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Quality Characteristics of Chocolate with Added Hot Water Extracts
of Undaria pinnatifida Sporophylls under Gamma Irradiation

Da-Mi Kim, Kyoung-Hee Kim, and Hong-Sun Yook

Dept. of Food and Nutrition, Chungnam National University, Daejeon 305-764, Korea

Abstract

The objectives of this study were to find the optimal mixing conditions and evaluate the antioxidant activity
of chocolate with both non-irradiated and gamma-irradiated (50 kGy) hot water extracts from Undaria pinnatifi-
da sporophylls (WEUS) at weight percentages of 0, 1, 3, and 5%. The moisture content of the WEUS chocolate
was significantly higher than that of the control. On the other hand, the pH of chocolate had a tendency to
decrease with the addition of WEUS, but there were no significant differences between non—irradiated and gam-
ma-irradiated samples of the same concentrations. The lightness (L) value and yellowness (b) value decreased
significantly with the addition of WEUS powder. However, the redness (a) value increased as the concentration
increased. The hardness increased on the addition of WEUS powder, and gamma-irradiated chocolates were
higher than non-irradiated chocolates. As the amount of WEUS powder increased, DPPH radical scavenging
activity and total polyphenol content increased. The DPPH radical scavenging activity of gamma-irradiated
groups was also higher than that of non-irradiated groups. The aroma, taste, sweetness, and overall acceptability
of chocolate were significantly higher in the chocolate containing 1% WEUS powder. These results indicate
that gamma-irradiated 1% WEUS chocolate was optimal.
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of A2(22+1°C)A Al 10 kGye] AHFHEZ 50 kGy <l
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Table 1. Formulation of chocolate added with hot water extracts powder from Undaria pinnatifida sporophyll

Control (%)

WEUS" by non irradiation (%)

WEUS by gamma irradiation (%)

Samples

0 1 5 1 3 5
WEUS 0 1 5 1 3 5
Dark chocolate (shell) 50 50 50 50 50 50
White chocolate (inner) 40 39 35 39 37 35
Fresh cream 10 10 10 10 10 10
Total 100 100 100 100 100 100

YWEUS means powder with hot water extract of Undaria pinnatifida sporophyll.



e ZAY v D A(Undaria pinnatifida Sporophyll) €

Nippon Denshoku, Tokyo, Japan)®Z =733l Lik(lig-
htness), aZk(redness), b¥k(yvellowness) 2.2 YERHA T} o]
W ¥ WA L oa, b S 97.13, -0.23, 0.46°] AT}

4

\I

0

=
Az 2F8 o] FE+ texture analyzer(TA-XT2, SMS,
Surrey, England)2 Z3stgom, zt A+ H=2 103 vt
3l 24 3o Ha@d 2THAE YR ATt Inner
2 29 BAF7} H71E ganacheS 2x2x1 cmE #& &
dH-S AEEINES W) P o)X= force distance curveZF-E]
Al 8 9] T.P.A(texture profile analysis)S AFEE 43}
o 2 ARZHE 7 A5 AEE HEIAT 8419
%712 option TA, pre test speed 2.0 mm/sec, test Speed
1.0 mm/sec, post test speed 2.0 mm/sec, 4= A] HE
(stain)& 70% =2 A 7o) 2 mme ¢Frgw 9459 probe P2
£ AFste FA4A

ofe Opt

¥ =3t2e Folin-Ciocalteu ol F3}a] =43ttt
(18). %<9 50 mg/mLE w¥H(150 rpm, 2 hr, 25°C) ¥
A A2 (3000 rpm, 10 min) g+ 45 H o]} EFE A (gallic
acid: Sigma Chemical Co., St. Louis, MO, USA) 0.2 mLel
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Table 2. The moisture content of chocolate added with hot water extracts powder contents from Undaria pinnatifida sporophyll

Control (%)

WEUS" by non irradiation (%)

WEUS by gamma irradiation (%)

Samples 0 1

5 1 3 5

Moisture content (%) 11.91+1.72”*¥

13.97£0.69" 14.62+0.83" 15.24+0.22

13.924£0.23" 14.94£0.12" 14.54+0.36"

DWEUS means powder with hot water extract of Undaria pinnatifida sporophyll.

