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ABSTRACT

Antioxidant Activity and Quality Characteristics
of Yanggaeng Added with

Molokhia(Corchorus olitorius 1..) Powder

Han Su-Bong
Advisor : Prof. Lee Jae—Joon, Ph. D.
Major in Nutrition Education

Graduate School of Education, Chosun University

The main objective of this study was to prepare Yanggaeng added with
molokhia powder as a functional food and to evaluate physicochemical
properties, antioxidative activities, and quality characteristics. In addition,
physicochemical properties and antioxidative activities for molokhia powder
was investigated. Functional Yanggaeng was prepared with different ratio of
molokhia powder (1, 3, 5, and 7%). The control group in the absence of
molokhia powder was also prepared.

Antioxidative activities of molokhia powder was examined using ethanol
extract of molokhia powder. Results indicated that total polyphenol and total
flavonoid contents of molokhia powder were 181.91+1.16 mg GAE/g and
23.91£0.31 mg QE/g, respectively. In addition, the results of DPPH radical
and ABTS radical scavenging activity of ethanol extract of molokhia powder
indicated that with increasing ethanol extract of molokhia powder contents
(125, 250, 500, and 1,000 pg/ml), the scavenging activity was increased

with the increase of their contents. From the results of physicochemical

- viii -
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properties, we verified that water content and pH were 5.071£2.56% and
6.21£0.09, respectively. In addition, the results of colorimetric characteristic
indicated that L-value, a-value, and b-value were 29.06£0.07, —2.89+0.03,
and 14.25%0.06, respectively.

Antioxidative activities of Yanggaeng added with molokhia powder was
investigated using ethanol extract of Yanggaeng added with molokhia
powder. Results indicated that total polyphenol and flavonoid contents was
increased with the increase of molokhia powder contents. The results of
DPPH radical and ABTS radical scavenging activity of Yanggaeng added
with molokhia powder indicated that the scavenging activity was increased
with increasing molokhia powder contents.

Quality characteristics was evaluated by comparison between control and
added group. Result of water content indicated that the water content of
control group was 49.80+1.08%, and the water content of added group was
within the range of 48.07£1.21~49.52+0.45%. From the results, it could be
confirmed there was no statistical significance between control and added
group. In addition, pH value of Yanggaeng added with molokhia powder
tended to decrease with increasing the addition of molokhia powder
contents. Brix of Yanggaeng added with molokhia powder was highest at
4.10£0.10°Brix for Yanggaeng with the addition of 1% molokhia powder,
and control group was 3.80x0.10°Brix, resulting the lowest value. Brix of
Yanggaeng with the addition of 3, 5, and 7% molokhia powder was not
difference in large value, but the degree of brix value was increased
slightly with increasing molokhia powder content. From the results of
colorimetric characteristic, it could be confirmed that the L-value decreased

significantly with the increase of molokhia powder content. The a-value

_ix_
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was the lowest value (-1.49+0.08) for Yanggaeng with the addition of 1%
molokhia powder, and it was found to increase significantly in the other
groups (0, 3, 5, and 7%). In addition, the b-value showed the lowest value
(3.81£0.18) for control group, and it was found to decrease significantly in
added groups. Results of texture analysis indicated that with the increase
of molokhia powder content, hardness, cohesiveness, fracturability, and
chewiness increased, whereas adhesiveness and springiness decreased.
Considering the above results, molokhia has an antioxidant effect due to
contain various biologically active substance. In addition, Yanggaeng added
with molokhia powder shows antioxidant activity because biologically active
substance of molokhia are stably maintained during the process of
preparation of Yanggaeng by adding molokhia powder. Therefore, it can be
suggested that Yanggaeng added with molokhia powder is a possibility of

application of a functional food.

