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ABSTRACT

Studies on the Development of Functional Food
using Undaria pinnatifida and Laminaria japonica

Extract

Dong Chan Kim
Advisor : Prof. Wol-Suk Cha Ph.D.
Department of Chemical Engineering,

Graduate School of Chosun University

In this research, the hot water extraction process has been
adopted to extract functional food materials from U. pinnatifida and
L. japonica. Vitamins, amino acids, elements, antioxidant activity,
and nitrite scavenging activity of extract were investigated. Extract
was used to make bread and its nutritional compositions such as
amino acids and vitamins were measured. Vitamin E of U.
pinnatifida extract was similar to that of L. japonica extract.
However, vitamin C of L. japonica extract was 0.2 mg/100 g and

was about 2 folds higher than that of U. pinnatifida extract.

Total phenol contents were increased with the increase of U.
pinnatifida and L. japonica extract content. OPPH radical
scavenging activities of U. pinnatifida and L. japonica at 50 mg/mL

were 70.1 and 86.4%, respectively. The antioxidant activities of

= Vil -



extracts were stable from 80 to 120C and from pH 5.0 to 7.0.
However, the antioxidant activities of extracts was increased when
Cu®*, Co”, or Mn®* was used. The reducing powers of U.
pinnatifida and L. japonica at 100 mg/mL were 70.14, and 0.19 OD
700 nm, respectively. The nitrite scavenging activities of U.
pinnatifida and L. japonica extract were decreased with the increase
of pH. Especially, when the activities of U. pinnatifida and L.
japonica at 50 mg/mL (pH 1.2) were 81.6 and 90.4%, respectively.
The contents of vitamin E and K of functional bread manufactured
with powder (10%) of U. pinnatifida and L. japonica extract were

7.06 and 2.41 mg/100 g, respectively.

The contents of glutamic acid of bread made with powder (5%)
of U. pinnatifida and L. japonica extract was the highest, 1132.83
mg/100 g. Also, the The contents of total amino acids using
powder (5%) was the highest, 3755.53 mg/100 g. These results
showed that the hot water extract of U. pinnatifida and L. japonica

can be applied to functional food.

- viii -
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Table 1. Operation condition of autoanalyzer for amino acids analysis.

ltem Condition
Instrument Biochrom 20(Pharmacia Biotech)
Buffer solution sodium phosphate buffer(pH 7.0)
Reagent ninhydrine
Inj. volume 20 pl




ol

2. HIEt

AlZ 0.5 g1t ascorbic acid 0.1 g &€ HE=2 5 mLE FatH 80CUHA 1022t

3+
s
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mL2t 5 mL &2 O

ot ALt

HIA

ok

o)

i

ol
nO

Jioll &==38l1) rotary vacuum evaporator 3 mUIFKl 2
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Table 2. Operation condition of HPLC for vitamin analysis.

ltem Condition
Instrument Shimadzu SCL-10avp
Column Shim-pack GLC-0ODS (M) 25 cm
Eluent acetonitrile : isopropanol= 95 : 5
Flow rate 1 puL/min
[nj.volumn 10 uL
Detection retinol : SPD-10A (UV-VIS Detector 254 nm)

tocopherol: RF-10A (Spectrofluorometric
Detector) EX (290), EM (330) nm
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A= 0.5 gt 20% &4 10 mL & 60% HCIO, 3
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Table 3. Operation condition

minerals analysis.

of atomic absorption spectrophotometer for

ltem Condition

Instrument A4-6501GS (SHIMADZU)
Lamp Item Ca Fe K Mg Mn Cu Na Zn
Wave length
() 422.7 248.3 766.5 285.2 2795 324.8 330.2 213.9
nm
Current

10 12 10 8 10 6 10 8
(mA)
Slit Width

0.5 0.2 0.5 0.5 0.2 0.5 0.2 0.5
(nm)
Lighting BGC- BGC- BGC- BGC- BGC- BGC- Non- BGC-
Mode D2 D2 D2 D2 D2 D2 BGC D2
Burner
) 7 7 7 7 7 7 7
height (mm)
Fuel gas
Flow 20 22 20 18 20 1.8 18 20
(uL/min)

_12_



S Ciocalteu’s phenol Al2 (Sigma) 1 mL2}

of 3 22t =& otACt 12l NaxCOsz (35%) 1 mLE €1 &F=+ 10 mLE &

=S0F 2ANA BFEAIAH UV Visible spectrometers 0l
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Aot LCH

E_'
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acid2 0/&23td Z& ot L.

