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Abstract

The purpose of this study was to investigate the quality characteristics and antioxidant activities of ganache added
with Porphyra tenera powder (PTP). The levels of PTP addition to ganache were 0, 1, 2, and 3 wt%. The lightness
() and yellowness (b) values of the ganache in the Hunter color system decreased upon increasing the amount of
PTP. In addition, textural examinations showed that the hardness of the ganache increased upon PTP addition. Furthermore,
sensory evaluations indicated that the overall acceptability score was highest for the ganache chocolate containing 1%
PTP, whereby the color, flavor, and taste scores were the highest. Meanwhile, the moisture content decreased upon
increasing the PTP content, which differed significantly from the control. Moreover, the sugar content (°Brix) and
reducing sugar content increased upon increasing the PTP content. It was also found that the phycocyanin and chlorophyll
contents in the ganache containing 3% PTP were higher than for the other samples, and the total phenolics and flavonoid
contents increased upon increasing the amount of added PTP. Finally, the DPPH radical scavenging and SOD-like
activities of the ganache increased with greater quantities of PTP. These results, therefore, indicate that the addition
of PTP to ganache chocolate can lead to the manufacture of high quality chocolate with a high antioxidant activity.
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Table 1. Ingredient composition of ganache added with different
amounts of Porphyra tenera powder (unit: g)

Ingredients Control”  PTPI1 PTP2 PTP3
Porphyra tenera powder 0 1 2 3
White chocolate 60 60 60 60
Fresh cream 30 29 28 27
Apple pucker 8 8 8 8
Total weight 98 98 98 98

DControl, ganache without Porphyra tenera powder; PTP1, 1% Porphyra
tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;
PTP3, 3% Porphyra tenera powder ganache.

‘ Dark chocolate melting (50C) ‘

!

‘ Dark chocolate crystallization (27 - 28C) ‘
l

‘ Dark chocolate tempering (30 - 327C) ‘
l

‘ Molding & cooling (1 h, 107C) ‘
y

‘ White chocolate melting (457C) ‘\
|

‘ White chocolate crystallization (25 - 26C) ‘
l

‘ White chocolate tempering (28 - 297C) ‘
l

Cooling after boiling (whipping cream)
(80C to 327)

l

Mixing ganache (white chocolate,
whipping cream)

!

Added Porphyra tenera and -
apple pucker

| Mixing
Filling the mold with ganache (80%)
!

Molding & covering
(dark chocolate)

|
Cooling (24 h, 107)

> Ganache

Fig. 1. Process for preparation of ganache chocolate added with
Porphyra tenera powder.

H7lete] HAdgk & nix|9t o & HAE ¥ Al 4
FAT} 15x15%1 em(widthxdepthxheight)2] 7&*}7153 =
o 7herE Fo] 10ToA 3hF &<t 23 § AR

AREERGITE F, B B S Y, pH 2
d, E‘EEE, A 223 F dlE, F9tE 0| =, DPPH
radical 22745, SOD FAFE Y2 7P E Al5RE AFES
R, HeH7he 71648 228 AlFsE A% 542
2 t3 228l AuFHE StE 228l B=(Chocolate
World Antwerpen, Belgium)oll £93te] AHE THE11,
&2 TR 80% A& F vA] AWE 29 29X 22
2 e Hlekd

A, 3]0}

n}L >{IE

%

o i

M £H
A= A2HA| (Spectrophotometer CM-600, Konica Minolta
Sensing, Inc., Tokyo, Japan)E A}8-5> Hunter’s color
system®] LZk(lightness), agk(redness), bak(yellowness)=
33] Wk S5t Fate® Yetislth A 7 s
#H E2]t]4(60x12 mm)el] Rl FZto] B71A] &) ‘;LO} A
£ 579313tk Standard color value:= L%k 99.35, agk - 0.15,
bk -0.0591 calibration plateE EFO 2 AFE-3}3ITH

