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ABSTRACT

Physicochemical Composition and Antioxidant Activity
of Spergularia marina Griseb and Quality
Characteristics of Cookies Added with Spergularia

marina Griseb

by. Kong, Hyeon-Mi
Advisor : Prof. Lee, Jae—Joon, Ph. D.
Major in Nutrition Education,

Graduate School of Education, Chosun University

This study was carried out to discriminate the effects of the Spergularia
marina Griseb according to the drying methods (hot air drying and freeze
drying) on physicochemical composition and antioxidative capacity in vitro, and
to evaluate the functional effects of Spergularia marina Griseb powder addition
on the quality and sensory characteristics of cookies.

The results obtained were as follows;, This study was investigated to
compare the physicochemical properties of hot air dried Spergularia marina
Griseb (HSM) and freeze dried Spergularia marina Griseb(FSM). The moisture
and crude fat contents in the HSM were higher than those in the FSM,
whereas the crude ash content was lower than that in the FSM. There were no
significant differences in the crude protein and carbohydrate contents depending
on the drying methods. Organic acids including oxalic acid, citric acid, tartaric
acid, malic acid, succinic acid, formic acid and acetic acid were detected.
Organic acid contents were oxalic acid, citric acid, tartaric acid, malic acid and

succinic acid were higher in the FSM compared with the HSM. The contents of

_Vi_
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the vitamin E and C in the FSM were higher than those in the HSM. Total
mineral content of the FSM was significantly higher than that of the HSM.
Regardless of the drying methods, K and Na were the most abundant elements
in the samples. The contents of crude ash, vitamin E, vitamin C, total organic

acids and total minerals in the FSM were significantly higher than those in the

HSM.

Total polyphenol contents of Spergularia marina Griseb ethanol extract were
found to be 36.98 mg/g in the hot air drying method and 95.07 mg/g in the
freeze drying method. Total flavonoid contents of Spergularia marina Griseb
ethanol extract were found to be 10.53 mg/g in the hot air drying method and
2153 mg/g in the freeze drying method. Total polyphenol and flavonoid contents
were significantly higher in the FSM than in the HSM. The DPPH radical
scavenging activity of HSM and FSM ethanol extracts were found to be
17.65%, and 19.70% in 1,000 ppm, respectively. Antioxidative index of the HSM
and FSM ethanol extracts measured by Rancimat were lover than those in the

BHT, BHA, and ascorbic acid, but were higher than that in the control.

The characteristics of cookies added Spergularia marina Griseb powder were
analyzed by quality and sensory evaluation. Samples were prepared with
different levels (0, 1, 3 and 5%) of freeze-dried Spergularia marina Griseb
powder. For the proximate compositions, the addition of Spergularia marina
Griseb powder decreased the moisture and crude protein contents, but it did not
affect the crude fat and crude ash contents of the cookies. Spread factor of
cookie was significantly decreased by addition of Spergularia marina Griseb
powder. Hunter’'s color L (Lightness) and a (redness) values significantly
decreased with increasing Spergularia marina Griseb powder content, whereas
the b (yellowness) value was increased. Hardness was increased in proportion
to Spergularia marina Griseb powder addition level, which had no significance
between control, 1% and 3% added cookies. But Hardness showed significantly

high level in 9% added cookie. In the sensory evaluation, the addition of 3%
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and 9% Spergularia marina Griseb powder had the higher score in flavor, taste
and texture. Cookies with addition 3% Spergularia marina Griseb powder had
the best score in total acceptability. This study suggests that Spergularia
marina Griseb powder is a good ingredient for increasing the acceptability and

functionality of cookies.
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3. 771 £4

712 42 Kim ¢ WG wek A8 1 gol S7F5 50 mLE 7Heto]
80T FxoA 4417 7FE 3 & Qualitative Filter paper No. 2 (Advantec, Toyo,
Japan)® o] 35t o] M-S rotary vacuum evaporator(EYELA, Tokyo, Japan)Z
T3 s EFFE 10 mLE A 839 Ion chromatography (DX-600,
Dionex, USA)Z #A st om #2418 Table 13 2t}

Table 1. Operating conditions of Ion chromatography for organic acids

Item Condition
Instrument DX-600 (Dionex, USA)
Supelcogeltm C-610H column
Column
(300 x 39 mm, 4 um)
Photodiode array detector
Detector
(M990, Waters, MA, USA)
Mobile phase 0.196 phosphoric acid
Flow rate 0.5 mL/min
Inj. volume 15 uL
Wave length 200-300 nm (main 210 nm)
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4. ¥Rl 4

HIERRL A9k HlERRl E 242 AE3 AW AduE s VIeer 353

A3 & 50% KOHE < 025 mLE #H7ista 2087 7193 v S/ 5 24 mLot
hexane 5 mLE 7}&to] 1,900 xgoll A 2087 YA E2 st AAAS g &
hexane 40 mLE 7}3stal Centrifugiste] A dS 28 o5 S/FTE 784 10

w1 B2 5 stEs AT o AAS 33 wkEI F %
NaxSO42 €43}l rotary vacuum evaporator® hexane< 7
(LC-10AVP, Shimadzu, Kyoto, Japan)® #Ast o EXZHLE Table 29 2
t}.