Key words: Molokhia, Corchorus olitorius L., Yanggaeng, antioxidant activity,

quality characteristic
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Al 2% AY Az R B

A 12 E27)ot g FEEY A a9 SA
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5. TAAE

HoAeS Esle] dojzxl Aypi= SPSS 17.0 P/C package(Statistical Package
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A 28 227)o} B osiety 54
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Table 1. Formular of Yanggaeng added with different levels of Molokhia

(Corchorus olitorius L.) powder

Samples?
Ingredients (g)

MO M1 M3 M5 M7

Water 200 200 200 200 200
White bean paste 300 297 291 285 279
Sugar 50 50 50 50 50
Oligosaccharide 60 60 60 60 60
Agar 6 6 6 6 6
Molokhia powder 0 3 9 15 21

UMO: Control(Yanggaeng supplemented with 0% molokhia powder).
M1: Yanggaeng supplemented with 1% molokhia powder.
M3: Yanggaeng supplemented with 3% molokhia powder.
Mb5: Yanggaeng supplemented with 5% molokhia powder.
M7: Yanggaeng supplemented with 7% molokhia powder.
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Water, White bean paste,

Water, Agar . .
Oligosaccharide, Sugar

Heating in a
double boiler at =
70C for 2~3 min

< Melting in a
double boiler at 60C

Adding
Molokhia powder

Stirring and melting =

i

Mixing

J & Stirring at 70T

Molding

Cooling

Yanggaeng

Fig. 1. Procedure for Yanggaeng products added with different levels of
Molokhia(Corchorus olitorius L.) powder
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Table 2. Total polyphenol and total flavonoid contents of Molokhia(Corchorus
olitorius L.) powder extract

Molokhia powder extract

Total polyphenol

181.91+1.16”
(mg GAEY/g)

Total flavonoid

. 23.91x0.31
(mg QE?/g)

DGallic acid equivalent.
?Quercetin equivalent.

YAl values are expressed as mean£SE of triplicate determinations.
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Fig. 2. Total polyphenol and total flavonoid contents of Molokhia(Corchorus
olitorius L.) powder extract
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2. DPPH radical &A%

7)o} Bt o ghe FZEEo] g DPPH radical ~74%¢ A3 Table 3,
Fig. 3 ¥ Fig. 40 YeERRATE
E27)o} B oe& FEFES DPPH radical &A%< 125 pg/mLollA
7.3940.80%, 250 pg/mLolA 11.42+1.84%, 500 pg/mLollA 23.43+0.26%,
1,000 pg/mLellA] 48.29£1.03%°] 2A%S R EZ7|of &8 ogts F55E9
% DPPH radical 245 % =4 YESTE ol HeEwe o
w3 Fakst a343)e] digh AgelA HEle FEEO TR SV wet
DPPH radical &7%5o] T7lelolthks Baiel Al 2¥g wBolrh g 27
o} Bt oeke &% DPPH radical 2759l 3t ICs a2 1045.15 pg/mL=

+

Uelstth, EZ7)oF B oete 559 DPPH radical 24%S Blaslr] 9319
AN Uz 1,000 ng/ml =049 DPPH radical 7% H3s 34
gaksbA) el BHA(butylated hydroxyanisole)®t BHT(butylated hydroxytoluene),
AgArEA Q1 ascorbic acid®] DPPH radical A~7A%°] Z+7 77.26+10.31%,
78.52+0.24%, 86.97+0.00%5 YEI ==Z7]o} + oets FEE9 2AFT 2
Q1 48.29£1.03% 9 Hlulste] -3k Ao =2 LERRLT
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Table 3. DPPH radical scavenging activity of Molokhia(Corchorus

olitorius L.) powder extract

Concentration DPPH radical ICso"

(pg/mL) scavenging activity (%) (ng/mL)
125 7.39£0.807
Molokhia powder 250 11.42+1.84°

extract 500 23.43+0.26" 1045.15
1000 48.29+1.03%
BHA? 1000 77.26+0.31°
BHT? 1000 78.52%0.24"
Ascorbic acid 1000 86.97+0.00"

VICs0: Concentration required to reduce 50% of DPPH radical scavenging
activity.

YBHA: butylated hydroxyanisole, BHT: butylated hydroxytoluene.

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

Ya-d Means with the different letters within the same column differ
significantly at p<0.05 by Duncan’s multiple range test.