“Mean+SD (n=3).

YDifferent letters (a,b) within a same row differ significantly (p<0.05).



106 Arhvl - 78 -

Table 3. The pH of chocolate added with hot water extracts powder from Undaria pinnatifida sporophyll

Control (%)

WEUS" by non irradiation (%)

WEUS by gamma irradiation (%)

Samples 0 1 3

5 1 3 5

pH 6.87+0.027% 6.83+0.01°

6.77+£0.01°

6.67+0.02° 6.85+0.02"  6.78+0.02° 6.64+0.03°

UWEUS means powder with hot water extract of Undaria pinnatifida sporophyll.

“Mean+SD (n=5).

YDifferent letters (a-d) within a same row differ significantly (p<0.05).
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Table 4. Hunter's color values of chocolate added with hot water extracts powder from Undaria pinnatifida sporophyll

Control (%)

WEUS by non irradiation (%)

WEUS by gamma irradiation (%)

Color values

0 1 3 5 1 3 5
L (lightness) 73.80+0.417%  6746+0.15° 60.24+0.21° 54.2140.39° 68.15+0.60° 61.39+0.44% 56.28+0.15
a (redness) -4.16+0.43% -363+0.07 -251£0.19° -2.04%0.11° -15240.42° -0.33+0.11"  0.83£0.13"
b (vellowness) 20.24 42,25 20.31+£3.23" 19.78+0.49" 19.35+0.08° 20.09+£0.52" 19.89+0.25" 19.84+0.10

DWEUS means powder with hot water extract of Undaria pinnatifida sporophyll.

“Mean+SD (n=10).

YDifferent letters (a-g) within a same row differ significantly (p<0.05).

Table 5. Hardness of chocolate added with hot water extracts powder from Undaria pinnatifida sporophyll

Control (%)

WEUSY by non irradiation (%)

WEUS by gamma irradiation (%)

0 1 3

5 1 3 5

Hardness (g)  25.35+£3.147"Y  18.96+2.02°

25.10+£3.94

35.10£6.04" 20.92+155° 2570+387° 3537+3.18°

DWEUS means powder with hot water extract of Undaria pinnatifida sporophyll.

“Mean+SD (n=10).

YDifferent letters (a—c) within a same row differ significantly (p<0.05).
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300 1 ONon irradiation

B Gamma irradiation
250 1 ab a

2,00 A be
cd
150 4 de

1.00 4

0.50 A

0.00 -
Control 1% 3% 5%

Fig. 1. The polyphenol content of chocolate added with hot
water extracts powder from Undaria pinnatifida sporophyll.
““Values with different superscript letters in the same solvent
are significantly different (p<0.05).
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Fig. 2. DPPH radical scavening activity of chocolate added
with hot water extracts powder from Undaria pinnatifida
sporophyll. dyalues with different superscript letters in the
same solvent are significantly different (p<0.05).
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Table 6. Sensory test of chocolate added with hot water extracts powder from Undaria pinnatifida sporophyll

Control (%) WEUSY content by non irradiation (%) WEUS content by gamma irradiation (%)

