 5235892
A3 F9lel 379.8+9.76 mg/lOO gl 2 F ZYdE H& 224+14~441+28% HYZMN Viscozyme £ &4 7}
9] 47% ol St e ™, I8 H9lo) 243.3+12.52 mg/ A= A4S Yy ©dauke 258+1.6~-476+3.0 HE

100 g, 4 F-<l 185i10.72 mg/100 go] F= o] Aok 24 AMG ZalEolA 7H =2 245 EAh dfsute

l

stRed, ol FHS 7 7 AAGEFT A +35 451+28~746+47% HZH AMG EEA 71 =
B2E AAs] B 6231 mg/100 g2 B AG9] o s vt 2 84& HAah o) ARE E of 38 2o 54
o FapdEe) vl Al AAHYTE TP B Aol BalEe A8 §279 B2 271030004 o
Nel Hesu gave] g At o5 A7 AR AE §842 QWY & ARV, 53] faue] Hh ¥
Table 4. Total polyphenol contents of the pumpkin hydrolysates (mg/100 g)
Pumpkin Ultroflo Celluclast Termamyl AMG Viscozyme
Ripened 495.0+35.4" 517.9+37.0° 446.9+32.0° 495.0+35.4" 520.7+37.3°
Sweet 486.4+34.8" 517.9+37.0° 466.4+33.4° 506.4+31.7" 515.0+36.9°
Green 629.4+45.0° 723.9+51.8 669.5+47.9° 786.8+56.3° 735.3+52.6"

All values are the mean+SD of triplicate determinations. Values with different superscripts within the same row (a-c) are
significantly different at p<0.05 by Duncan’s multiple range tests.

Table 5. DPPH radical scavenging activities of the pumpkin hydrolysates (%)
Pumpkin Ultroflo Celluclast Termamyl AMG Viscozyme BHT Tocopherol
Ripened 25.6+1.6% 439+2.8° 22.4+1.4° 40.0+£25" 441+28°
Sweet 439+2.8¢ 25.8+1.6° 331+2.1" 47.6+3.0° 37.6+£2.4° 91.3+£0.3 90.0+14
Green 451+2.8 57.1+36° 51.4+32° 74647 59.3+3.7

The tested amount of the enzymatic hydrolysates, BHT and a-tocopherol were 2 mg/mL.
All values are the mean+SD of triplicate determinations. Values with different superscripts within the same row (a-e) are
significantly different at p<0.05 by Duncan’s multiple range tests.
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qEo Fosuty st Hlgle] RE G4 B E o)A Hydrogen peroxide(H:0) A~7{ &
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RAEL AN WE Bl RHTAA 63% o)) Ee mEE s T A

S HY o E3] Celluclast, Termamyl 2 Viscozyme Hydroxyl radical(HO") A~7{&H

HE2 70% °]d9] wlg =& AL BAY fsute sErET g4 EHEY FE7F 2 mg/mL7t SHREE
1+1.9~63.84+1.8% BWHZH Viscozyme E| & A 7} = W8NS At B3 Eo| 23 hydroxyl radical]
2 AAGAHES BTt oY AAE B 0 2o 2AGAE SA¢ A= Table 89 YeR AT #F
g3 2o nE g4 BIEF 34 Viscozyme HH d¥o] AlgH ZE 49 ~7“—°ﬂ/\1 14% w]qke] v
3| &2 superoxise anions EAZ o7 LA FAk3} g4

R

AZA 9 71530 vl =the RS & 4 AT ¢4, A2 B EEL hydroxyl radical®] 2332 2AEAE 5
82709 A8l ke extraction bufferE AFE3}e] super— o] A2l gt Aoz FuHY Fr¥E Y & X3
oxide anion radical('02)9] &2AEF S SHS 4% 2719 -34+01~57+05% BYEHN Ao ALLH RE §4 B
135%, B A} 17.1%, B-E A} 13.2%, 7% 35.6%, A7 9.0%, SEANA vl e F4E AT dsute -38+06~

