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Effect of Hot Water Extract of Undaria pinnatifida on the Activities of
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Abstract: For the development of functional food and
cosmetics using the hot water extract of Undaria pinnatifida,
the concentrations of vitamin, amino acid and element
and activities of antioxidant and nitrite scavenging were
investigated. The results are shown as follows: Vitamin C and
E concentrations were 0.301 and 0.11 mg/100 g, respectively.
Mineral concentrations were an order of Ca > Mg > K > Fe.
The concentrations of total amino acids were an order of Glu>
Ala> Val > Leu > Gly > Pro. Total phenol concentration and
DPPH radical scavenging activity were increased with the
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increase of the concentration of extract. Especially, when the
extract concentrationwas increased from 1.0 to 10.0 mg/mL,
the total phenol concentration was increased from 0.043
to 0.125 OD 725 nm. DPPH radical scavenging activity at
50 mg/mL was 70.1%. The antioxidant activity of extract
was stable in range of 80 to 140C and pH 3-9. The nitrite
scavenging activity was increased with the decreaseof pH and
the increase of it’s extract concentration. Especially, it was
83.4% at 50 mg/mL (pH 1.2). These results showed that the
hot water extract of U. pinnatifida can be applied to functional
food and cosmetics.

Keywords: Undaria pinnatifida, hot water extract, amino
acid, DPPH radical-scavenging activity, Nitrate scavenging
activity.
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Z570 n|e] &= 1A SEFEA SeluRakcel
A Eo] AS3E| wite] QRHE ARl 1S SXIATI
7] flske] ol gw 71 AE o R felo] Ay} 7 s
@y Qi) Bk v vhE Aol nlwaiA] weA
A4, HEN] 5 BE JUYrE 15 ek S Wt of
Yl 7] ARl Z 9 @ QT EHE| Sof 9)o]
’377] ofdoloflAl AA]] AF SR oA ghtt. w9
AN, FPFs], T Fn]E, w=shiA|, @iy, HEA o,
AZYAL F21, 58] 2o aek o), golFo] SR Ay} =
dI2~EE oA, LDL S HEY SRS 14 52
B} Aok HaE Qo) [3,4]. T3 ujed AP gt
A= v)e] G FE3E fucoidan®] F 1 Ew
T2 tigk A7 Bar H3IT} [5]. F2ellks ol vy
o AYE gt HaswA vee] 7lsAS teksiAl
F-g3tart 7healEel A8shs ATE0] o]FoiA L itk
Park-> 7S S8k AHE /st 53] AREC]
SZ2FE Akl AFAHES n]9S o] &-ato] vlje} 23]
FHAA F8317]el Aghst WS AZ3I8IT) [6]. Choi
o n|e] ARt rsle] e EES AlEsie] Hlvk oA
g Ag] 2-g-g ), n]od o] 2ol Hrhe ehHe] A g,
ul ujod e} Aok FEE-S o] g3t Tk oA g3S AHE 319
o} [7-9]. T3t An 52 7157 AES Alxsh] S8l vy
7HE A7kt Alelae] st W A 5 AR
SHATE [10]. $1$} 2ol mjele] A &/d-S o83t Aol
ZHIALY] 2 $8-8 A oA o] AT ESE] S
7hstkar Qlet. 12y o)t s2F-2] 7kl B vlE-S
Q3] wTel it sl2F 7t 7]EY o) o] 88
= 7o) F sttt

mepa] 2 A= v Q4FEES o835t Ve
d A 9 PR Az VES e fst d SAR
A AFEo g A AFel A8 5 dnF ] 9
slo] vlER, 714 @ o)Al ek Shalsleb 9 oAl
AA a¥s FAHIT

2. A= Ry

2.1. A9
2 Aol AR AJok2- Al71w} S} (Sigma, Co., USA)®]|
A BRIt

22 AR

m2 MepdE o nln 7RSS SatelA elsh Adx
nos drFEsiaitt

23. 4= F2y

Az 2] ved 10 kg Fste] A9 A F=714 74
& 56 L =& 9aL 100TColx 2023t 712 5~ 80T 124]
1k &<k 71sIelt). 0|7l o #HE- Fol| 2l filtering 514
5 L9 ofdE whE0] 90 CE wF3te] °oF3 L dF53EE
S Alzsgltt o] 9942535 thA| Whatman filter paper