HElH C 42 Rizzolo 59 W34 wat A% 5 g2 metaphosphoric
acid(HPO3) &< 20 mLE 7Fete] 53 ths 1,900 xgoll A 207 4l &g
%9 045 pm membrane filter® o] 3}3le] HPLC (LC-10AVP, Shimadzu, Kyoto,

Japan)® A&t o B XS Table 33 7t}
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Table 2. Operating conditions of HPLC for vitamin A and E

Item Condition

Instrument LC-10AVP (Shimadzu, Japan)

Column Shim-pack GLC-ODS (M) 250 mm

Eluent acetonitrile : isopropanol = 95 : 5

Flow rate 1 mL/min.

Inj. volume 10 uL

Detection Retinol : SPD-10A (UV-VIS Detector 254 nm)

Tocopherol : RF-10A (Spectrofluorometric Detector

Table 3. Operating conditions of HPLC for vitamin C

Item Condition
Instrument LC-10AVP (Shimadzu, Japan)
Column pBondapak Cig (3.9x300 mm, 10 pym)
Mobile phase 0.05 M KHPOy : acetonitrile(60:40)
Detector UV-VIS Detector(254nm)
Flow rate 10 mL/min
Injection volume 20 pL

-8 -
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5. 7714 &4

F71d #4L2 AOAC. WH@BDA wek Alg 05 g, 20% HNO3 10 mL H
60% HCIOs 3 mLE FH3te] FHsid wj7zt# 7FEsk & 05 M HNO;S = 50 mL
= ALY RS EF89S 2% & gE vialdl 8 mLA FHEte] ¥+

fdo2 3al 05 M HNOsE tix2F2 sto] dxg5w 33 =A(AA-6501GS,
ol o

Shimadzu, Kyoto, Japan)Z &A1t o 432712 Table 49 2t}

Table 4. Operating conditions of atomic absorption spectrophotometer

for minerals

Item Condition
Instrument AA-6501GS (Shimadzu, Japan)
Lamp Item Ca Fe K Mg Mn Cu Na Zn

Wave length

(nm) 42277 2483 7665 2852 2795 3248 3302 2139

Current (mA) 10 12 10 8 10 6 10 8

Slit Width (nm) 0.5 0.2 0.5 0.5 0.2 0.5 0.2 0.5

Lighting Mode BGC-D» BGC-D; Non-BGC BGC-D; BGC-D» BGC-D; Non-BGC BGC-Dy

Burner height
(mm)

Fuel gas Flow

(ml./min.) 2.0 2.2 2.0 1.8 2.0 1.8 1.8 2.0
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6. A A=

B o AFo| Ao BA Ay SPSS 17.0 P/C package (Statistical Package for
Social Science, SPSS Inc., Chicago, IL, USA)E o]&3lo] B4 A 33 6t
Bae] 243 PALEFOAR BAFAOY BAY F94 AAS Student's

t-testE AAJsto] ol HAA S
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A2d AzTHA BE ATUE =9 i3

1. Y E das 5

Z 2 5AAZI AUES 2835t 100 g9 80% ethanol 1500 mLS %7}

3k o2 SFZS $-23F 65°C2) Heating mantle (Mtops ms—265, Seoul, Korea)ol| 4]

3A7M 33] %3 3 Qualitative filter paper No.2 (Advantec, Toyo, Japan)® o] 3}&}

oS 40T F& AoA rotary vacuum evaporator (EYELA VACUUM

NVC-1100 Tokyo, Japan)® &wi& #A|AStL w53 = w401% AA 1d= ¢

Fo] FEE FEE TEATHE0). AdUEY] deg & 82 1392%2] R v

ArskE BAEr] flE] 70T WE BykebdA ARESEdth Lee®t

ZEHY ¢ =& DPPH radical 47
PA

Aol cehE FE= AAISIT

2. % polyphenol 3% =3

¢

Az E S8 Adys JdEs F559 3 polyphenol %2 Folin-Denis
HED et SAsEA T Test tubed Aldy=E oeE FE5=55 247 1 mLY
Folin reagent 2 mLS Y& & A2 4 387 AA3 S 10% NaxCOs; 2 mLS
A7 e 2, o]E &33k 3 30Tl A 4027 AR 2w, UV-spectrophotometer
(Shimadzu UV-1601PC, Kyoto, Japan)& AF&3}e] 760 nmolA S =5 SH3A
o EFF4E tannic acidg ol&3ste] HEFE7E 0, 02, 04, 0.6, 0.8, 1.0 mg/mL

7 HEE Ageigen o ggxMogRy AR F9 % polyphenol F#FS T

ics
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3. & flavonoid &% =X

% flavonoid & %2 DavisH<S W sH W @BR)el wel St Ay E o
an

B8 FEES 7217 1 mLol diethylene glycol 2 mLS 73k t}8 IN NaOH 20
uLs 931 37T water batholl Al 1A1ZF &<F HE-g-A]71 & UV-spectrophotometer

(Shimadzu UV-1601PC, Kyoto, Japan)® 420 nmolA 3 =5 =AY, £+
T8 ruting ol&3te] HEF H%27F 0, 0.2, 04, 06, 0.8 2 1.0 mg/mL7} H ==