YValues with different letters at the same concentration differ significantly

at p<0.05 by Duncan’s multiple range test.
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Fig. 3. DPPH radical scavenging activity of Molokhia(Corchorus olitorius L.)
powder extract

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 4. Comparison of DPPH radical scavenging activity of Molokhia
(Corchorus olitorius L.) powder extract and antioxidant materials

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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3. ABTS radical &A%

27)o} B oets FEFEo| th3k ABTS radical 27% ¢ Z3= Table 4,
Fig. 5, Fig. 69 #|A|3}c}.
E27)ol BE oee FEES ABTS radical &A% 125 pg/mLollA
29.9342.10%, 250 pg/mLolA 45.88+1.16%, 500 pg/mLolAd 59.61+1.95%,
1,000 pg/mLelA 94.26+0.13%2) 2715 o] DPPH radical 273 w37}
A2 B27)o} B et FE5E F27t ¥S4= ABTS radical 2AGSE ¥
A drebskth g EE7)of i o ghE FEES ABTS radical &750l o
ICso %2 363.20 pg/mLZ Yelgth E27]of BT oetd 559 ABTS
radical 27A%< vlasty] 9ste] AA e Fdiiz7 1,000 pg/mL =
Aol ABTS radical &7 Hlue @4 34kstAll BHA, BHTSF HAE4tshA|
Ql ascorbic acid®] ABTS radical &~27s°] 77} 95.41+£0.13%, 96.00+0.07%,
95.37£0.07%% YEh] Bz27)o} BT des FEE A7% 94.26+0.13%9}
FAE A9E BolTh
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Table 4. ABTS radical scavenging activity of Molokhia(Corchorus

olitorius L.) powder extract

Concentration ABTS radical ICs0"

(pg/mL) scavening activity (%) (ug/mL)
125 29.93+2.107%

Molokhia powder 250 45.88+1.16° 363,20
extract 500 59.61£1.95"
1000 94.26+0.13*”
BHA? 1000 95.41+0.13*
BHT? 1000 96.00£0.07*
Ascorbic acid 1000 95.37+£0.07*

VICso: Concentration required to reduce 50% of ABTS radical scavenging

activity.

2)BHA: butylated hydroxyanisole, BHT: butylated hydroxytoluene.

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

Ya-d Means with the different

letters within the same column differ

significantly at p<0.05 by Duncan’s multiple range test.

®Values with different letters at the same concentration differ significantly

at p<0.05 by Duncan’s multiple range test.
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Fig. 5. ABTS radical scavenging activity of Molokhia(Corchorus olitorius L.)
powder extract

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 6. Comparison of ABTS radical scavenging activity of Molokhia
(Corchorus olitorius L.) powder extract and antioxidant materials

Bars with different letters differ significantly among groups at p<0.05 by
Duncan’s multiple range test.
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Table 5. Moisture content of Molokhia(Corchorus olitorius L.) powder

Molokhia powder

Moisture content (%) 5.07+2.56"Y

DAl values are expressed as meanxSE of triplicate determinations.

Table 6. pH of Molokhia(Corchorus olitorius L.) powder

Molokhia powder

pH 6.21+0.09"

DAl values are expressed as meanxSE of triplicate determinations.
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2. N

%7 A¥= Table 7¢l AA AT

2270} pake] Aw 27
WS ou|dl= Lik(Lightness)< 29.06+£0.07, AN =S YeElW = azh(Redness)
2 -2.89£0.03, M EE YERNE bik(Yellowness) 14.25£0.062.2 F74
ATt
Table 7. Color values of Molokhia(Corchorus olitorius L.) powder
Color values?
Item
L a b
Molokhia powder 29.06+0.07% -2.89%+0.03 14.25+0.06

DL lightness; a: redness; b: yellowness.
PAll values are expressed as mean£SE of triplicate determinations.
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1. BE27]o} %4739 % polyphenol &% % F flavonoid TF
Gejste] Axd B2slor PR T Belus o

F ZgR ot g3S 543 A= Table 8, Fig. 7, Fig. 8 AA18th
= , x2S 132.54+1.83 mg GAE/go = 714
Frgol wokom, ER27]of &2 HIF HlEo] 1, 3, 5, %%l ¥ F Z¢
e e SR 149.25+43.15 mg GAE/g, 168.81+4.39 mg GAE/g,
189.76+1.62 mg GAE/g, 193.84+2.95 mg GAE/g?] #S Ho] E=E7]o} F29]
A

