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ABSTRACT

Saccharina japonica (kelp), a marine species of brown algae, is an economical seaweed that has high nutritional value as
a source of minerals, vitamins, and dietary fibers. The purpose of this study was to evaluate the physicochemical characteristics
and antioxidant properties of grain nurungji enhanced with kelp (0, 2, 4, 6, 8, 10%) together with consumer acceptance test.
The kelp enhanced grain nurungji (Con, KN2, KN4, KN6, KN8, KN10), was prepared by heat-treating cooked rice at 215C
for 5 min. The reducing sugar contents of the nurungji were in the range of 5.45 to 6.75 G.E mg/g, and was inversely propor-
tional to the kelp content. The pH range of all the nurungji samples was between 6.44 to 6.48, and the B-glucan contents
showed a decreasing pattern from Con (4.26 g/100 g DW) to KN10 (3.94 g/100 g DW) in a concentration-dependent manner.
The content of total polyphenols and total flavonoids in the nurungji without kelp (Con) and with kelp (KN2, KN4, KN6, KNS,
KN10) had significantly increased as the kelp was added. The antioxidant activities of the nurungji, which were assessed using
2,2-diphenylpicrylhydrazyl (DPPH), 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), the ferric reducing antioxidant
power (FRAP), and reducing power assays, also increased as the kelp was added. The increase in the antioxidant activities of
nurungji might have been affected primarily by the increase in total polyphenols with increasing kelp concentration. The results
of the consumer acceptance test (n=128) demonstrated that the KN2 and Con samples had significantly higher scores on overall
acceptance, appearance, taste, aroma-by-mouth, texture, and after-taste acceptance. The purchase intent of KN2 and Con had
also showed similar patterns of overall acceptance. As a result of principal component analysis, KN2 showed a close relationship
with sensory characteristics such as taste, texture, overall, after-taste, and aroma-by-mouth acceptance, and with pruchsase intent.
Therefore, the proportion of kelp in the KN2 could be responsible for enhancing a positive criterion in producing rurungji.
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Table 1. Formulas for nurungji prepared with different amount of grains and kelp (Saccharina japonica)

Con" KN2 KN4 KN6 KNS KN10
Rice (g) 60 58 56 54 52 50
Brown rice (g) 10 10 10 10 10 10
Barley (g) 15 15 15 15 15 15
Oats (g) 15 15 15 15 15 15
Kelp (g) 0 2 4 6 8 10
Total (g) 100 100 100 100 100 100

Y Con: Grain nurungji with 0% kelp added.
KN2: Grain nurungji with 2% kelp added.
KN4: Grain nurungji with 4% kelp added.
KNG6: Grain nurungji with 6% kelp added.
KNS8: Grain nurungji with 8% kelp added.
KN10: Grain nurungji with 10% kelp added.

Rice Brown rice Barley Cat=z
Welghing Welghing
| |
Washing Washing
(30 sec, 5 timres) (30 sec. 5 times)
[ |
Draining Draining
(20 fimes, 30 sac) (20 times, 30 sec)
Soaking in water
(5 C. 1 hours)
Draining
(20 times, 30 sec)
[
Mixing

(Rice, Grain)
= Add Ssccharina japonics
‘ 0. 2. 4. 6 8 10%

Cooking
(L:14, 18 min)

10g

Roasting
(214%2 "C, 5 min)
|
HNurungji

Fig. 1. Procedure for the preparation of grain nurungji
enhanced with kelp (Saccharina japonica).