ZAEF o o] AEaMorHE A% 9 flavonoid S-S 3T

4. DPPH radical £2A% =X

ALY E e F&559 DPPH (2,2-diphenyl - 1-picryl hydrazyl) radical 27
s Blois® WH(B9)= ol&dt] FAHsAY. AlduE dEs FEES 44 1
mL¥ 0.2 mM DPPH 1 mL%& test tubeoll 3 F EFste] 37T~ 3023+ W
£ A]# UV-spectrophotometer (Shimadzu UV-1601PC, Kyoto, Japan)Z A}-&3}o]
517 nmol A F3E=E SAHsAT olw &4 HwE flste] FHHET R H
B}l C (Sigma Co., St. Louis, MO, USA)9} g4 3sxk3lx|el BHA% BHT
(Sigma Co., St. Louis, MO, USA)E o|&3to] sdst oz SHeAo A
U olgbE F%%° DPPH radical 2452 (1-A53H7I9 35/ FH7H9
F35)x100 ekl AAkste] vERWTH

o,

o
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5. F25 A5 53

GAF3EA] S=(antioxidant  index, ADE Joo %9 WHMAO)C  ¢]dte] Rancimat
(Metrohm model 679, Herisan, Switzerland)< ©]-83}4 ZFAsAch AduyE o &
2 FEE 23 SulE &3] A A shFo] 600 ppmeol FEH soybean oil
(Sigma Co., St. Louis, MO, USA)d H7}sta, =S 3H(Ultrasonic processor,
UCX-750, USA)E o]&ste] Alm FE=34 ?r A7 & EFEEER SATH

Rancimat®] &4 271 AEUE FE5F 47 30 g& ¥88 7] (reaction vessel)

o

8
o H3tx FFF 70 mLE =AE7](measuring vessel)oll Y2 & 110ColA air
flow rate 20 L/h& ato] A3t AS vlustgdet. e = 33 ke Ad
stol A& @el HWAAE FEAGARIL, 7S AHE FAkEAdl BHA, BHT
(Sigma Co.¢} A a2FabA|el vl el C(Sigma Co.)E F-Alo thal H7}ste] <

A xRt o® vl AEE ).

2

=

|\

o~

6. A A=

B Ao A dojzxl Aup= SPSS(Statistical Package for Social Science)Z ©]-&
sle] A £ AT Addd AT oA E AR, Al He o] At
A BA e Adgu)z] AR A (one-way analysis of variance)S 3+ 3 =A% feo

A AAL p<0.05 oA Tukey's testE o] 83t A5 A (Post-Hoc test)st

Ak b BAA FA4 1AL Student's t-testE AAdo] Fo)AS
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A3d ATUE £2S HUMs #7919 FEEA
1. 438 A 5

AdusE #J7F F7] AxE A3 Adus 29 WA ogd AA B FA F
E71E AAst -70TCAA 4% v sZ27%7(ED 8512, Ishin, yangju,
Korea)® AZx3&dth. £37](HR2904, Philips Co., Netherlang)E ©] & 3}o] w33t
< 100 mesh A& FH{A L& 70°C°ﬂ/\1 W AstAA ALESEA T 7]
A zol AFER W E MAEATEE AEAHF), HE S Aol dusts 74

%

J
BEE Tiste] AbgsteTh

2. AEUE £ H7F F719 A5 W EH

—

AdusE 22 H7F F719 Zﬂi—i Hj gk H] = Table 59 b AlgdUE 222 2
7hHE kel "ﬂ‘é}oi H] & (w/w)< sto] dAYE SYsiditt Adue 22

L7ERe] HE2 o WMo dudds A dAsidlen, Adus £2s A7
A @2 Ae dEzT(ControDoz okl AduyE TS D7 dishe

19%6(SM1), 3%(SM3), 9%(SM9)E FH7Fgk Lo 2 &3k 3At
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Table 5. Formula of cookies with different amount of Spergularia

marina Griseb powder.

(g)

Treatment?
Ingredients
C SM1 SM3 SM9
Flour 300 297 291 273
Spergularia
marina Griseb 0 3 9 27
powder
sugar 180 180 180 180
Butter 200 200 200 200
Egg 70 70 70 70
Baking powder 6 6 6 6

YC(Control: No Spergularia marina Griseb powder), SMI1(Spergularia marina
Griseb powder 1%), SM3(Spergularia marina Griseb powder 3%), SM9Y(Spergularia

marina Griseb powder 9%)
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3. ity £ H7F F719 AxEH

AevsE &% HJ7F F7]+ FIAZE A 7P REAoE A gste A9
(creaming method)S AF&3dlo] #| 23k th(41). W5 7] (NVM-14, Daeyong, Seoul,