(No. 2)= o]}l o A5 rotary vacuum evaporator©l| 4]
W 55 F T4 1% slo] AW, dlst 9l oA
7 &9 eI

24, 872

7150 B8 [CP-AES (OPTIMA 4300 DV, PerkinElmer,
USA)=E #2319, Cu, Se, Ge, Cdi= ICP-MS (Xseries,
Thermoelemental, USA)Z #4131t}

2.5. vjgyl

HEP] 418 HPLC (Waters 510, USA)E 21331t}
HPLC #4372 Cj3 Column (Bondapak Cig, 0.39 x30 cm,
10 pm)°]™ 45+ 30 mL/h, ninhydrin 20 mL/h©]3Z, solvent
452 55 barQltt.

26.F H=

ZEAAA 55 1 mLS Ciocalteu’s phenol A]2F
(Sigma, USA) 1 mL9} oF 333+ E31513ict. 18] 31 Nap,COs
(35%, Sigma, USA) 1 mLE Y1l S5+ 10 mLE 7Ie}
Ak == 90 < HAelA REGAIA UV Visible
spectrometer (Unicom UV 500, USA)S ©]€ 3} 725 nm
oA FF=E S

2.7. DPPH radical 24%

DPPH (1,1-diphenyl-2-picryl-hydrazyl) 3 mg= o€+ 15 mL
o =1 g 1.5 mLell thA] of€k& 3 mLe} DMSO 0.5 mL
S E3Fsoitk 28] A& 100 pgs 1 mLo) 351 £-oF
50 uL S} Alxsk DPPH £-90& S350 10427F d=2ollA]
HES-A]Z1 3~ UV Visible spectrometer (Unicom UV 500,
USA)= ©l-83te] 518 nmeld S48 SsISit) Als&
A7¥elA ok thxwr 3 vlawste] 2] 2feZd &7 (Free
radical scavenging) €4S WiE-&= LERICE

Free radical scavenging (%) = 100 - [(A&3715-9] 3%
/AZETE] S85)] x 100

2.8.39¢

3]2498F A1=- 200 pLefl 200 mM sodium phosphate (pH 6.6)
9} 10% potassium ferricyanide 20 pL &3}3Fo] 50 CollA
20%7F HEA]7ICE RS- % 10% TCA (trichloroacetic acid)
200 pL H7kste] 1023 44 E8] st 245 500 pLol
0.1% ferric chloride 500 uL &3}35}o] UV Visible spectrometer
(Unicom UV 500, USA)S |83l 700 nmoIA &35

& =30,

2.9. Superoxide dismutase (SOD) -§-AFA4

%91 0.2 mLo 10 mM EDTAE 33+ 50 mM tris-HCl
buffer (pH 8.5) 3 mL%} pyrogallol (7.2 mM) 0.2 mLE 7}
5le] 25C FollA] 1027F HESAIZ] & 1 N HCI | mLE
7kt Hhg X AIFCE. §Eg-42 UV Visible spectrometer
(Unicom UV 500, USA)Z ©]831%] 420 nmolH S4=2
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Sk SOD fAt 84 (%) Tt ol et

SOD A 243 (%) = [1 - (AP SF5/hx+
E345)] *x 100

2.10. pH & Q4 HAA

A& 0.2 mLofl pH E2 A28 98-8 0.5 mLS 715 A
2olA] 1AIRE A5 5 ThA] 8-S o] gsto] pH 2%
slo] rlksls-s SRl o] W ARSSE e8> pH 2-6
< 20 mM citrate-Na,HPO4, pH 7-8<> 20 mM Tris-HCI,
pH 9-11- 20 mM Na,CO;-NaHCO; &8-S 72t ARg-
3lth A ePgA AEe AlE 1 mLS 5Cold 160 C7HA
=2 E AR St AElst & Ao w Wzsigict o]g)
2o Ay dAS A5 F slo] DPPHS ARgale] dalsls