A7k ulge] F484% F FelhlE @E fOH0R I Ao®

_Il}l'
O_I./

o= & A Ads xRl 0.231£0.16 mg QE/goZ 7H3
, E27of e HUE " &o] 1, 3, 5, 7% ¥ F Zd
Hr-ol= ekl AR 155440.94 mg QE/g, 30.77+0.41 mg QE/g,
59.41£1.10 mg QE/g, 81.40£1.34 mg QE/g9] #& Ho F ZovE ¢z =
4 Azt FAbeHl, & EEtR o= e mek ZEyjol Bo] MU ujgo] &
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Table 8. Total polyphenol and total flavonoid contents of Yanggaeng added
with different levels of Molokhia(Corchorus olitorius L.) powder

Total polyphenol Total flavonoid

(mg GAE?/g) (mg QE¥/g)

MOV 132.54+1.83V% 0.23%0.16°
M1 149.25+3.15° 15.5440.94¢
M3 168.81£4.39" 30.77+0.41°¢
M5 189.76+1.62° 59.41£1.10°
M7 193.84£2.95° 81.40+1.34°
F-value 234.97 3991.82™

VAll abbreviations are the same as Table 1.

PGallic acid equivalent.

YQuercetin equivalent.

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

Values with different superscripts in the same column differ significantly

among groups at p<0.05 by Duncan’s multiple range test.
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Fig. 7. Total polyphenol contents of Yanggaeng added with different levels

of Molokhia(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 8. Total flavonoid contents of Yanggaeng added with different levels of
Molokhia(Corchorus olitorius L.) powder
Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Table 9. DPPH and ABTS radical scavenging activity of Yanggaeng added
with different levels of Molokhia(Corchorus olitorius L.) powder

DPPH radical ABTS radical
scavenging activity (%) scavenging activity (%)
MOV 1.73+0.912< 6.86+0.91°
M1 8.2010.94° 16.76+0.79¢
M3 10.2941.38° 28.84+1.75°
Mb 15.10x0.57* 40.39+2.01°
M7 16.10+0.79° 47.54+1.78%
F-value 110.66™ 354.85™"

DAl abbreviations are the same as Table 1.
2All values are expressed as mean£SE of triplicate determinations.
SValues with different superscripts in the same column differ significantly

among groups at p<0.05 by Duncan’s multiple range test.

_34_

Collection @ chosun



18

16 1

10

DPPH Radical Scavenging Activity (%)

e

—— o

1

e}

1

3

5 7

Molokhia Powder Contents (%)

Fig. 9. DPPH radical scavenging activity of Yanggaeng added with different
levels of Molokhia(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 10. ABTS radical scavenging activity of Yanggaeng added with different
levels of Molokhia(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Table 10. Water content of Yanggaeng added with different levels of
Molokhia(Corchorus olitorius L.) powder

MOV M1 M3 M5 M7

Water

49.80+1.089N%  48.07+£1.21 48.09+1.35 49.52+0.45 49.274+0.24
content(%)

DAIl abbreviations are the same as Table 1.
2All values are expressed as mean£SE of triplicate determinations.

9NS: not significantly different among groups.

Table 11. pH of Yanggaeng added with different levels of Molokhia(Corchorus
olitorius L.) powder

MOV M1 M3 M5 M7

pH 6.58+0.022%%  6.51+0.04"  6.44+0.01° 6.40£0.02°  6.36+0.02¢

VAll abbreviations are the same as Table 1.
2All values are expressed as meanxSE of triplicate determinations.
YValues with different superscripts in the same row differ significantly among

groups at p<0.05 by Duncan’s multiple range test.

Table 12. Brix of Yanggaeng added with different levels of Molokhia(Corchorus
olitorius L.) powder

MOV M1 M3 M5 M7

°Brix  3.80£0.10”"  4.10+0.10° 3.87+0.06" 3.87£0.12° 3.97+0.06®

DAl abbreviations are the same as Table 1.
2All values are expressed as mean£SE of triplicate determinations.
YValues with different superscripts in the same row differ significantly among

groups at p<0.05 by Duncan’s multiple range test.