Korea)oll A& FAd HEHE Y Fs] HAs) F=gdA & § d9gs ¥
Z

& m
y F7] 2 o dAds ¢ dydste] $1E 180T, ¥
) & 2 E(FDO-7104, Dae Yung Bakery, Seoul, Koea)ol| 4] 15% 7+ -9t} -

o}
o
3
3
T
o

4, AVHE B

AEus 2% "7 F7]9 AR 42 Association of Official Analytical
Chemists(A.O.A.C.) HH@BDel Fate] AAlgtdon, 8 106T Fd7FE =z,
Zam A8 micro-kjeldahly, A& soxhlet W 9 X3EL 3|3jor B
A8tk gstE S 10000 A i A, B fhe A o=

R 2,

_16_
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5. ¥ A X (Spread Ratio) =3

F719] HAA(Spread Ratio)e 274 (Width: Diameter, cm)ol ws F7
(Thickness, cm)9 HE Yyt Aoz AACC method 10-52 W (42)0] 23]

A As e 7719 AdL Aduys M7 F7] 5/hE vis sEes
AEd F AAACIE FAS, A4 F718 0= AN F g2 o
Al S F4stol F7] 3 el tid "yt APe ek ?71«1 FAE ¢
of F71 /& AR B2 § 77 xolE FAS, v F719 A £HME
vty sgols FAske] F71 & el Wi A FAE ekt 71 1Kl o
g e A FA= 33 vk 54§ Fatge ol&skila, W o F

e

719l 91¥€S ##sy] Y& yAE s (VLUU, PL150, Samsung, Korea)®

3% sk

F71 170l Bk Bt 27 (em/7)

A A5 -

F71 170l gk Bt F A (em/70)

6. 4% =X

AdugE H7E 719 RS H2 F7]19] %
JX-777, Color Techno. System Co., Japan)Z &Y A3 oA F7]o] Sl
3 53] HFE =AYt A== W E(lightness, Lak), 42 %= (+redness/-greeness,
azt) % A% (+yellowness/-blueness, bzh) S =A3stg o, ojuf A& T+

o] Lake 89.39, azke 0.13, b#t2 -051% H A & ARSI

FHAMe AMAA (Spectro  Colormeter

_17_
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AdusE 29 "7 F719 2473S 543%7] 2918l Rheomether(Compac—100,
Sun Scientific Co., Japan)S AF&3FaL, A8 T2 132 RD.S (Rheology Data
System) Ver 2.01& ©]&3le] A A5 th Rheomether?] 72> Max wt: 10 kg,

Distance: 509, Table speed: 120 mm/min, rupture: lbite % provex Z74 2 mm

o] number 4needles ©|&3ste] F7] THOZHE 4 mm AFs=E AASGw A
5 u A 2384 EAS SAAY. 717 A FeE o Be F

) 3 (Maximum Force)& 33] wrE-3lo] =435t 7 % (Hardness)®= WEFU QL Th

HsH2A

-
oX,
ol
R
o
5

BEAAE AR BAE AR J9e ggew 0@ow

=

Aol H7h ol tietel e § AAsidn. Adues B H7F FUE L8
ol A Fo] 1A% WzhA 71 & OPP (Oriented Pony Propylene) €& 0 & ¥4
sho] 24x17F Bagk Sof] 4 £33 HAlol Fol AEsdon, g Y AEE

Hi Uy e SEFE YOS AT F UE ARE HUtetEE St B3t

5 M(color), &F(flavor), St(taste), ¢] ¥ (appearance), %27t (texture), AR <
71 & % (overall acceptability)ol] ﬂ%oﬂ 54 713 HEwow H@rlslgda, zhzte 37}

gl tiste] ‘vl FHE ‘BES 3, Mg ymPE 1dow A
=3
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9. TAA=

o BE FAAEE SPSS

2

Aol a=005 FEOIA AT

=

A Ch A

=]
A
(Duncan’s multiple range test)<

g ol g3

Al package

=
S

R

=
o
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Table 63 7+

o
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= S 7 X ulo = Ty T oW oy R
135}%% S Lﬂl%_/i
K S 3 ol w o s o
w oL N o T U ;%}ao%
=i lﬁﬂt Y o ~ R %O X B° e
TR 5 ®SE T S T
P EmmN LT A R M
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Table 6. Proximate compositions of Spergularia marina Griseb treated
with hot air and freeze drying
(% dry basis)

Spergularia marina Griseb

Composition
Hot air drying Freeze drying
Moisture 6.23+0.14”" 3.95+0.31
Crude protein 31.24+1.20 28.41+1.43
Crude fat 4.82+0.10" 3.81+0.27
Crude ash 15.69+0.54™ 25.30+1.85
Carbohydrate” 42.02£0.42 38.53£3.86

1)Carbohydlrate = 100-(moisture+crude protein+crude fat+crude ash)

YAl values are expressed as mean+SE of triplicate determinations.