Sensory characteristics

0 1 : 5 1 3 5
Color 282+1597%  390+0.79° 5.00+£1.10° 574+159° 411+0.88°  4.37£0.90" 5.63+1.01°
UPS? aroma 2.33+1.37° 3.06+1.18% 428+1.64™ 542+1.71° 281+1.17% 347+1.43¢ 461+1.79%
Intensity UPS taste  255+1.64° 395+0.85" 500+1.03* 635+1.11" 295+1.13° 437+1.26“ 565+1.27"
Hardness 4.42+0.96 295+099° 342+0.80™ 3.84+097"  3.32+0.87* 3.33+£0.81™ 3.71+0.94"
Sweetness ~ 4.89+1.23" 428+1.14" 3674087 260+141%  443+0.70° 3.05+0.78°¢ 2.47+0.80
Texture 465+1.14 3504063 350+0.89° 3.89+096°  3.35+091" 359+051° 3.95+097"
Color 5.14+1.56 452+1.17" 340+0.88¢ 305+1.397  470+1.30° 3.90+1.22™ 3.15+0.75“
Smell 4.30+1.08 4052094 338+1.12™ 271+171° 4524075 381+1.17" 395+1.19"
Taste 4.05+1.66 410+148" 3.05+1.19° 1.74+1.10° 535+1.09° 3.60+143" 221+1.13¢
Accentability  Hardness 4.47+0.96 385+0.88™ 375+097° 363*£1.12°  4.05+0.97" 358+0.69" 353+0.96
D V' Sweetness ~ 457+1.25 414+128% 305+1.12¢ 252+157%  481+081* 343+1.40" 2.86+1.62
Texture 433+1.24° 333+1.15™ 371+0.85" 290+1.37°  3.90+0.94™ 3.62+1.07" 343+1.25™
Overall 448+157" 400+148" 295+1.07° 1.83+134° 514+091* 378+1.44" 2.32+1.16%
acceptability

YWEUS means powder with hot water extract of Undaria pinnatifida sporophyll.

:Z)UPS means Undaria pinnatifida sporophyll.
"Mean=+SD (n=22).

“Different letters (a—e) within a same row differ significantly (p<0.05).



igaﬂ%ﬂﬂ“ﬂH%ME}?E
o] ol wel v AE B3 gtol gk 7}
Az v g Azt e s vhe Al =4 W EAF 5%
H7Frel A 6.35% o4 S 7}%} AetA g ste
<7k
iﬂr q]&aloﬂ/q 4,42; 7P§,L AeA =Rem, o= M7t
S Z7kel uhek A=t ZkshE AR AR 23
A fAFE BT ML ArhESS wute) 54
© bl AR, 2ARY B oA A1 wgkon
BlzAL H7bh 2AL 7L ALold A el Hel Aolg B
olA stk ME® HrholH 2FP e dzTolA 514
271 58 HSRE A BT 8 BTN B
A D5FE 2L Wbl /MRS A7 HEEE U
HAE HAT, B A 45 ZARE 1% B2
4528 7V we @A AEE dehinh v 4552
HA7teko] 27142 gt AseE 594 A i
”°‘$°Wﬂ b P9 B 1% A7k
2 2T 40500 MSHE 7Hg g s M @shet
%%Mcﬁ%ﬂﬁ%ﬂuﬂﬁgﬂﬂ%
o, gkl AEo e 2AF 1% FH7kPelA 4812
s HAou tiz79 o4 Aol= slsith
AMEE= 54971 vR7EA 2 diz7elA 7}
™, AT A= BIEAL 3% B AL 1% H7Hl
HO 2 (p<0.05) ¥ HFE itk AubAgl 7|5
to I FA 2 Z2AF 1% J7Fl A 5142 7
52 Jehfglon, o3 #5%st AnE FaiA
AF 5% H7FFelA 18302 7Y 2 M5 E e
oo ol2 & w v E HUEEFe] 3% ol dd W @ute
oAl =7 AukH Q] B =7h ol S Bt v ST
o] 50 kGy ZHvhd AL 8t3ls ) HIERALFRY 57t
TR, = HFFAM F ¥§} /o] FRAW 574
nd ERoZ Q] EE o R ge de ¥
ARTDE 1%E 7};%

2 s g4 B5H Vs

b hel A& Aoz AR

A A

rlr mE

3"9' Y,
o

)
N
19,

)
]

lo 30
>,ET_L‘_IIO

ol Mo oo N I‘IFU‘_?L‘F{E
o3l
ue) — Hi
rlo

O

=

=
BN

2 mlm r
o{.