2 S

2.11. op ALt 2 A%

NaNO, € (1 mM) 2 mLe]l 2} 55 89 1 mL (60 mg)
S H7K8kar o371ef 0.1 N HCl 2 0.2 M 794t Ha-gots
ARgSto] WS-l pHE Z7d 3 tha Whe-8-919] HEH-5
£ 10 mLE 33lth WEg4S 37°Colx] 1ARE REGAIK T
WS- NS 717+ 1 mL F3kaL ©7]¢] acetic acid (2%) 5 mL,
GriessA|€F7} naphthylamine (1%)& 1:1 H]&2 313t
€4 04 mLE 7tsto] 2 =3 A1A 15 min {F A4
WX A)17] - UV Visible spectrometer (Unicom UV 500,
USA)S ©]&35to] 520 nmol|A] 3 =S S48kl &
sh= oA S TSIt obdARAEA TS T 2ol

LERASIT

P (%) = [1 - {(ASA7 RS - ol &
FEYANEA7REY FEE] x 100

3.8% R n@

3.1, WIEF, 2718, 9 ofu|t §F
n|&] JpFEE-S o]85ie] HIEI A, By, By, Be, Bz, C, Ds,
E, K1, Niacin, Pantothenic acid, Biotin, Folic acid, HIE}7}
28 55 #4380l #48 A7 Table 19 YERASL
o} o] vlE] FollA] vlER] B9} C7F AEEHAN 11 FE
+ 22} 0.301 mg/100 g2} 0.11 mg/100 g = LFERSIT
HE} 7F2 8 FEi= 546.2 pg/100 gk ey 1 919
HIERIS 75 57 opeiitt. o)== mY g = Al H]
ERN CE BIXSE deoll okt e aha=lo] AE=A] o
= Zo= AlgFn

Table 1. Concentrations of vitamin E and C in hot water extract

571 #2493 Ay Fig. 19 YeRQItE 7715 g9k
Ca (1,112.4 mg/kg) > Mg (1,012.7 mg/kg) > K (487.3 mg/kg)
> Fe (122.6 mg/kg) 0|33l T F7]&-2 v|okit) Free
ofu|izik 9 A oAk FA A3R= Table 201 YR
ek v GFFEEL] 7 oA 14F0] AEES]
31 71 ZoA Pro©] 46.6 mg/100 mLE 7P =9k 71 TS
© % Glu (7.38 mg/100 mL) > Asp (6.03 mg/100 mL) >
Val (2.40 mg/100 mL) > Leu (2.20 mg/100 mL) > Met
(1.50 mg/100 mL) > Gln (1.24 mg/100 mL) =]t} £3]
u)e] GFFZFE2] Pro tHAwE F=ZE vl <F 3.00
57133t (data not shown). 7| A4FE5E2] 4 o]
ARS F 1950] 7HE HJa 1 oA Glu7} 20.69 mg/
100 mLE 7P %31 71 the-© & Ala (16.95 mg/100 mL) >
Val (16.12 mg/100 mL) > Leu (14.56 mg/100 mL) > Gly
(12.93 mg/100 mL) > Pro (10.98 mg/100 mL) <=L =1
9] op1) AR 10.00 mg/100 mL ©)3FiT},

Table 2. Concentrations of amino acids in hot water extract

. o Free amino acid con Total amino acid con
Amino acid kinds

Vitamins Content (mg/100g)
C 0.11
E 0.30

(mg/100 mL) (mg/100 mL)
Asp 6.03 5.85
Glu 7.38 20.69
Asn - -
Ser - 8.58
Gln 1.24 -
Gly 0.86 12.93
His - 2.32
Arg - 2.16
Thr - 7.76
Ala 0.20 16.95
Pro 46.60 10.98
Tyr 0.70 2.78
Val 2.40 16.12
Met 1.50 4.42
Cys 0.20 0.09
Ile 0.90 9.65
Leu 2.20 14.56
Phe 2.00 6.99
Trp 0.80 1.54
Lys - 3.52
1250
=
< 1000
£
g 7501
I
£ 5001
2
S 250
O s T K Mg Fe  Mn  Zn  Cu | Se  Ge  cd
Minerals