*Significantly different between hot air and freeze drying by Student’s t-test at
"p<0.05, “p<0.01.
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2. 7714

dFdx 2 sAdzse BEsts AduEe] f714F RS Table 73 2t
% 8%9 #7114 ¥43 AF lactic acidE A 7FL] f7]ate] HEHALH
d3% 2 FAdx MPYUE 25 oxalic aicd?] $FEFo] M = A eI, oo
2 AEAZR AYYES citric acid, malic acid, acitic acid, formic acid, tartaric

acid, succinic acid £ =2, TZ2AX ALYELS malic acid, citric acid, acitic
acid, succinic acid, tartaric acid, formic acid <22 YETH Lee 5(24)9
blanchingel] W& AduEel fF7]4F & B A AU UES oxalic acid,
lactic acid, malic acid, acitic acid, citric acid =2 &, " A yUE-S oxalic acid,
lactic acid, malic acid, acitic acid, citric acid =22 AZEHo] B Ay &

FS BT ol UA AN E A Ao AH AR FF, FEAV], AS

#7, AAAG Fol Wk f714ke] 24 ol B mol Aom Az

4% 9 41X AdUE 299 {74 S A EH, acetic acid FEF
Az ol A#glo] FoA AolE HolA &k

k3l oxalic acid, citric acid,
tartaric acid, malic acid, succinic acid =< TAAZ Al F5A =¢or,
formic acid= Stk & fF712F 32 AT AdyEo] 870.74 mg/100 g, &
A7x AEUEe] 494313 mg/100 g2 TAAZE Al FostA =A YER
FAAZ B dFAx A T F7IA o] AT olfr= UHE AR Qe
o f7)4tke] FAEAY 24dE Aoz AZETH45). wEka B AFd A A7
Z Aol AEUEe] {74 F ol A HEEH ddiY EdEs HAg o=
5

]
ARz WAL olgas Aol wtAsitin AzH.

oft
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Table 7. Contents of organic acids in Spergularia marina Griseb

treated with hot air and freeze drying

(mg/100 g)
Spergularia marina Griseb
Organic acid
Hot air drying Freeze drying

Oxalic acid 793.79+4.32"" 4789.81+113.60

Citric acid 35.77+0.90"" 65.08+1.36
Tartaric acid 2.45+0.13™ 3.49+0.15
Malic acid 20.00£1.17" 65.32+0.77
Succinic acid 1.34+0.09™ 751+0.18
Lactic acid N.D.” N.D.
Formic acid 6.64+0.09" 1.99+0.13
Acetic acid 10.75+0.62 9.93+0.20

Total 870.74+7.32" 4,943.13+116.40

VAll values are expressed as mean+SE of triplicate determinations.

“N.D. : Not Detected

*Significantly different between hot air and freeze drying by Student’s t-test at
“p<0.01,

p<0.001.
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GFAz L BANES] LUHG AWUEe] wewW A E L C @
pae] wehy A FEe AF

1
=
Az 25 HEHA sk, ve E &9 €3F1dx A 1.30 mg/100 g, #4731
[e)

ot
rlo

off
i)

Z Al 431 mg/100 golglem, eyl C 52 €30 =x Al 61.47 mg/100 g, &
AAZ A 12981 mg/100 g AZE AT} Lee 5(24)%5 9 AFdME AAFS A
A ubEo] vERY E 3FEFo] 2.95mg/100 g, BlEFY C o] 99.97 mg/100 gl &

JE T, Heo(23) 5ol AMEel wE ¢ g
2 vedtin wastel ¥ Ao Assh wsl ¥ o e RS dehuth
CAEYEO] hE el Buel wEw C FHe AWnwUs), dBNx

+ 11.69 mg/100 mL, 2 x3% A5+ 1243 mg/100 mL=Z AldvEo] ¢

= oJo

£
o
M
1%
e
iin)
A=)
(@)}
oo
(@)}
—_
8
w®
~
—
o
o
wQ

>
il
oj

3 =& Ao e
ety E¢F Hlebd C 3o Az wel §929¢ 2olS melon 9%
Zo ws FAAz Al vlElRe] &Aoo Ao o] A UElWTE AFUE A

B e HER C7F E4E olfr= BB C7F E3t AbAol ®ZHEe] ascorbic
acid oxidasedll 9&l HA AFslE 7] W (47)e]H, W FAAZR Al v g 2
ToA dz7F A8 E 7] witel HlER C7F & BEH oz Azbdr
wepA] 2 AFA sAAZR Al AlduEe] HEW E, Co o]l E=A e
)

son, dFAzx Wy v sZ2dx WAl e S fAs E4S Y
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Table 8. Contents of vitamin A, C and E in Spergularia marina

Griseb treated with hot air and freeze drying

(mg/100 g)
Spergularia marina Griseb
Vitamin
Hot air drying Freeze drying
Vitamin A D
. N.D. N.D.

(Retinol)
Vitamin E )

1.30+0.07 4.31+0.09

(a—tocopherol)

Vitamin C 61.47+1.02" 129.81+9.16

UN.D. : Not Detected

YAll values are expressed as mean+SE of triplicate determinations.