3|PH g ol g3t FASIATE pHeE A8 45 3 mL
£ A#H3sta, pH meter(S220, Mettler-Toledo, Greifensee,
Switzerland) & ©]83] SH3ATE A== AlRY A
200 pLE AF3ted AR =A(PAL-03S, ATAGO CO., Ltd.,
Tokyo, Japan)Z 7% 3} th

AAGZ=A(PAL-1, ATAGO Co., Ltd., Tokyo, Japan)Z =%
sta, gl e A8 TS Y4lEE]71(Combi
514R, Hanil Science Co., Ltd., Daejeon, Korea)E ©|-83l 4T,
4,000 rpmellA] SEZF YAlEEst] AMESElal, DNS(3,5-
dinitrosalicylic acid)H(Miller GL 1959)°] w2} UV Spectro-
meter(UV-1800, Shimadzu Corp, Tokyo, Japan)& ©]-&3}<]

540 nmollA FBEE S5t SHE = TS
A9l glucoesE AHEste] FFEJACRRE AT FFS
Alkataitt.

5. Mg, ZME A

Aee F22] B2 2 o¢& petri dish(35 x 10 mm)e] ¥
of 27 HX F AA}A(CR-10 Plus, Konica Minolita

Holdings, Inc, Tokyo, Japan)E ©|-&3}] L, a, b valueE =
Atk olu] Al-3 standard plate2] L value:® 93.3, a
valuet= —0.5, b value:= —3.5%Tth ZAEE A5 459
S YA E2]7](Combi 514R, Hanil Science Co., Ltd., Daejeon,
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Shimadzu Corp, Tokyo, Japan)E ©]-83l 420 nmol|AX &3=
£ 345kt
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Ltd., Wonju, Korea)E ©]-&3] 50TColA] 1083t ¥H-3-A1 At
GOPOD 3 mLE 373t 3 water bathE ©]&3}o] 50Tl
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9. DPPH Radical Scavenging Activity

DPPH radical scavenging activity:= Blois MS(1958)<] "
HE WYsted 5438191, 0.2 mM DPPHE A28 &, UV
Spectrophotometer(UV-1800, Shimadzu Corp, Tokyo, Japan)
£ o83t 517 nmollA FHF= ol 1.00] HE=F methyl

i)
[

g A 43

o
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10. ABTS Radical Scavenging Activity

ABTS(2,2’-azino-bis-3-ethylbenzothiazoline-6-sulphonic
acid) radical scavenging activity= Re R 5(1999)2] Hi<
HAgsle] 2431903, 7 mM ABTSSF 2.4 mM potassium
persulfate s & 3T T HAoA 12412F REEAIA
ABTS"' & &AAIZTE ©]& UV Spectrophotometer(UV-
1800, Shimadzu Corp, Tokyo, Japan)E ©]-83}] 735 nmol|
A F= kol 0.740.027} ¥ =2 PBSE 9 (NaCl 8.18 g,
KH,PO, 0.27 g, Na;HPO, 1.42 g, KCI 0.15 g/L, pH 7.4)0.
2 3AA A A" &4 1 mLe A8 A 100 LS
&3t & oA 3083E WX|Ske] UV Spectrophotometer
(UV-1800, Shimadzu Corp, Tokyo, Japan)E ©]-83ll 735 nm
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11. Ferric Reducing Antioxidant Power

Ferric Reducing Antioxidant powert Benzie IF & Strain
J1(1996)2] "ol Wl 0.2 M sodium acetate buffer$} 10
mM TPTZ, 20 mM ferric chloride hexahydrateE 10:1:1:1(%
F)e] vl& 2 &35le] FRAP working solutionS A 323}
1, AR A 37C(WCB-22, Daihan Scientific Co., Ltd.,
Wonju, Korea)oll4] 30&7F w+-&-A171 & A}&-3199t} o] &
a1 mLo} AlE 3E9 100 pLE St oA 30%
Zb W] 3 UV Spectrophotometer(UV-1800, Shimadzu
Corp, Tokyo, Japan)E ©]-&3l 595 nmolA SF =8 =73t
At EFEAZ TroloxE AHE-3ISITH