5. DPPH radical &~ Hs

At b a2 in vitro 24191 BliosEHES ™

o
0x
Jh

F

toll

S
20| A Aot CE. DPPH (1,1-diphenyl-2—-picryl-hydrazyl) 3 mg2 OHE=2 15

1.5 mLOl CtAl Ollgt= 3 mL2 DMSO 0.5 mLS &8 oL
o 50 uL%t M8t DPPH %= &8 ot:

mLOl =¢l SN

Jdelld Alg 100 ugE 1 mLoll = S

1022 A20lA BtSAIZI & 518 nmOlA EZEE STOIJALL AIZE &DII6HA
22 == HIWatH K2l ettlzr A (Free radical scavenging) &S
BHES2 LIEHWC

Free radical scavenging (%) = 100 — [(AIZ2&JIR9 EZSZ/HER9

EZ%)] X 100.

FSOI BTgte2 LHEHHALE.
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(@]
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10%) 200 uL &EII5IH 1022t &4

5k

Lo

(trichloroacetic acid,

uLoll  ferric  chloride  (0.1%) 500 uL &&old 700 nm

(control—ascorbic acid, BHAAIZ)
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0l & CAIDF 8+F=&=S 0I80ot HIEIRIA, B1, B2, B6, B12, C, D3, E,

4N

K1, Niacin, Pantothenic acid, Biotin, Folic acid, HIEt 28 &&= 24 GtRUL
4 Ze= Fig. 10l LIEFLHACEH Oef HIER SOIAM 019 24 ==20lAM HIEt
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B sE= 546.2 ug/100 gRCt. ddLt O 219 HIEE=2 &
= X RUCH CHAIOH €= =SS0IAM HIER! EQF C2 s&&= 22 0.31

mg/100 g% 0.21 mg/100 g2 = LIEHGLL
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Fig.1. Contents of vitamin E and C in hot water extract of U. pinnatifida and

L. japonica.
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Fig. 2. Contents of minerals in hot water extract of U. pinnatifida and L.

Jjaponica.
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019 & CHAIOHS E+F=22 Free Ot0I-4t 24 ZDt= Table 401 LIEF LK
019 @529 Rl ot0l=dt S0A ProOl 46.60 mg/100mLEZ JHE
XD 1 22 Glu (7.38 mg/100mL) > Asp (6.04 mg/100mL) > Val
(2.40 mg/100mL) > Leu (2.20 mg/100mL) > Met (1.50 mg/100mL) > GIn
(1.24 mg/100mL) =O0IRACt. CtAIOH =FES2 ZF2R= GluIdt 28.30 mg/100mL
2 Y =0 1 U822 Pro (15.90 mg/100mL) > Asp (12.80 mg/100mL) >
Ala (3.16 mg/100mL) > Leu (1.83 mg/100mL) > Val (1.58 mg/100mL) > Phe
(1.51 mg/100mL) > Trp (1.02 mg/100mL) =O0IRUCt. S5l 0¥ LEx====29
Pro2 CIAIOH ==20l dlol 2 3.081 It D CHAIOH €2F&=29 Glus 0l
o A4 =0 Hioh 3.980 SOt otACH Deflt 019 L THAIOHS ExF&=29
c

| OOl &2 22+ 73.03 mg/100mL 2F 69.24 mg/100mLE H2J
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Table 4. Contents of free amino acids in hot water extract of U. pinnatifida

and L. japonica.