BE 1.5 cm ¥0]9] Eglold] Yo WAa
o 3083t =3l ¥ texture analyser(TA/XT2, Stable Micro
System Ltd., Surrey, England)E Al-8-3f0] B4 WH3lE &
e glstaitt A& 5 mme] plungerg ©]-&3t Zx
(hardness), +2]/d(springiness), -8~ “d(cohesiveness), A7
(gumminess), % €173 (chewiness)= 53] ©]4 43It
7171 2§ 2712 Table 29+ 2t}

=57

A T84S UK 7heE v 2EF50 R 29%
7har 2F8 9 #sH7te A= 715E AAE AA
sto] FrbsiivhEdtiea A el ds] i
A el GeHA 5015 201807-SB-112-01). = 7
A= AR AALE Eol s dA el Q&8 Al Fof oty

At S sjd e A ste] AP HEAS
539 3 A=0; wlg ok 7 w$ Ak HoE

78 A=Hom Ssith Bw Patel FEe 1w, vl
o w2l =), WHE, o, 222D, @S, &
ul— ngaju}, &ul—) 1707‘:1-(7‘%_1]:_’ i_lm)oﬂ tste] A A5}
At 7E% ) o2 194 o]iFe] gukel
09 E oz FER A3 B0, BIE BE 52
AlZl T Ao L322 k¥ 1, HrHEE 74 H e
o I V2% A EE A, F % 243
e o U A9 dlsjel AL A%
& HA]ol A3 a1,
e 1 7] #1sh W}&E?}aﬂr

q.
IS
O

‘”4~— AR Jﬂ7}°ﬂ 3]
A Al ZstAH.



336 A FA AT E S A A27d A3 (2020)

Table 2. Condition of texture analyser

Apparatus Condition
Diameter of plunger 5 mm (p/5)
Pre-test speed 2.0 mm/s
Test speed 2.0 mm/s
Post-test speed 2.0 mm/s
Distance 20 %
Trigger type auto S5g

=

FE g AlRE oF 1.0 g¥ FHsk] 110CE 3=
2ol 5= 7] (Infrared Moisture Analyzer FD-660,
Kett Electric Laboratory, Tokyo, Japan)E ©]-§-3}o] 33] 1t

dEE AR 5 goll 40T /T 45 mLE Hoi 3|48}
o] #A3}gE 3 40°C2] sonication(Powersonic 420, Hwashin
Technology, Gwangju, Korea)°l 4] 30% 59t 2 X A7 T}
5, 4,326.7 xg2. 2 2047t YA H-2](Combi-514R, Hanil,
Hwaseong, Korea)dte] 355 3l G=AH(SCM-1000,
HM Digital, Seoul, Korea)2 =74 3}31t}. g0de] Al g
F=o] A7 e} FUsH, dinitrosalicylic acid(DNS)el| ]+
A o 7 3353 =7 (Epoch Microplate Spectrophoto-
meter, BioTeck Instruments, Winooski, VT, USA)& A}-&-3}
o] 550 nme|A] SHEE S AT BEFA -2 glucose
(Sigma-Aldrich Co., St. Louis, MO, USA)S =¥ &2 W3-
AA Agad

pH & &t

pHE A8 5 g& S/ 45 mLol| S]4slo] wdsiet &
40°C2] sonication(Powersonic 420, Hwashin Technology)©ilA]
305 Bk AAAI U2, 4,326.7 xg o2 20537 YA
(Combi-514R, Hanil)al] F gt 4FH-S pH meter(420
Benchtop, Orion Research, Beverly, MA, USA)Z =7 3153 Th
Atzo] AlEi= pHE| AR} Bds wHlste] 4S9 10
mLE # 3l pH 8.37k4] 2 sl=t] Z23F 0.1 N NaOH
HmL)2- citric acid TrEH(%) -2 SHaksto] FA4k kS §
Al 31T

mL of 0.1 NaOH x 0.0064
X
Weight of sample

Acidity (%) = 100

DzAold Y EE=E FY

HFZA P& A& 2 g2 100% o eH2 20 mLe} &5+t
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0CAIA 2008 F<F HEEAIZ 5, W@ C)ellA 24413t
AR A Z T 28] 941 E2] 7] (Combi-514R, Hanil)ol| A
4,326.7 xg, 4TE 2083t LA 88t A2st A5
F3ll dele] A (Epoch Microplate Spectrophotometer, BioTeck
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24990 248 FHE G2 o] 41 Fal ¥2
obd S AAkstel Zhter 100 goll Bl 3] =Al okl
Fgoz LEhpsih