*Significantly different between hot air and freeze drying by Student’s t-test at
“p<0.01,

p<0.001.
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A¥= Table 99 Zth AEuEe] Axwe] gagle] Kol d3Fdx Al
2,601.00 mg/100 g, = AAZx Al 467400 mg/100 g2 7Id =2 dFS HEW
i, e dFAE AUuUES Na, Ca, Mg w°l%03L Fe, Zn, Nn, Cu®] %2
g e ol dslen, 41 F AEUES Na, Mg, Ca 28 §=Fo] =%
Mn, Zn, Fe, Cu®| &2 m&F hfrEo] AU Hong(48)94 AFME F2H1%
g AlduEe] 714 3 F Naol 7HE @ol #frHol dtha Hilskglal, Lee
T24)e] AFANAE A ALUES F71E F Na o] 7Hg =okthal Hilsho]
o Ayel o2 AddS Bt Kim(49)o] A3 stxe F714d 2A4S 4
HEW, K, Na, Ca, Mg, Fe o2 I AFo| e AdvE F71d 243 FARS
A5 VeI Kim 5 (00)& o]y g 714 o] ztol= Also AL, Al

A7 2 Azubgel o]z 719 Holgta &k
Azwdel B2 7712 F e IFAZ A 534056 me/100 g, FAAZE A

897892 mg/100 go= Yty 4% Wao] dFdx ARG A 52 I
of F7AS et = Aem yEut °ol$ K, Mg, Na, Mn 3 Zn2 §4
Az AdyzodA FoHoz =2 s B, Ca Fe ® Cus €3dx3%

ArduZel A =A debd Aol wel 247 & 2ol Bl

HJ

AT An 74 /149 FFe Axwgel uhe b AeE nyoy F ¥
49 FHe FAAE A o ¥ dehath e Qe GFYRS Ao

0

=g
TAE F= TAdE WS ol&ds Aol Aedd Adow dAddd.
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Table 9. Contents of minerals in Spergularia marina Griseb treated

with hot air and freeze drying

(mg/100 g)
Spergularia marina Griseb
Mineral
Hot air drying Freeze drying
Ca 502.40+1.91"" 387.80+10.74
K 2,601.00+41.57"" 4,674.00+111.43
Mg 321.90+7.04™" 489.90+14.32
Na 1,885.00+£43.88""" 3,388+56.00
Fe 11.77+1.04 11.36+0.24
Cu 0.95+0.07 0.88+0.07
Mn 7.45+0.27"" 14.25+0.16
Zn 10.09+0.41° 12.73+0.53
Total 5,340.56+96.18™" 8,978.92+193.48

VAll values are expressed as mean+SE of triplicate determinations.

*Significantly different between hot air and freeze drying by Student’s t-test at
“p<0.05, “*p<0.001.
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A2d AzLHAd e ATUE dege FEE4 FF

2 EA gy EE3= 23 tAFEQ phenold EA S FAZ| 2 X skE WhEE
%318 HA A Qe AEdTeRE dwd g4 9 Ve AYERAETS 28T 5
A= Aol o] gatsl dAF, sl Y T uUEdS AL S HA L U=

o)
= AA
2 Ao A S5 AdyE deEsE FEE9 AWy F polyphenol & &2
o
=

mg TAE/g¢ 9507 mg TAE/g e#stal = A= yey Ay e #
o] ztolE HYth Heo 5(23)2] A-FolAl Aldi}&E9] % phenol &3S vEHS
FEE 417 mg/L, @5 FEE 251 me/L, g FE55 225 mg/L £ & e
Yok Ay sy 2 A2 =9 F polyphenol 33Ee] S AwEAH, F

o o3 =7]el A 2827 mg/g, AW A3 F7]dA 1551 mg/ge® Y
B

AR, 53] e 69 A7 4y F7)oA 36 mg/gl®E 7 =kuhal
3FATHAB0). Choi 5(53)& 43 HAWx BE3IFZHE9 polyphenol %2 ethyl

acetate 21.33 mg/g, butanol 17.31 mg/g, methanol 2.33 mg/gl. & FZHF&ujo] u}
g ZolE Yehdlitta Haste] 2 AFCA AduE dEE FEE9 T
polyphenol ##o] o =4 HEHSS & + AU
AZLHE 283 MEyUE9 & polyphenol SH#ES AZEAZF A& H| 3|
FAAZ AUEAdA =4 ek AdxWHe| e A ZolE e o]
g A3+ Chung (549 AFoA A& FEE0 45 A5y 401x
A& oA F phenol o] FoHom = 2 =
T A AlsdAME AR e gegste] Hlug 23 FAR A 5lA
&

7H¢ ES & phenol $HEFo] EaLE H(55).
o]
=

O:

o

NI\
o

H
5 += phenold 22 AHFEY ==
al

T ATl Wink(56)= Hastith 2 Ao dFd

3 dF FEAAE FE 93& F polyphenol §HaFo] YWolx Ao 2 ALz HU

i

Lo
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oo goA] MR el & polyphenol dHEFS
FakS el o] A& 9] polyphenol 3t
T2 WRjolet AzhE

=0 3}
=y

o
ol
i
S

o]
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120 A

100 A

oo
]

Total polyphenol (mg TAESg)
- @
o] —

e
]

H5M F5M

Fig. 1. Contents of total polyphenol of 80% ethanol extracts of
Spergularia marina Griseb treated with hot air and freeze drying

HSM : Hot air dried spergularia marina Griseb 80% ethanol extract 1,000 ppm

(1 mg/mL).
FSM : Freeze dried spergularia marina Griseb 80% ethanol extract 1,000 ppm

(1 mg/mL).
*Significantly different between hot air and freeze drying by Student’s t-test at
“*p<0.001.
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2. & flavonoid &%