Free amino U. pinnatifida extract L. japonica extract
acids (mg/100mL) (mg/100mL)
Asp 6.04 12.80
Glu 7.39 28.3
Asn - -
Ser - 0.60
Gin 1.25 -
Gly 0.86 0.67
His - -
Arg - -
Thr - -
Ala 0.20 3.16
Pro 46.60 15.90
Tyr 0.70 0.62
Val 2.40 1.58
Met 1.50 0.32
Cys 0.20 0.09
lle 0.90 0.84
Leu 2.20 1.83
Phe 2.00 1.51
Trp 0.80 1.02
Lys - -
Total 73.03 69.24
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AOtS === 24 Ot0I4 24 2= Table 5001 LIER LK
”ALCL 019 E=F=22 74 004 S0 Gludb 20.69 mg/100mLEZ JHE
=1 1 U322 Ala (16.95 mg/100mL)> Val (16.12 mg/100mL)> Leu (14.56
100mL)> Gly (12.93 mg/100mL)> Pro (10.98 mg/100mL) =0l 1D 1 2
OtOI=4F2 10 mg/100mL OIGHRACH CHAIOH E+F==22 Z2&= Gludt (60.12
mg/100mL)2 Jt&E 21 Ala (15.65 mg/100mL)> Asp (12.95 mg/100mL)> Gly
(10.07 mg/100mL)> Leu (8.64 mg/100mL)> Ser (8.82 mg/100mL)> lie (6.56
mg/100mL) =O0IUACt 53l CtAIDE E=F=E22 Glu s&= 019 S=FSE0
H1 oH ; £9
==l 2+2+ 147.89 mg/100mL 2 167.64 mg/100mL SiC.
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Table 5. Contents of total amino acids in hot water extract of U. pinnatifida

and L. japonica.

Total amino U. pinnatifida extract L. japonica extract
acids (mg/100mL) (mg/100mL)
Asp 5.85 12.95
Glu 20.69 60.12
Ser 8.58 8.82
Gly 12.93 10.07
His 2.32 1.97
Arg 2.16 2.96
Thr 7.76 7.92
Ala 16.95 15.65
Pro 10.98 8.45
Tyr 2.78 2.77
Val 16.12 9.82
Met 4.42 2.74
Cys 0.09 1.08
lle 9.65 6.56
Leu 14.56 8.64
Phe 6.99 4.48
Trp 1.54 1.21
Lys 3.52 1.43
Total 147.89 167.64
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Fig. 3. Contents of total phenol in hot water extract of U. pinnatifida and L.

Jjaponica.
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Fig.4. Effect of extract concentration of hot water extract of U. pinnatifida

and L. japonica on DPPH radical scavenging activity.
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Fig. 5. Effect of pH of hot water extract of U. pinnatifida and L. japonica

on antioxidant activity.
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Fig. 6. Effect of temperature of hot water extract of U. pinnatifida and L.

Jjaponica on antioxidant activity.
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Il -3 -9. =5 0l=2 % EDTAON st &

019 & CHAIOH €#=F== 50 mg/mLS 0I&0tH =020 e &=
=3JotJ| <ol zZn, EDTA, KCI, NaCl, CuClz, CoClp, CaCls, SrCly, HgCle, FeCls,
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2let 20l AXOZ 240/ ZII6IUCH 1 0129 252 |X
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Fig. 7. Effect of metals of hot water extract of U. pinnatifida and L. japonica

on the antioxidant activity.
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Fig. 8. Effect of extract concentration of hot water extract of U. pinnatifida

and L. japonica on reducing power.
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| — 3 — 11. Superoxide dismutase SAEA

statgl &4 F6HLER! Superoxide dismytase (SOD)= MIZ0 oHE2=2
E2 Mgl A2 JMEAI|= BI82 =0 ol &40ICH SODE 30
O EXAHZE It YA SHZ MUH HH S+=ZHA =5t MU=
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Fig. 9. Effect of extract concentration of hot water extract of U. pinnatifida

and L. japonica on superoxide dismutase activity.
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Fig. 10. Effect of pH of hot water extract of U. pinnatifida and L.