2292 A8 2 g2 dimethyl sulfoxide(DMSO, Dagcjung
Chemicals and Metals Co., Ltd., Siheung, Korea) 20 mL®]|
gol gste] gzt &, 40T oA 24413
Fot MAE 53 3, centrifuge(Combi-514R, Hanil)oll A]
4326.7 xg©o. 2 207t YAl et FHg e At
©] #](Epoch Microplate Spectrophotometer, BioTeck Instru-
ments)E ©]-8319] 664, 648 nmoll A FH=E S St
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o W

C-phycocyanin (mg/mL) = [A620 - 0.474(A652)] / 5.34
Allophycocyanin (mg/mL) = [A652 - 0.208(A620)] / 5.09

Chlorophyll a (ug/mL) = 12.25 - A664 - 2.79 - A648
Chlorophyll b (ug/mL) = 21.50 - A648 - 5.10 - A664
Total chlorophyll (ug/mL) = Chlorophyll a + Chlorophyll b

% ¥ T2 Folin-Ciocaltews'H .2 A 33} T}
Folin-Ciocalteu’s phenol reagent”} &22] Z7cA =gkl
= vt HsA B s =22 Ao w gl
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o T
Y 387 vESAIZ] & 7.5% Na,CO; 400 pL= @il Wl
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Microplate Spectrophotometer, BioTeck Instruments)E ©]-&
stod 760 nmell A F3 S Skt EE341S tannic
acid(Yakuri Pure Chemicals Co., Ltd., Kyoto, Japan)E A}-&
3to] 7hu4r 100 goll thal tannic acid $H<1 tannic acid
equivalent(TAE) g/100 go.2 eIt

Eoldole M
SHtE o= AR 8 &

23 200 mgmL F=o| FEE £
&3te] S35t Al 100 pLell 90% diethylene glycon
900 uL, 1 N NaOH 20 uLE %31 37C<] water bath(VS-
1205W, Vision Scientific Co., Ltd., Daejeon, Korea)ol| 4] 14]
7t &t vhgA1Z1 3 Aol A (Epoch Microplate Spectro-
photometer, BioTeck Instruments)E ©]-8-3}] 420 nmol| A
FHEE S0, EF41-2 naringin(Sigma-Aldrich
Co) = AFE-3le] 7h<r 100 goll W8l naringin $H3FQ1 g
naringin equivalent(NE)/100 g© 2 YERJSIT}

DPPH radical &+ &3

DPPH radical 27%2] A& €98 % ¥ 3 A3
of| A A3 200 mg/mL FE] FEE £9S Alg £
O 2 ARgste] S sSth FEHEE 3|4 g Al 589 50

uLell 1.5x10 * mM 1,1-diphenyl-2-pircryhydrazyl(DPPH)&
N 150 LB ol W A F oA 307 Bt wESAIX]
& dlg}le] A (Epoch Microplate Spectrophotometer, BioTeck
Instruments) S ©]-&-3}o] 515 nmol|A] SF =S 23515
t}. DPPH &2 24 %5(%)S the A o= Aiksla, &
= gz 275 te A7 delA DPPH &tz &
A%0] 50%7F H= FE2 1CsakS 15 tHGoldstein
%, 1979). Positive control 2 ascorbic acidE AH&-3}53 11,
o] wj 12} WAL y=837.91x+15.596 (R’=0.9632)°| 1 <.
1, ascorbic acid®] ICso&t-2 0.542 mg/mLe|th.