12. Reducing Power

Reducing power= Oyaizu M(1986)2] ol ule} 733}
993, pH meter(S220-K. Mettler Toledo International, Inc,
Seoul, Korea)E ©]-8-3}% 0.2 M sodium phosphate bufferZ
pH 6.6°] U =2 Az30tk AR A5 100 pLol 02 M
sodium phosphate buffer(pH 6.6) 300 pLE 7} & 1%
potassium ferricyanide 300 uLE %7}l 50C<] water bath
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Table 2. Physicochemical properties of grain nurungji enhanced with kelp (Saccharina japonica)
Con" KN2 KN4 KN6 KNS KN10

Moisture contents (%) 3.10+£0.03* 2.80+0.04° 2.74+0.02¢ 2.9240.01° 2.66+0.04° 2.67+0.02°
Ash contents (%) 0.77+0.03" 1.24+0.05° 1.85+0.02¢ 2.54+0.02° 3.07+0.04° 3.612£0.05°
Total SOIUbl(‘:Bi(;hd contents — 75:0.06' 0.90+0.00° 0.98+0.05¢ 1.2020.00° 1.3020.00° 1.60+0.00"
Reducing sugar (G.E.mg/g)  6.75+0.06" 5.65+0.05° 5.40+0.03° 5.54+0.02° 5.74+0.05° 5.45+0.03°
pH 6.44+0.02° 6.44+0.02° 6.47+0.02° 6.47+0.01° 6.48+0.02° 6.48+0.01°
Salinity (%) 0.00=0.00 0.02+0.00 0.05+0.00 0.08+0.00 0.13+0.00 0.18+0.00
Browning intensity 2.28+0.00° 2.33+0.01° 2.3240.01° 2.3440.01° 2.39+0.02° 2.48+0.02°
L* value 52.73+0.10° 52.83£0.05° 52.83+0.21° 52.35+0.10° 52.00+£0.14° 52.03+0.05°
a* value —0.65£0.06°  —0.58+0.05° —0.53+0.05° —0.53+0.05° —0.35+0.06 —0.200.00°
b* value 0.58+0.05" 1.55+0.06° 2.45+0.06" 3.03+0.05° 4.25+0.06 4.93+0.05"
B-Glucan (g/100 g) 4.36+0.04° 4.26+0.13" 4.24+0.20™ 4.11£0.07* 3.77+0.07¢ 3.94+0.12%

D Sample abbreviations are described in Table 1.

2 27T Values with different superscripts in the same row were significantly different by Duncan’s multiple range test (p<0.05).
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Table 3. Total polyphenols and total flavonoids contents
of grain nurungji enhanced with kelp (Saccharina japonica)

Total polyphenols Total flavonoids

Sample"”

P (mg GAE/g) (mg RE/g)
Con 3.36+0.02°? 1.33+0.01°
KN2 3.48+0.02¢ 1.48+0.02°
KN4 3.67+0.02¢ 1.58+0.01¢
KN6 3.69+0.05° 1.5240.01¢
KN8 3.79+0.04° 1.62+0.01°
KN10 4.15+0.04° 1.70+0.01°

D Sample abbreviations are described in Table 1.
2 2~ Values with different superscripts in the same column were
significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 2. Antioxidant activities of grain nurungji enhanced with kelp (Saccharina japonica).
The same letter means no statistically significant difference among the analyzed products at the level of significance p<0.05; abbreviations
used in the graph are described in Table 1.
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Fig. 3. Consumer acceptance (n=128) of grain nurungji enhanced with kelp (Saccharina japonica).
The same letter means no statistically significant difference among the analyzed products at the level of significance p<0.05; abbreviations
used in the graph are described in Table 1.
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Fig. 4. Analysis of the principal components of sensory characteristics with grain nurungji enhanced with kelp (Saccharina

japonica).

Con: grain nurungji with 0% kelp added, KN2: grain nurungji with 2% kelp added, KN4: grain nurungji with 4% kelp added, KNG6:
grain nurungji with 6% kelp added, KNS8: grain nurungji with 8% kelp added, KN10: grain nurungji with 10% kelp added.
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