H 209%9] AAEHE RYves Ru@EDe viud u, & 6.0+06% WHZHN ZE a4 3 EoA mj$ & &4
ATolA BE sute] a4 EHEEC] olEH HIEIAY < 2tk N Euhe 21404~137+03 HYEH AukAro
o}F Ee 274 Bole Ao Hol olE] MFle]  E BAo] B e BolAULk. o] e] ARRRH o|F &
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Table 6. Superoxide anion scavenging activities of the pumpkin hydrolysates (%)
Pumpkin Ultroflo Celluclast Termamyl AMG Viscozyme BHT Tocopherol
Ripened 56.9+2.4° 704+2.8° 61.2+09" 67.1+0.1° 632+19"
Sweet 46.1+19° 71.7+0.9° 71.7+2.8° 64.5+0.9° 70.4+0.9° 63.2+0.1 61.5+0.6
Green 171419 40.8+1.9° 25.7+0.9° 257+25° 63.8+1.8"

The tested amount of the enzymatic hydrolysates, BHT and a-tocopherol were 2 mg/mL.
All values are the mean+SD of triplicate determinations. Values with different superscripts within the same row (a-d) are
significantly different at p<0.05 by Duncan’s multiple range tests.

Table 7. Hydrogen peroxide scavenging activities of the pumpkin hydrolysates (%)
Pumpkin Ultroflo Celluclast Termamyl AMG Viscozyme BHT Tocopherol
Ripened 39.0+£0.7° 344415 39.1+1.6" 36.2+0.7° 371+1.3"

Sweet 466+15" 40.0+1.2° 39.4+16° 387+1.1° 37.9+0.9° 60.1+0.3 625+1.7
Green 44.3£0.7° 534+0.8 435+1.1° 495+0.8° 46.3£0.7°

The tested amount of the enzymatic hydrolysates, BHT and a-tocopherol were 2 mg/mL.
All values are the mean+SD of triplicate determinations. Values with different superscripts within the same row (a-d) are
significantly different at p<0.05 by Duncan’s multiple range tests.
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Table 8. Hydroxy radical scavenging activities of the pumpkin hydrolysates (%)
Pumpkin Ultroflo Celluclast Termamyl AMG Viscozyme BHT Tocopherol
Ripened 5.6+0.4° -3.4+0.1% 5.3%+0.3° 5.7+0.5° 44+0.2°
Sweet 51+0.9° -35+05 -3.8+0.6 -1.8+0.4" 6.0+0.6° 76.6+0.2 795+1.7
Green 13.7+0.3¢ 5.6+0.4° 2.5+0.4° 48+0.4° 2.1+0.4°

The tested amount of the enzymatic hydrolysates, BHT and a-tocopherol were 2 mg/mL.
All values are the mean*=SD of triplicate determinations. Values with different superscripts within the same row (a—c) are
significantly different at p<0.05 by Duncan’s multiple range tests.

Table 9. Nitric oxide scavenging activities of the pumpkin hydrolysates (%)
Pumpkin Ultroflo Celluclast Termamyl AMG Viscozyme BHT Tocopherol
Ripened 325+35 42.0+3.2° 415+0.2° 39.7+1.0° 28.0+1.0°
Sweet 38.8+2.0° 449+33" 405+05" 40.8+1.2" 85.8+1.3° 50.7+0.2 259+1.2
Green 453+0.8 46.0+05" 42.1+0.3° 444+1.7° 79.9+2.8°

The tested amount of the enzymatic hydrolysates, BHT and a-tocopherol were 2 mg/mL.
All values are the mean®=SD of triplicate determinations. Values with different superscripts within the same row (a—c) are
significantly different at p<0.05 by Duncan’s multiple range tests.

g & 9= Roz AuHr H3(3334)¢F ZeHE, HEdt ZelivolE 5 HEA 3
1o Tl Eg] AR Z ‘_
Nitric oxide Z~7{&HA TS dEeicol Su(H), He HES Tehneo=
sugue §/\E: 12l EEt 2 mamloh BeE = 7} 3arslAd o] 73 MO F free radical terminator £+ &
S B - =
T o T 2 MBMLAT T 29 chelator= &3 THE B3 (363750 ¥Z%o] & o
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