Free radical scavenging activity (%) =
Abs DPPH - Abs blank
Abs DPPH

Superoxide dismutase(SOD) FAIEM &H
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O
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Hk-g-ol 3= pyrogallol2] %S zle] & (Epoch Microplate
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a1 - ) x 100
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=% Pl
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Table 3. Color value of ganache added with different amounts of Porphyra tenera powder

Control" PTPI PTP2 PTP3
Lightness (L) 77.5120.097* 59.13+0.20° 52.1140.50° 42.29+0.18°
Color Redness (a) - 1.69+0.02° 3.6440.08° 4.03+0.08" 4.47+0.03°
Yellowness (b) 16.95+0.02° 2.87+0.10° 2.1340.14° 0.7320.06°

DControl, ganache without Porphyra tenera powder; PTP1, 1% Porphyra tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;

PTP3, 3% Porphyra tenera powder ganache.
PAll values are mean+SD.

-dDjifferent letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.

eI Ed o= pH 2 2% 5ol 9 7] wj&<l
Ao HyEo] 3 &8 Hrbo] SIS pHYL Hot
2 Ao FakS nHS Ao R AFRETE Lee 5(1987)2]
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Table 4. Texture of ganache added with different amounts of Porphyra tenera powder

Control" PTP1 PTP2 PTP3
Hardness (g) 35.98+1.197% 79.57+1.85° 115.47+2.87° 135.8043.33"
Springiness 0.99+0.01° 0.99:£0.00® 1.00:£0.00° 0.99:0.00®
Cohesiveness 0.46+0.01° 0.48+0.01% 0.5140.02%® 0.52+0.03°
Gumminess 16.55+0.50° 38.33+1.65° 59.17+1.82° 71.07+2.91°
Chewiness 16.31+1.36¢ 38.104+0.65° 58.94+1.91° 70.59+2.76

DControl, ganache without Porphyra tenera powder; PTP1, 1% Porphyra tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;

PTP3, 3% Porphyra tenera powder ganache.
PAll values are meanSD.

S=dDyifferent letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.
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Table 5. Sensory characteristics of ganache chocolate added with different amounts of Porphyra tenera powder

Control" PTP1 PTP2 PTP3
Color 1.0+£0.07® 2.540.7° 4.4+1.0° 5.9+1.2°
Appearance
Smoothness 5.7+1.3° 3.9+1.0° 3.441.2° 3.4+1.6°
PTP 1.0+0.0° 3.240.9° 4.0+0.8% 4.7+1.3°
Flavor Sweet 5.0+1.9° 4.1+1.0" 3.940.9® 3.6£1.1°
Chocolate 5.7+1.1° 4.5+1.2° 4.4+0.8° 3.8+1.0°
PTP 1.6£1.9° 4.0+0.9° 4.6+0.8% 5.7+1.3"
Sweet 5.4+1.3" 42+13° 4.4+0.7° 3.4+1.0
Taste

Cream 5.2+1.20° 3.9+1.2° 3.6+1.0° 3.9+1.0°
Bitter 2.4+1 4™ 2.9+1.0 2.940.9 2.9+1.7
Hardness 2.2+0.9° 3.240.8" 4.1+1.1%® 5.1£1.3

Texture
Viscosity 3.7+1.6%9 3.0+1.1 3.3+1.7 4.0+2.0

7 point scale (1, very weak; 2, weak; 3, slightly weak; 4, moderate; 5, slightly strong; 6, strong; 7, very strong).
YControl, ganache without Porphyra tenera powder; PTP1, 1% Porphyra tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;

PTP3, 3% Porphyra tenera powder ganache.
PAll values are mean+SD.

J+dDjifferent letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.

“NS, not significant.

LA THp<0.05). o= AE=o] Aol 7] I H7beko|
FoPd 5 Lako] wrobA] 7| AA Mro] ZAutel dX|s)
FATHTable 7). ©Ae] vjnnd] F =& tlz2To] 574,
A B HUbEES 1, 2, 3% H7F A 3.9, 3.4, 34FH <
2T 1 B HrkE e felFel & AjolE v
WO k(p<0.05), A B H7Ht 2kl f2 & 2ol 7t
ATk Aol g2 txTto] .04, A B8 HUFE 1,
2, 3% A7} Al 3.2, 40, 47802 7 ¥