2

2o 12 _%

229 e e

SA1719 A

Al W

e, Io rlr

rkﬂ

4ﬁowa& FH&%%%
EEaﬂ%ﬂo7§¢%%4ﬂﬁiﬂ@§}
2ALo) 4 2%} =9keh DPPH et g

[STRe A >~ = N e A
oot o e
’ lo
-
=
o
§\‘
rlo

o w e b

534

A 2 F ATl e 2AF5% HFFAM A =
e Hehlen, BlEATRG 2ARA 22 4
o] Yebsth 22 8e] @40 At HAje} B, 23
I kARl 7152 SHAAM 2A}F 1% H7F7F EHZ—*,L
O =2 A4S 42 Aoz BS o, gobd AL &

= B 1% H7be] HER v 223 AFNE rg}
2A dEst 7t AoE AlsdET

1A % B

A4 AT N EAGS Bal A ﬂilﬂﬂﬂﬂ
A=Yy
2 @
1. Lee Y]J. 2004. A study on mineral and alginic acid contents

10.

11.

12.

13.

by different parts of sea mustards (Undaria pinnatifida).
Korean J Food Culture 19: 691-700.

. Kim W], Choi HS. 1994. Development of combined methods

for effective extraction of sea mustard. Korean J Food Sci
Technol 26: 44-50.

. Suzuki T, Nakai K, Yoshie Y, Shirai T, Hirano T. 1993.

Effect of sodium alginates rich in guluronic acid and man-—
nuronic acids on cholesterol levels and digestive organs of
high—cholesterol-fed rats. Nippon Suisan Gakkaishi 59:
545-551.

. Koo JG. 2001. Biosorption of lead and cadmium by fucoidan

from Undaria pinnatifida. J Korean Fish Soc 34: 521-525.

. Korea Food and Drug Administration. 2011. Korean food

standards codex. Korea Food and Drug Administration,
Seoul, Korea. p 472-473.

. De Graaf ], De Sauvage-Nolting PRW, Van Dam M, Belsey

EM, Kastelein JJP, Pritchard PH, Stalenhoef AFH. 2002.
Consumption of tall oil-derived phytosterols in a chocolate
matrix significantly decreases plasma total and low-den-
sity lipoprotein—cholesterol levels. Br J Nutr 83: 479-488.

. Kim SY, Roh HJ, Oh DK. 1997. Effect of addition of frac-

tioated milk fats on fat composition and melting behavior
of cocoa butter. Korean J Food Sci Technol 29: 482-491.

. Murphy K], Chronopoulos AK, Singh I, Francis MA, Mor-

iarty H, Pike MJ, Turner AH, Mann NJ, Sinclair AJ. 2003.
Dietary flavonols and procyanidin oligomers from cocoa
(Theobroma cacao) inhibit platelet function. Am J Clin
Nutr 77 1466-1473.

. Posaci C, Erten O, Uren A, Acar B. 1994. Plasma copper,

zinc and magnesium levels in patients with premenstrual
tension syndrome. Acta Obstet Gynecol Scand 13: 452-455.
Rein D, Paglieroni TG, Wun T, Pearson DA, Schmitz HH,
Gosselin R, Keen CL. 2000. Cocoa inhibit platelet activation
and function. Am J Clin Nutr 72: 30-35.

Lee KW, Kim Y], Lee HJ, Lee CY. 2003. Cocoa has more
phenolic phytochemicals and a higher antioxidant capacity
than teas and red wine. J Agric Food Chem 51: 7292-7295.
Kim HJ, Jo CH, Lee NY, Son JH, An B]J, Yook HS, Byun
MW. 2005. Effect of gamma irradiation on physiological ac—
tivity of citrus essential oil. J Korean Soc Food Sci Nutr
34: 797-804.

WHO. 1981. Wholesomeness of irradiated food: Report of
a joint FAO/TIAEA/WHO expert committee on the whole-



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

e ZAY W DA (Undaria pinnatifida Sporophyll) @FF&5S

someness of irradiated food. World Health Organization
Technical Report Series, No. 659.

Ahmed M. 1993. Up-to-date status of food irradiation.
Radiat Phys Chem 42: 245-251.

Kwak DY, Kim JH, Kim JK, Shin SR, Moon KD. 2002.
Effects of hot water extract from roasted safflower (Car-
thamus tinctorius L.) seed on quality of cookies. Korean
J Food Preserv 9. 304-308.