Fig. 1. Concentrations of minerals in hot water extract.
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Aka0] A Bt free radical?t QRS L O0A Akt
| o= 2Ee] FAWske] o] ¥ BAeste] <+
o] Ft}. o]zt 4ks} W8] $1810] free radical scavenger
£ o]t ANEE-] bAoA peroxy radical &}
g TS ol TAYAE IO E M radicalo] HaL
2 Pt Fels F/JskA Hrk o] free radical scavenger
=
kel

shkskAletar sby de) o] 8yl Sl EHUE HEA 8
tEo] tjapF ot} 2%l A free radical hydroxyl anisol
(BHA)¥} butylated hydroxyl toluene (BHT) 5 &4 &Ats}
A7E Lot o] 5L 50 mg/kg/day oV AFEHE YA T
9 2ke] WASkE Aol kS e 4= Qlvks Havt 8l
3L [11] A kiAol oist A7) wol x13i= a1 gl
)31 Aol EAlskE dAksAe] giFato] HleEdEd
(flavonids, caffeic acid®] =4 B)oleh= d FE=o] )
of #=4 slehEel st A+7F Ets] s gl
JelEs nY] g4 FEE0] Ak vl dist EelulE
o] T3tk 2 A7 v deFEEel wE T vlE
s e HESH] flste] oY s2E Agslith
ool e FEEY T daEsE T Fig 20 YER
Aok T ZejElE S vY d9FEE 5 2.5 mg/mL
7= A= ghgo] A9 vlssigith 18y 5 mg/mL o
o) A= FEEY s I T Eelvhks ERe 7L
sk 53] 95EE 5571 1.0 mg/mLefA 10.0 mg/mL
2 371 3 A% F ZT)vE 9962 0.043 OD 725 nmof|A]
0.125 OD 725 nm#= S7I8ISiTh

0.14

0.12
0.1 ‘/

0.08

0.06 /./

0.04 /-/

0.02 PE——

0
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Fig. 2. Concentrations of total phenol in hot water extract.

3.3. DPPH radical £A4%

DPPH+= free radical S 7FA]1L Q1= -84 224 515-520
nm el Ho SFEE 7Y sl o] e =
T} v XS WolF radicalo] A% 11 BHAEICE o]
213t DPPH+= dioxane® |t} CCL &} 22 H]=Ad fufjol+=
22}, 32F Absl HEgo] dojur| = skl DPPHE] A4 A}
2} alcoholZHoll= 74 Agto] A E7]| wjiol alcohol &2}
el A= vlwa] erysitt [12]. n)od g5F%5E0] ke
3= ool r] 98] DPPH 2z 2752 S 1
A= Fig. 3¢ YERAITE DPPH 2] 252 vY
ATFEE FE 5.0 mgmL7HA= A= o] AL vl
3I3ITE 5.0 mg/mL5-E] DPPH 2}]Z &A% v G
FZE9 w5l vjERIeltt. 53] 55 5571 5.0 mg/mL
A 50.0 mg/mL 57} & 7-9- DPPH 212 2452 2.9%

oA 70.1%% Z7VIch e 323 B0 Ascorbic acid

2.5 mg/mLelA= DPPH radical 2462 92.3%%Itk

—_
=
=]

ff\u ; m| o
80 /

60 /'/ "
40 / /

20 ’—/./
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—ll- Ascorbic acid

activity (%)

DPPH Radical scavenging

Fig.3. Effect of hot water extract on the DPPH radical scavenging
activity.