A Fo] EolA folAQl ztol7t Us= & T UgT
(p<0.05). @& tlxTo] 50822 7 =9k

Bk A7k 1, 2, 3% A7 A 41, 3.9, 3.6- 07 R}
PTP1, PTP2E #-9]A 2 z}ol7} gil o, PTP3E f2l 4
0] 2po]Z HATHp<0.05). 2Z8 & thxo] 71 7
A vehg 577, 1 B "obeel 1, 2, 3% H7F Al
45,44, 38302 7 Hrto] BEFE 2T ol
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5 HATHp<0.05). @8kt B3l 1, 2, 3% A7k
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& UATHP<0.05). ol A3 S Aol A
B b 2S5 A5 oktie Aot €3
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d
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Table 6. Sensory preference results of ganache chocolate added with
different amounts of Porphyra tenera powder

Table 7. Moisture, sugar, reducing sugar, pH and acidity of ganache
added with different amounts of Porphyra tenera powder

Control" PTP1 PTP2 PTP3
Color 44+1.17%  53+1.0° 4.1+1.2° 4.3+0.2°
Flavor 4.1+1.5° 5.4+1.0° 4.1+1.4° 4.3+0.3°
Taste 4.0+1.5° 53+1.1°  4.1+14° 43+03°
Texture 444129 49413 4.4+1.4 4.6+1.4
Overall 4 10 514100 41213° 4303
acceptability T T B T
iﬁ‘éﬁ?fn 35514 47413 38:15 4116

7 point scale (1, dislike very much; 2, dislike; 3, dislike slightly; 4,

moderate; 5, like slightly; 6, like; 7, like very much)

Control, ganache without Porphyra tenera powder; PTP1, 1% Porphyra
tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;
PTP3, 3% Porphyra tenera powder ganache.

DAll values are mean=SD.

ebDjifferent letters in the same row are significantly different by Duncan’s

multiple range test at p<0.05

“NS, not significant.

& 23519] W7t Aol =(Kim <, 2012b) 3% ©]7F
H7F A= Adaert Yopre Aoz AN, 4
S 7K 719 F2 540 B3 AR fAF
& A3E Y tHLee 5, 2017). WebA & SF] 1%
FEoE A TEE S W A, & we] x5 ol F
oA ZANEARl 715wt & o g Atndrt. oldf wet
ool =Tt e A BT v 2299 A 7bed
o] 9lthx Atz

IS 7R g 8 &

A B Ak g gl 7R e
L, 0 BT NS 1L 2, 3%E SIS
& ZV7} 449, 421, 3.73%E A BT AU ek
ke foldow gtadhe 2eS A
x| 2 ddol 4 2% A7kl v
7V B HERTHp<0.05). 2 BT AoF w5
A7V 2289 A= FeF w5 28] At

ol whe}t & ko]l felAHor Hasild Aot
FAFEATH Yoo, 2011). ©]& 104 - 11.4%= 5% ghako]
A 4 2o 1T FEe] Tkl 525%2 G
O I TS Bol BAsta e AAE del 1

A TR o] WolAle AdE Hole Ao R Alad

Control" PTP1 PTP2 PTP3

Moisture

content  6.79+0.13%Y  4.49+0.05> 4.21+0.06° 3.73+0.13¢
(%)

Sugar

content 45.33£0.58°  47.67+0.58" 52.00+£0.00° 52.67+0.58°
(°Brix)
Reducing

Sugar - 90740.00°  10.56£0.00° 11.40+0.01° 11.78+0.01
content

(%)

pH 6.49+0.03"  6.38£0.02° 6.33£0.01° 6.28+0.00°
A?},}Sty 0.49+0.00°  0.52+0.03° 0.57+0.01° 0.67+0.02°

DControl, ganache without Porphyra tenera powder; PTP1, 1%
Porphyra tenera powder ganache; PTP2, 2% Porphyra tenera powder
ganache; PTP3, 3% Porphyra tenera powder ganache.

YAll values are mean=SD.

Y-dDjifferent letters in the same row are significantly different by
Duncan’s multiple range test at p<0.05.