Moon SW, Park MS, Ahn JB, Ji GE. 2003. Quality charac—
teristics of chocolate blended with Bifidobacterium-fer—
mented isoflavone powder. Korean J Food Sci Technol 35:
1162-1168.

AOAC. 1996. Oflicial methods of analysis. 16th ed. Associa-
tion of Official Chemists, Arlington, VA, USA. Vol 2, 31.1.04,
31.4.02,31.5.02,33.5.02,33.5.08.

Folin O, Denis W. 1912. On phosphotungstic-phosphomo-
lybdic compounds as color reagents. J Biol Chem 12: 239-
243.

Blois MS. 1958. Antioxidant determinations by the use of
a stable free radical. Nature 181: 1199-1200.

Hwang JK. 1996. Physicochemical properties of deitary
fibers. J Korean Soc Food Sci Nutr 25: 715-719.

Yang MO. 2009. Quality characteristics of Sulgidduk added
with cabbage powder. J Fast Asian Soc Dietary Life 19:
729-735.

Koo JG, Jo KS, Do JR, Woo S]J. 1995. Isolation and purifica—
tion of fucoidans from Laminaria religiosa and Undaria
pinnatifida in Korea. J Korean Fish Soc 28. 227-236.
Chang DS, Cho HR, Lee HS, Park MY, Lim SM. 1998.
Development of alginic acid hydrolysate as a natural food
preservative for fish meat paste products. Korean J Food
Sci Technol 30: 823-826.

Cho HS, Park BH, Kim KH, Kim HA. 2006. Antioxidative
effect and quality characteristics of cookies made with sea

26.

27.

28.

29.

30.

31

32.

33.

b 2289 F4 3 s 24 109

tangle powder. Korean J Food Culture 21: 541-549.

. Yoon MH, Kim KH, Hwang HR, Jo JE, Kim MS, Yook HS.

2009. Quality characteristics and antioxidant activity of
chocolate containing flowering cherry (Prunus serrulata L.
var. spontanea Max. wils.) fruit powder. J Korean Soc Food
Sci Nutr 38: 1600-1605.

Yoo KM, Lee KW, Moon BK, Hwang IK. 2005. Antioxidant
characteristics and preparation of chocolate added with
Sochungryoung—-Tang (oriental medicinal plants extract).
Korean J Food Cookery Sci 21: 585-590.

Gouveia L, Batista AP, Miranda A, Empis J, Raymundo A.
2007. Chlorella vulgaris biomass used as colouring source
in traditional butter cookies. /nnov Food Sci Emerg
Technol 8: 433-436.

Jeong SM, Kim SY, Park HR, Lee SC. 2004. Effect of
far-infrared radiation on the antioxidant activity of extracts
from Citrus unshiu peels. J Korean Soc Food Sci Nutr 33:
1580-1583.

Pyo YH, Lee TC, Logendra L, Rosen RT. 2004. Antioxidant
activity and phenolic compounds of Swiss chard (Beta vul—
garis subspecies cycla) extracts. Food Chem 85. 19-26.
Kim YC, Chung SK. 2002. Reactive oxygen radical species
scavenging effects of Korean medicinal plant leaves. Food
Sci Biotechnol 11: 407-411.

Kwon HJ, Jung U, Park HR, Shin DH, Jo SK. 2007. Effects
of gamma irradiation on color changes and antioxidative
activities of Caesalpinia sappan L. J Korean Soc Food Sci
Nutr 36: 1055-1061.

Perez MB, Calderon NL, Croci CA. 2007. Radiation—induced
enhancement of antioxidant activity in extracts of rosemary
(Rosmarinus officinalis 1.). Food Chem 104: 585-592.
Zhung C, Itoh H, Mizuno T, Ito H. 1995. Antitumor active
fucoidan from the brown seaweed, Umitoranoo (Sargassum
thunbergii). Biosci Biotech Biochem 59: 563-567.

(2011 10€¥€ 119 A< 2011F 119 29¢ AA9)