3.4. 3859 AARA

n|od Y5255 pH Wislel| o HAdS =74 7] 913

DPPH )7 2758 S43I3ick 579$ Avl= Fig. 49}
2t} pHO| W= 3-1171A] AE X18siict pH 5-7 W
SlolM 4= 90% o1 free radical 27153 FAISIIACE 18
pH 11 oPd = dAksl a3} 78.9% % HAads & 4= 9l
otk 01718 ksl FulE Hol= Bzlo] FAJoL A
A ePgsht dZEdolls BebdEs & = vk & ok
AL =As17] el % 80, 100, 120, 140, 160°C <)ol A
DPPH 7 2755 S48tk Fig. 500 LERS nlel
7o) 80 ColA] 140 C7H4] &5 HLJoA] 98-100%2] &4k3}
S ARk dos BT 18v 160T o)
ksl gdo] ot hAasin) vl A4FEE0] kst

Bge Lo e BAUS o 5 9l

¢

. _
g 8
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(=]

S
o
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3 s 7 R
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Fig. 4. Effect of pH of hot water extract on the stability of antioxidant
activity.
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Fig. 5. Effect of temperature of hot water extract on the stability of
antioxidant activity.



0| g~ FES 9| aitst 2 of &AL X 7{= 1t 155
35 3499 o] QlaL, SAREOI Z1Ef 2150 BE B P
YL A E A S FREA B ATt 25 flE AFE AVEES ARRE D vk 2)EE] /P3A Sl
=2 3ES YER) 53] reductone®] A9} o] A YEZAR] (nitrosamines)< 235 A tiFe] Ao RSO
SJi=t] ©]i= hydrogen ¥AE 715-5H0 24 free radical chain = 255 UlollA] #TE o2} NireosoREs<] 21419 $IU] pH
S WHIIA7IH peroxided] oJH A2} WES310 peroxide 1} AR, Sk A AAE 4= i) [15]. 53]
ol FAES AN B FHS JESAle] HrbeE oIS I AP AU A wigel A o Al
AR Ry = gue] T 2 AIRS 54 et sHAl W EF homoglobin®] AFs} o] methemoglobins
Aolsit). e-eL ksl &gy WS #Ho] Q= A 4d810] methemoglobinuria's ¥t 22 215 o5 o4
o7 Ad#A vk TmE ikl B tiet T3t oivka WuEQIUh[16]. 18 PR pH W3} (1.2, 3.0, 4.5,
Ak gttt [13]. v 4= Y avEs & 8.0)9 F& gullof| wE obdAt AASE AE P 1 A
o}17] 13l potassium ferricyanideH& AHE3te] 43 = Fig. 8o YERGILE v A4FEE2] ot A%
3 71 A= Fig. 60 UERAATE SH1Ee v A4 & pH 1.2004 2] Aol Q1301 80.5-82.7% WA
FE=EY F5 5 mgmL7HA = AL eRA] ofdsiglar, ok 1y pH7F STkl whet FEEmljel] #AIgle] B

10 mg/mLoA] 100 mg/mL =z F7F & 49 552 3¢
HL2 0.06 OD 700 nm®~] 0.19 OD 700 nm$Ic}. 12
A2 02 Controlol] HIE] w2 35S BTk

I
~

—@- U. pinnatifida extract
—m— Ascorbic acid

T »
| [

0 005 01 025 05 1 2.5 5 10 25 50
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Fig. 6. Effect of hot water extract on the reducing power.

3.6. SOD SAIEHA
ksl G4 5 3R] Superoxide dismytase (SOD)= A3
of aZe- ghel AAES INBFEAR A ieS S
] 3= @40t} SOD+E 30 KDa ¢S] EAls 71
izl 2w Aol A SR Fekal AR S
v} A} pHoll BQFISI} [14]. SOD AR Fig. 700
ERaL RS AlEllA S moketAl YERsTh

—_
(=3
(=]

60

40

20

0.5 1 25 5 10 25 50
Concentration (mg/mL)

(=}

Superoxide dismutase activity (%)