TtHNAS, 2016).
Sr U g

A s AR 7here] B 9 Sl 5% A
+ Table 72 2t} Bee A £8< 37k €= U=
To] 4533 °BrixZ 7} wetow, 71 B A4S |,
2, 3%= ZVINATE GEE 47.67, 52.00, 52.67%=
v Ak wek Srkehe AdS Bl

AL G} iR 7] B A ¥

[e}

Z70] 9.07%= 7 wgkom, 1, 2, 3%E S7MIEFE
SHA 2 10.56, 11.40, 11.78%2 F2ld o2 F7kshe 3
& = AATHP<0.05). A BT Hkre] A BES ¥4
e HEzTEY & FFE FelH R =0lTtH(p<0.09).
ke s A7kt Alxg S| F719] F4 B4 #g
AgollA A B HrbFe] Sl whet dErt S8k
= Akt 235 JERA T Hwang?t Nhuan 5, 2014). ©]
= Al G o] F5-31, A9l porphyran©] 2h=
T84 ERE Q8 dEet Sl JIFE nAE A
° 2 Atz @ ti(HwangZ} Nhuan 5, 2014).

o o o 2

& 37 7hare] pH 2 AtE S AT=
Table 77 2t} 7 282 H76HA & tZa9] pHE=
I A7V 1, 2, 3% R S7HZFE pHE
6.38, 633, 6.28% 7] & HUteFo] F7kgel me pH=
el o7 7Haak thp<0.05). YHtE oz x=glo] pH
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= A1 FAls] S fr1ke] kol whet gkl
Tt &2zl v Qti(Choi 5, 2018). ©]& Fol dfH
72547, & 2ok sl v 2 Eelds
slehEo] o3t Aoz HuEgon, Hd thi giE
7141 ZE, 9, 2, vkdls 2 YEFE pHoll 9%
< R Ao w AL EtH(Hwang, 2013).

= A BdE HUkeA &' dEare] 049%31C
o, 7 B HA S 1, 2, 3%E FHASE e
0.52, 0.57, 0.67%= <2 o & Z7}8+ th(p<0.05). 71
oouke- A7k 2= 8l (Hwang 5, 2012), S48 5%
A7} 222 (Kim 5, 2012a), 2 A7} 2= Parkd} Joo,
2011), oF=Yo} 7t 225 (Park, 2014)¢] A7+ Aol A
T FAE Hrtere] St wet pHYF AHadhe AHE
 AFA et FrAFelAth 29 chlorophyll A 4w 312
W o2}, 4kell 2l8 A = pheophytin aZ &l Eo] A
o] MarEHo] ¥ =dl(Lee®} Choi, 1973), ¥ Aol
M el Hrteo] S/ S pHeE 2ol o 4Ak=rt
7R R R ojgfg Aits Ard = dake nlA A
T S8 Al s Ee daeta, A FoheE A3

$418 A%E Jehd Ao Aead,

IAlotd ¥ E2==E &z

A 8= 7K 7her 100 goll thak 9] sA]opd Bl
S22 229] &2 Table 87} 2T} C-phycocyanin th3
o] 0.0015 g, A S 1, 2, 3% 71 Al 0.0016, 0.0021,
0.0024 g = 7] 8 Hrhdo] Woldrs 3 lopd ek
<& o)A o Z71s thp<0.05). Allophycocyanine th 3
0] 00039 g, A L 1,2, 3% H7F A 0.0061, 0.0081,
00108 go = 7 & Hrhke] whe} frojd o g F71si3d
Hp<0.05). I FAloPd FHF-2 tz=To] 00053 g A &%
<1, 2, 3% &7F Aol 0.0078, 0.0102, 0.0132 g2 7
o] H7F el vlEste] folF e r Stk o,