Flavonoidi= ¢F 4,00099 79 33E= o]Fojx A
A G T8 Y s S2dol, AE Folle dtE 3 23 E wigA
(glycoside) FE|Z EA|gIt}h. o523 J¢e
EAEH A3t A48 o a3 e AL

2 Ao SAHE AdUE oeE: FEEY AU F flavonoid S
Fig. 2¢ &2t @d51x 2 271x AdyEe F flavonoid 32 7H2F 10.53
mg RE/g®t 2153 mg RE/g $#3dta = oz vehy gl ol wah #2935
zke]lE YERWTE Heo 5(23)2 ARUES] F flavonoid o] Webs F&
189 mg/L, o&& F=55 122 mg/L, €5 =% 110 mg/L £2o2 YEN T
Haste] 2 Ao Aol ARG Aol A= &t AWzE AE
7152 2 = flavonoid $F#Fo] 269 mg/g 3HEH o] AFNI(59), Lee 52 A FolA
v AdAzxd dHx FYFEE9  flavonoid FHFS  hexane 1.7 mg/g,
chloroform 7.1 mg/g, ethyl actetate 109 mg/g, butanol 3.1 mg/g, water 4.9
mg/go 2 Kl (60) & AP ALduE dets FEES F flavonoid

of duixel ¥ ¥ w&S & F AUATH
=]

AzAEE gdgste] AgyUEe % flavonoid $HES =4S Ay 431x A
o] Hla) F23dx AduEd A FolHom A Yeu dxwRd &
ZRAgolel £ut# 9 % flavonoid $H#o]l TZAWNZ AglTolA =A vehd A

i

AR A3ES ®BATH6]). dFAZ AEUES flavonoid $FEo] ozl o]
AdIZ3Ax A €4 Aol o3& FE8AHEY 5= A3 AoE AZHATG6).
Aol A AUEo] & flavonoid oHES 4

e S Hol BANZ PAL o F3hE o] T ol B

T o

—lo
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30 1

=]
]

Total flavonoid (mg RESg)
=
L]

H5M

Fig. 2. Contents of total flavonoid of 80% ethanol extracts of
Spergularia marina Griseb treated with hot air and freeze drying

HSM : Hot air dried spergularia marina Griseb 80% ethanol extract 1,000 ppm

(1 mg/mL).
FSM : Freeze dried spergularia marina Griseb 80% ethanol extract 1,000 ppm

(1 mg/mL).
*Significantly different between hot air and freeze drying by Student’s t-test at
“p<0.001.
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3. DPPH radical £A%

DPPH radical &2 A4 stgte= gibst dde Ad 243 whgsto] F4
xS Wrop ghelgo] wel & Aol GEAlE = EHo] glow HlwA Fe Al
b Qb Ftste s 58T & ol oY A AARFYH s =de HAe
= ®ol o] &% ATHE2,63).
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Table 10. DPPH radical scavenging activity of 809 ethanol

extracts of Spergularia marina Griseb treated with hot air and freeze

drying
Concentrations Drying method
(mg/L) Hot air dryingl) Freeze dryingZ)
125 4.35+0.26” 5.64+0.38
250 6.24+0.31 7.15+0.14
500 12.30+0.35 13.82£1.05
1,000 17.65+0.84 19.70+0.51

YHot air dried spergularia marina Griseb 80% ethanol extract.
YFreeze dried spergularia marina Griseb 80% ethanol extract.

YAll values are expressed as mean+SE of triplicate determinations.
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Table 11. Antioxidative index of 80% ethanol extracts of Spergularia

marina Griseb treated with hot air and freeze drying on soybean oil

Samples” P’ ATY
Control” 6.77+0.10”"" 1.00
HsM? 8.74+0.20° 1.29
FSM” 8.93+0.18° 1.32
BHT” 13.32+0.24" 1.97
BHA” 13.01£0.13" 1.92
Vitamin C 15.27+0.25" 2.26

YThe concentration of all test samples was 1,000 ppm (I mg/mL).

?Control : soybean oil without ramie leaf ethanol extract.

I%)HSM :
YFSM :
BHT :
YBHA :

Hot air dried spergularia marina Griseb 80% ethanol extract.
Freeze dried spergularia marina Griseb 80% ethanol extract.
butylated hydroxytouene.
butylated hydroxyanisole.

"Induction period(IP,hr.min) of oil was determined by test of Rancimat at 110°C.

® Antioxidant index(Al) was expressed as IP of oil containing sample/IP of soybean

oil.

YAll values are expressed as mean+SE of triplicate determinations.

19 Abbreviations: Different superscript letters indicate significant differences
at p<0.05 by Tukey's test.
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Table 12. Proximate compositions of cookies made with Spergularia

marina Griseb powder

(%)
Treatments®
Items
C SM1 SM3 SM9
Moisture(%) 3.69+0.072% 2.35+0.01" 1.93+0.11° 1.69+0.04°
Crude fat(%) 22.88+0.24%5Y 23.91+0.40 21.65+1.15 22.70+0.24
Crude ash(%) 0.41+0.06™ 0.37+0.05 0.65+0.12 0.79+0.28
Crude protein(%) 4.81+0.08" 4.67+0.07" 4.65+0.08" 4.27+0.09°

UTreatment : See the legend of Table 5.