Fig. 7. Effect of hot water extract on the superoxide dismutase activity.
3.7. oPA4td AA &3}

ek 52191 N-nitroso3}5HE2] A1A12] shuRl oFaakad
2 )7 = s o, -5 NS ZkE FAkEe] e

Aastolet. 53] pH7E 1.2004 8.0°0%2 S/ A9 A
FEEO] oAl AT7F5E 4.6%F FAEIth B AoA
ol A7l E v FEES ool EA1E 5 Qe T
257 I AT A A TETY E o A 2
PSS ok oyE 5= S A o= AlRHrt o7 FC] Herb
FZ &4 &, methanol FEE2] oA 4~AZE-S
pH 1.2°114] 56.9-86.7%% “eRS1aL, pH7}F 7 Ftell whet
A=} 7H4s1e] pH 4.200145= 0-1.7%% 53] appleemine 2}F
thyme> 27150] Q= 207 Yepdtl 715 #l=A 318t
5 FEE FEN0T FA F ofHAd AAES oY
pHZEZEIA S48 A3 pH 1.2014 71 57 vebstar
pH 6.0014] tF-2 74y =Sickar Barsielot [17]. A1
z, AY, I, 559 78 FE2E oK Hlss &
st A} pH 1.2014] 71 537} 29411 6,004 2 2)o]
7F glokar siSlch [18]. 52t FE=2] 784> pH 1.2¢14
90%2] ot 2A% S YERY I methanol FEE2
712] 100%°1 77k 2735 etk siglvt [19]. 528
5 219] 749+ ethanol F555 pH 1.2904] ¥EgAIZ1 A
I} 40%0 1 Fall5-S eItk B asieit) [20]. v A
TFE= pH 12004 skl wE opik Al 59 AR
3P7] S8l 55 55 0.5 mg/mLolA 100 mg/mL7H] 5%
= olgste] SASIN I 11 A3= Fig. 99 YERATH
oA AA B¥R= WY IFFEEY IAIRle] e o
Aot} E3] E5EE 5571 5.0 mg/mLol 50.0 mg/mL
2 Z7F 8 7S o AlA &3 30.1%014 83.4% = ST
gt 18] 100 mg/mLolAE 85.5%0]31Th

—
(=3
(=}

[ N

—
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pH

®
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D
(=}
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(=}
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o

Fig. 8. Effect of pH of hot water extract on the nitrite scavenging
activity.
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Fig. 9. Effect of the hot water extract on the nitrite scavenging
activity.

43
Z8 9 o gt e A

%2 AbsEnh

I

. T

AT v GTFEES VIS AE 9 SREE Alxel
Sakaat, vleR, 7714, op|iet, SAksREA) Wl okl
2 &3 A Sl ofe] HlERT FollA] vlERT E<}
C7t & =2 1 5% 27 030 mg/100 g9} 0.11 mg/
100 go= VEPth 771= %> Ca > Mg > K > Fes®
ol T = oItk fr2] oAk F 14°50]
#HE #1031 o15o)A Pro©] 46.60 mg/100 mLE 7P =%k
3L 71 U2 =2 Glu > Asp > Val > Leu > Met > Gln %)
o} A oAk F 19F0] AF H3AL oFelA Glu
7} 20.69 mg/100 mL= 7Fg =31 1 ThaC = Ala > Val >
Leu > Gly > Pro =it & Eejolls &2 55 5%
7} 1.0 mg/mLelA] 10.0 mg/mLE 571 & 3% 0.043 OD
725 nmei 0.125 OD 725 nm% <7318t} DPPH 2ozt
2ASE FE2E9 5o vlE 31, & 50 mg/mL
oM 70.1%Ack FEE2 pH7} 3-98 99} 140 C7A= &
Abst @Ado] eFgElar, pH 11 ot 160°C ool &
o] ezt 2] ot AlA k= FEEC] AR
A SRR F7F @S 1AL, 59] pH 8ollX= 4.5%
Q1 FFEFEE F71 5 mgmLold 50 mg/mLE S} &
749 30.1%°014] 83.4% = =7tttk nY) A4FEE9)
Erglsh 3itst 9 obil AlA 3 7167 A 2 s
FURE o g7EAL w5 Zlow I

i ri

ol

2 AdFE w898 )sR o st Alde] 2 gall
oAt oz FaE A4 to]r (2010), ool 7HA
=y
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