C-phycocyanin?} allophycocyanin®] &&2} o *| 3}
el 84

< Hthp<0.05). HollE AL
W zo] EAst=], A4S YeRY = phycoerythrin, 74

& ek Re
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phycocyanin®] 2}l 3} 1(Kim3} Nam,
phycoerythin, phycocyanin, chlorophyll

attil B ¥ H(Jeon 5, 2017). I FZAobd & 3]
Prksde] a7t 9lo] S o] &3k A F/N el o]
2 Ao 7 7)) tHEriksen, 2008; Romay 5, 1998).
Chlorophyll a®= # 43S H7HA] &€& tlzTol
0.00029 g, A %< 1, 2, 3%= 7} A 0.00030, 0.00032,
0.00035 g©. = 7} T H7hdel wet froFew sk
O H(p<0.05), chlorophyll b= 7 8= H7IeHA &= o

Z0] 0.00058 g, A IS

, 2, 3% Z7F A 0.00061,

1

=

0.00066, 0.00071 g2 FolA o7 Z7}519tHp<0.05).
Total chlorophyll B3t 71 F2-5 71814 &+ dlzTo]

0.00087 g,

BHuolo
Ta=

1,2, 3% A7} Al 0.00092, 0.00098,

0.00106 gO& Fo]2 o2 Z7181ItHp<0.05). Hong &
(1997)9] 2 F25&2] o] 5430l At Aol 79|
FREZY JI2E o= o] wria B vl 9l

Bers IR gF] foldes

A B H7rol

wvE T =

7k 29E Bl Ao R Als €tk Ao e itk
B2 F shel FRRd 7lRExoly, vzl So] A
A AR Ak AR R v iEe] ke d7E
IS v o R A A7ER 1 st &4 Fx13 7154
2239 AF ME 7ol Z1UE th(Nguen &, 2018).

g dE g

A 8 A7 7hder 100 goll e % s dke] A3
= Fig 29} 2tk 7 B8-S HrlehA] &2 vz
HE a2 0214 g 1 BLS 1, 2, 3% H7F Al 0.618,
0.648, 0.867 g2 7 &8 H7tefo| S71drs - o=
ko]l FrofA o2 F7HsFATHp<0.05). S-ZEFol= ca-

Table 8. Phycocyanin and chlorophyll contents of ganache added with different amounts of Porphyra tenera powder

Control" PTP1 PTP2 PTP3
C-Phycocyanin 0.0015+0.00007* 0.00160.0001° 0.00210.0001° 0.0024+0.0001°
Pl(“gy/cl%coyag“ Allophycocyanin 0.0039+0.0001¢ 0.0061+0.0002° 0.0081+0.0004° 0.01080.0006"
Total phycocyanin 0.0053+0.0001 0.0078+0.0002° 0.0102:£0.0004° 0.0132+0.0005"
Chlorophyll a 0.00029-+0.00001° 0.00030+0.00001° 0.00032:£0.00001° 0.000350.00001°
C(lgﬁrgghg%“ Chlorophyll b 0.00058£0.00001° 0.00061:£0.00001¢ 0.00066::0.00001" 0.00071:£0.00000°
Total chlorophyll ~ 0.00087+0.00001¢ 0.00092£0.00001° 0.00098=0.00001° 0.001060.00001°

DControl, ganache without Porphyra tenera powder; PTP1, 1% Porphyra tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;

PTP3, 3% Porphyra tenera powder ganache.
DAll values are mean+SD.

J+dDjifferent letters in the same row are significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 2. Total phenol contents of ganache added with different
amounts of Porphyra tenera powder.

Control, ganache without Porphyra tenera powder, PTP1, 1% Porphyra

tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;

PTP3, 3% Porphyra tenera powder ganache.

TAE, tannin acid equivalent.

All values are meantSD.

*ADjifferent letters above the bars are significantly different by Duncan’s
multiple range test at p<0.05.

techin, phlorotannin 52 22 2] E 33E°] i+
of vka Ba¥E wh glof 7 g Hrhe] S S
Z s ol 7 AR AR ETH(Yan 5, 1999;
Back¥} Kim, 2019). Kwak 5(2005)2] 5% s =79 & =
gl 3RS vl 7} 897 melg, 710] 3.81 mg/g e = 7]
= ZEjHls ol slxf{ ol e theo® e T
= HQl A7Azel dxeat
Zolgd-o|= &zt

A BT H7E 7hUer 100 goll tigk Zefeicol = ke
A= Fig 37 2tk A BES HUbelA] 22 izl
ZeE o= FF2 0056 g U BES 1,2, 3% A7t
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Fig. 3. Flavonoid contents of ganache added with different amounts
of Porphyra tenera powder.