_39_

Collection @ chosun



52

50

——

: [
§ 487 J J
=
(=]
o
5 467
©
2
A4 —
42 1

0 1 3 5 7

Molokhia Powder Contents (%)

Fig. 11. Water content of Yanggaeng added with different levels of
Molokhia(Corchorus olitorius L.) powder

NS: not significantly different among groups.
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Fig. 12. pH of Yanggaeng added with different levels of Molokhia
(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 13. Brix of Yanggaeng added with different levels of Molokhia
(Corchorus olitorius L.) powder
Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Table 13. Colorimetric characteristic of Yanggaeng added with different
levels of Molokhia(Corchorus olitorius L.) powder

L* a b
MOP 50.43+1.19%%% -1.1140.08¢ 3.8140.18¢
M1 30.72+0.15" -1.49+0.08¢ 9.58+0.19°
M3 27.31£0.87¢ -0.31£0.03¢ 8.91+0.08"
M5 22.07£0.14¢ 0.81£0.03° 7.42+0.15°
M7 19.18+0.30¢ 1.5140.31° 3.97+0.31¢
F-value 991.354"* 221.631" 576.309"

VAIl abbreviations are the same as Table 1.

PAll values are expressed as mean®SE of triplicate determinations.

YValues with different superscripts in the same column differ significantly
among groups at p<0.05 by Duncan’s multiple range test.

“L: lightness; a: redness; b: yellowness.

M1 M3 Mb5 M7

Fig. 14. Color appearance of Yanggaeng added with different levels of

Mol)

Color

Molokhia(Corchorus olitorius L.) powder

DAl abbreviations are the same as Table 1.
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Fig. 15. Colorimetric characteristic of Yanggaeng added with different levels

of Molokhia(Corchorus olitorius L.) powder
Dots with different letters on the same line differ significantly among groups

at p<0.05 by Duncan’s multiple range test.
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Fig. 16. Lightness of Yanggaeng added with different levels of Molokhia

(Corchorus olitorius L.) powder
Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 17. Redness of Yanggaeng added with different levels of Molokhia
(Corchorus olitorius L.) powder
Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 18. Yellowness of Yanggaeng added with different levels of Molokhia
(Corchorus olitorius L.) powder
Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Table 14. Texture analysis of Yanggaeng added with different levels of
Molokhia(Corchorus olitorius L.) powder

Texture
1
; MOV M1 M3 M5 M7 F-value
parameters
Hardness ~ 2)c3 P P P b P b ~ ’ - P
(&/cm?) 279.69421.187<9 288.02+17.52° 352.38+30.28 378.78+29.10 441.64%20.00° 38.538
g/cm’
Adhe?g’)e“e“ -26.99+4.30° -36.43+7.11° -57.46+7.23" -69.53+4.47° -80.20+7.38¢ 63.151°
Springiness . o fqa 2 EQ42 foa 5 pab N ~ b 91 9949 15C . .
) 56.17+2.61° 53.59+3.62° 44.49+2.63 44.86+1.67 21.3242.15 137.861
b
Cohesiveness , N . . ocb b na o 4
) 15.35+1.52¢ 15.06+2.27¢ 21.90+5.35 22.54+1.41 39.62+4.54° 42.550
b
Frmk‘g‘bﬂ”y 769.46+49.02¢ 921.53+43.40 1053.58+98.11¢  1741.71£146.84"  6686.51+£279.71°  1392.100""
Chewiness . + ond . < aob . b
@ 33.51+6.36 57.0045.87° 79.76+6.93 90.68+9.52
g

142.76+22.89°

57.114™

DAl abbreviations are the same as Table 1.

PAll values are expressed as mean£SE of triplicate determinations

YValues with different superscripts in the same row differ significantly among

groups at p<0.05 by Duncan’s multiple range test.
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Fig. 19. Hardness of Yanggaeng added with different levels of Molokhia

(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 20. Adhesiveness of Yanggaeng added with different levels of Molokhia

(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 21. Springiness of Yanggaeng added with different levels of Molokhia
(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by
Duncan’s multiple range test.
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Fig. 22. Cohesiveness of Yanggaeng added with different levels of Molokhia
(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by
Duncan’s multiple range test.
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Fig. 23. Fracturability of Yanggaeng added with different levels of Molokhia
(Corchorus olitorius L.) powder
Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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Fig. 24. Chewiness of Yanggaeng added with different levels of Molokhia
(Corchorus olitorius L.) powder

Bars with different letters differ significantly among groups at p<0.05 by

Duncan’s multiple range test.
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