Jjaponica on nitrite scavenging activity.
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Fig. 11. Effect of extract concentration of hot water extract of U.

pinnatifida and L. japonica on nitrite scavenging activity.
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Jlsd %= HzXob)l g #itE=2 019, GANS +===8 = dry oven

(C-DF336, CHANG SHIN PRECISION MACHINE, Korea)OlA 60C, 24AI2t

HAXs & 2MI| [51BL31 (7011), Waring Products Division Torrington. CT.,
U.S.A ]2 IOIMe = 100 mesh M2 HE =22s Jlsd FHIb H2=2

>

o
o
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-2 -2, 8529 H=x
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Table 6. Ingredient and content of bread baking.

Ingredient Content (%)
Flour 100.0
Water 62.0
Yeast 2.5
Yeast food 0.2
Sugar 4.0
Shortening 3.0
Milk powder 2.0
Salt 2.0

_48_



K0

Ll
30
w

ok

t

FEH DE X

2y

8 MHEE FIHoto

et

M2l

=
LELS

S|
=

K

ek

=T 0 M glutenOl &

06

0
]

o)

914l ot ALt
s 75%2

& WX

H
IS

0l

=<
zZ=
=

I

=]
—

3
o

10l A

=}

gt
=

3HeZ HO

oUsT 85%, 37T

ni

TiiD

1
20
loF
o)

750
70

Ol
0
o

or

Ol 30-35

=

[—

|.

ottt 210C2 2

190°C,

t

C
=

I.

A
(=}

13).

FACH (Fig.

1o
KO
IH

_49_



-2 -4. 24 M=

ME= Jlsd wsS =24I1[518L31 (7011), Waring Products Division
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Dough mixing

W
1=t fermentation

271°C,75% RH.
Dividing of dough

180 g

Bench time

10 min, room temp.
Make up

W

22d fermentation

37+1°C, 85% R.H.
z Baking
' 190~210°C, 30~35 min

L 4

— Cooling

2 hrs. room temp.

Fig. 12. Bread baking process by the straight dough method.
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Fig. 13. The prototype of functional bread.
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Table 7. Contents of elements of functional bread.

Content (mg/100g)

Element
0% 5% 10%
Mn 0.31 0.49 0.67
Cu 0.09 0.20 0.17
K 144.69 182.85 194.31
Na 336.36 337.90 286.82
Mg 18.45 26.02 26.51
Ca 16.36 19.42 23.19
Fe 0.87 1.13 1.51
Zn 0.92 0.90 0.96
P 102.15 113.26 115.25
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Table 8. Contents of vitamins of functional bread

Content (mg/100g)

Vitamin 0% - 0%
A 0.04 0.02 0.02
6.71 6.58 7.06
D 0.04 0.05 0.09
Kj N.D. N.D. 2.41
B; 0.61 0.61 0.89
B> 0.30 0.30 0.34
Bs 0.39 0.07 1.72
Bi2 N.D. N.D. 0.03
C 0.11 N.D. N.D.
Pantothenic acid 0.09 0.02 0.09
Folic acid N.D. N.D. N.D.
Biotin 0.84 0.71 0.69
Niacin 1.52 1.51 2.64

N.D." mean not detected.
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Table 9. Contents of amino acids of functional bread.

Content (mg/100 @)

Amino acid
0% 5% 10%
Aspartic acid 99.82 154.54 101.21
Glutamic acid 690.24 1,132.83 734.25
Serine 145.12 236.42 176.01
Glutamine N.D. N.D. N.D.
Glycine 112.12 177.24 133.19
Histidine 133.20 101.17 91.86
Arginine 59.87 87.14 103.72
Threonine 92.45 157.51 107.31
Alanine 92.27 141.12 129.82
Proline 386.36 134.23 540.23
Tyrosine 14.26 12.13 82.92
Valine 126.51 194.12 209.47
Methionine 17.21 2.92 79.91
Isoleucine 115.62 168.12 190.21
Leucine 189.91 264.19 342.19
Phenylalanine 116.34 1562.16 230.67
Tryptophan 3.17 6.19 6.51
Lysine 83.67 43.96 62.12
Total 2,466.61 3,755.53 3,310.47

N.D." mean not detected.
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Table 10. Effect of functional bread on taste.

Content (%) Taste
0 Like
Like
10 Like
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