Control, ganache without Porphyra tenera powder; PTP1, 1% Porphyra

tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;

PTP3, 3% Porphyra tenera powder ganache.

NE, naringin equivalent.

All values are meantSD.

““Different letters above the bars are significantly different by Duncan’s
multiple range test at p<0.05.
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o] A& g3 7RI (Park -5, 2012). Kwak 5(2005)
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A B4 A7F 7h72e] DPPH radical 22752 ICsy#ke
Fig. 49} 2t A 2UE A7 @& dl2T9] Gk
334.01 mgmL, A BLE 1, 2, 3% H7F Al 276.45, 205.52,
17439 mgmLZ 7 BT % 7}%] ~7P§#% DPPH
radical 227%9] ICs7kS ]2 o 22313 BH(p<0.05).
Arbd 2ARE m Oé?%%% %ﬂo?@l 23
A7belle o Hrbero] S/1drsE =2 ks S5
epligleom, 59 A7FFd o) Zhebd Z2AF Aelto] o
ZoHET 2 @golltty EaEe] dthKim &,
2012b). Hwang¥} Nhuan(2014)2] v}2 & 3713t Sn]
FIAAE vtE o] H7t s &St folHeR
Z7Fke 235 Yehith Lee 5(2012)9] Hx 79
DPPH radical 2452 A7A sid A 65.1%, A 7
56.1%, & 7o) 53.5%% 3Hkso] vk Bad vl 9l
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Fig. 4. DPPH radical scavenging activity of ganache added with
different amounts of Porphyra tenera powder.

Control, ganache without Porphyra tenera powder; PTP1, 1% Porphyra

tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;

PTP3, 3% Porphyra tenera powder ganache.

All values are meantSD.

*IDifferent letters above the bars are significantly different by Duncan’s
multiple range test at p<0.05.
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(1999)0l 4] 31354 B3R et el BATE B
ABRA) doke Avke 2L A%S JeitFie 2).

Superoxide dismutase(SOD) fFAIEAM

A AH7F 7hdeare] fArEA e &% A3 Fig
591 2t} 7 BE-S HrlelA &8 tl27e] SOD2] ECy
Fh2- 195146 mgimL, 7 BTS 1,2, 3%2 W7 A 729.63,
689.44, 52828 mgmL= 7 T H7lgo] S/HEFE f
ol o & Zhaste] SOD frAkE/do] ol thp<0.05). ©]
= 2 AFolA el MAGER B I 2E-, I3]0}
d, 2299 3 S H A k= A 3ot SOD
A S 2t @Hkel B2 2 phenolic acids, flavonoids,
anthocyanins % isoflavonoids®} 22 H&=4 33HEE0|
e 2] 9)o](Choudhary®} Swarnkar, 2011) 72| catechin,
phlorotannin &3 22 Zg|dE 3H3tE(Yan &5, 1999;
Baek¥} Kim, 2019)01 Aeld] 755 HIET gis S
ol =%2 & 302 Atsdrh

q 7R 2AE B 714 z‘a-t%aﬂ xﬂ% 7}1%—2—
HESIuA} 3kt o]3shy 4 55 Hrist A=
et 2k *“EE 2 NS MRS A
A FA W(LF), B Z=(bih) = ol A =(agh)
= %7}0}%}. ZAZFe ArE 7] B A7tk wola
T= ol dEAS & 4 U, 34, A8 RY
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Fig. 5. SOD-like scavenging activity of ganache added with
different amounts of Porphyra tenera powder.

Control, ganache without Porphyra tenera powder; PTP1, 1% Porphyra

tenera powder ganache; PTP2, 2% Porphyra tenera powder ganache;

PTP3, 3% Porphyra tenera powder ganache.

All values are meantSD.

““Different letters above the bars are significantly different by Duncan’s
multiple range test at p<0.05.
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