YAll values are expressed as mean+SE of triplicate determinations.

“Means in the same row not sharing a common letter are significantly different
(p<0.05) by Duncan’s multiple range test.

NS : Not significant.
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Table 13. Spread ratio parameters of cookies prepared with different

levels of Spergularia marina Griseb powder

Treatments®

C SM1 SM3 SM9

Items

Widthness(cm) 8.75+0.14Y* 7.71+0.07° 8.05+0.09" 7.71+0.04°
Thickness(cm) 0.97+0.02° 1.10+0.04% 1.100.01° 1.04+0.02%

Spread ratio(w/t)” 9.03+0.28° 7.05+0.26 7.34+0.05 7.40+0.15

UTreatment : See the legend of Table 5.
?Spread ratio(w/t) : Widthness(cm)/Thickness(cm)
YAll values are expressed as mean+SE of triplicate determinations.

"Means in the same row not sharing a common letter are significantly different

(p<0.05) by Duncan’s multiple range test.
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Treatment”

C SM1 SM3 SM9

Dough

Cookie

Fig 3. Appearance of Spergularia marina Griseb cookie dough and

baked cookie.
YTreatment : See the legend of Table 5.
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Table 14. Hunter’s color parameters of cookies prepared with different

levels of Spergularia marina Griseb powder

Huner’ color Treatments”
values C SM1 SM3 SM9
L 77.31:0977  68.11+0.53" 60.71+0.24° 57.49+0.25°
a -2.130.16" -8.96+0.15" ~11.6940.06°  -11.44+0.18"
b 28.09+0.52° 35.16£0.59 39.49+0.25" 38.94+0.28"

UTreatment : See the legend of Table 5.
YAll values are expressed as mean+SE of triplicate determinations.
“Means in the same row not sharing a common letter are significantly different

(p<0.05) by Duncan’s multiple range test.
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Fig. 4. Hardness of cookies prepared with different levels of
Spergularia marina Griseb powder

Treatment : See the legend of Table 5.

All values are expressed as mean*SE of triplicate determinations.

*PDifferent superscript letters indicate significantly differences at (p<0.05) by

Duncan’s multiple range test.

_45_

Collection @ chosun



AR Be Askete] Alxd Fole AL @ o old, A7 0 AAHe 7]
T5o gHom HE=AAE AAs & Ueld A= Table 159 2t} 719 A
Aol oAM= txz2a(O)F AldvE &2 H7FA(SM1, SM3, SM9) 1Fe] 214
duE 22 A7 FI1Ee vA 52 AFE e
2 HE FI)e] Ao Vst e HFE BHE o
© oolg 7HA dRE o83 FAY FIIEd Wt AnAke] Qo] FHT F9

ol

HPH glof F7le] gl diat whde] Wy WakH L oY) WEoldy nuatg
3

o

o
ol

o e AL g5 FolA &n o 2AE R (C)l HlE AlRuE B 3%9)
9%(SM3, SM9) H7kte] & HGE wol o4 xo]l& yetith. F7]9] e
A= AEE H7HSMI, SM3, SM9)ol 2O R 2 7|ax2 H7)
H A3 SM3wo] Mg e HAgE e ol s Ade AldusE e Ut
2 gmop =A7 g tig 7|5 x99 ﬁﬂﬂﬂ TAAR] TS v HAoE nJl

2

oo g e FEoA= Adus H7F 55 B2 A7 S7bel BAIgle] 340~
373 Wele] Aeg Hol 4 FI15 b 7oA Zol7t yEryA Skt A A<l
71 Ze QoAM= gz (C)e] 3.008.2 7MY v H4E B al, SM3to] 447
2 fo4om 7MY & As=E deith

ol el Aus FE BY, AduE EES 3% UM F71(SM3)e A3 =7t
ARt ow =4 B7HEAT o= Adus 559 el tig ARl gla, Al
Z %

-1 ’
e A 2EE o As) Pl o, A, AAAA JEE S| w5 A

X

1

FARLE PPN Qo Aduh

4

_46_

Collection @ chosun



Table 15. Sensory evaluation of cookies prepared with different levels of

Spergularia marina Griseb powder

Sensory Treatments”
evaluation C SM1 SM3 SM9
Color 3.13+0.242N5Y 3.53+0.27 3.87+0.26 3.87+0.34
Flovor 3.07+0.21" 3.67+0.19™ 4.27+0.18" 4.27+0.18"
Taste 3.00+0.22" 3.80+0.20° 4.53+0.22° 4.00+0.28°
Appearance 3.47+0.26™° 3.40+0.25 3.60+0.32 3.73+0.25
Texture 3.27+0.18" 3.27+0.28" 4.27+0.15" 4.27+0.21
TOtal C be a ab
it 3.00+0.22 3.53+0.27 4.47+0.24 3.93+0.25
acceptability

UTreatment : See the legend of Table 5.

YAll values are expressed as mean+SE of triplicate determinations.

NS : Not significant.

"Means in the same row not sharing a common letter are significantly different

(p<0.05) by Duncan’s multiple range test.
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