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Quality Characteristics and Antioxidant Activities of Chocolate Added with Mulberry Pomace
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Abstract

Mulberry pomace, a by-product obtained from mulberry juice, has not been utilized as a food material for food processing. In this study,
the quality characteristics and antioxidant activities of chocolate to which mulberry pomace has been added were evaluated. Freeze-dried
mulberry pomace was added to white chocolate at the level of 0, 0.5, 1.5 or 2.5%, and then the white chocolate ganache was put between
two layers of dark chocolate, The moisture content and sweetness were not significantly different among treatments, but reducing sugar
content was increased, according to the amount of mulberry pomace powder. The Hunter color L(lightness) and b(yellowness) values
decreased, according to the mulberry pomace powder amount, whereas the a(redness) increased. The hardness increased according to the
mulberry pomace powder amount. Total phenol and flavonoid contents increased, according to the mulberry pomace powder amount.
Antioxidant activities(DPPH and hydroxyl radical scavenging activities) also increased, according to the mulberry pomace powder amount,
The result of the sensory intensity test revealed that the scores of color, mulberry taste, hardness and chewiness were the highest in the 2.5%
mulberry pomace powder added chocolate. Sensory preference test results showed that chocolate added with 1.5% mulberry pomace powder
had the highest scores in color, flavor, taste, texture and overall preference. It is suggested that chocolate to which mulberry pomace powder
has been added may be a functional chocolate, with high antioxidant activity.
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ate], AAZIA FYPH 715 2Z e dFRe 39
T (Lee JY T 2003), 2HFR (Yoo LM T 2005), Ak
(Jung KP % 20006), o|AZEE3-5-5(Moon SW 5 2003), &
E2HYu OK & 2007), FFAREZ (Yoo KM 5 2008), A¥ ¥
72K Yoo KM F 2011) 7} 5o WA e Aol
2UE BuURE gz vgily £71de] FEsltd), 53,
Ca Bl K $hFd FAARRe] 247 140 9 2w o, HlEL
9C g AEe] 15w v @ol 3rEo]l JAthGo KC
1995). QU FFi(Kim SY 5 1998), FAF8HKim SY &
1998, Cha JY % 1999, Kim HJ 5 2000), 3128 Z(Kim HB
T 2001) 9 EFo] HuHY orje Mo FojHlicol=
9] d=9l anthocyanin® 2 (Hong V¥ Wrolstad RE 1990),
FEAOPIL JdF, FAeA|, AASEA, dntolex T
Aelggol Qv AR HIEHITHHavsteen B 1983).
Qote Hao] FEYHI o] wol EHAAY Fajy7]
AFERE, AAZ FEEAY o]8o] ofHiL FEAoRd M
v 97 ol EQMgete] eHE o] &g 71EAEe o]
AzEo] th(gung GT T 2005). webd Qe 8 nHig
FHAY dx Ev AFste w50 R JhEste] o] 8
ot ou, FAHERA W2 4] AAFuto]l e glov ¥
A2 AAPH o2 o] @A Katal HEF H7IAEEHIL 3le]
A H7E Ae vg 5o s AAFer  Bgg v}
e ot 2y erjdtdls gdio]l TR F 9
=, T EopHo|E gho] ol gAksldo] HoluA Rk
W), FAZMA etuks AF7FEAl o] 8st Hile Folr
7] o}, g, FAFute] gk AR e gut
£ o]&st dE2Y Ax g FA5(Kee H T 2000), v
gkl o|stehy SA4(Kang MY 5 1999), #HEEFEH
g ET Zekr o] =(Yang YT 5 2008), £U1F 2 9t

ub 2220 gz £7% HW(Kwon YJ % 2005), QUF
9 otjul Bbo] Steptozotocin 1 FkxF o] A wl ¥H

AA Aetet AP Filst miAel vAE JF(Kwon EH
S 2007), WA Erevto] mAAolE HHF <
AW AdhAreh hxzo] Jejsta wistel] WA J9F
(Zhang XH & 2010) T°] SIAT evus H71ek 7]6A
25l gk 7= mR|gk Aot

whebA, B Aelrs Fhtsk At Holum 3 ghgol
A3 g9 28 3 (Kwon EH & 2007)7} & LudS
o] e 2EG Hrbete] WE oudt 2EHL V]
3 AFoR TheAe] Slvkal #dEo] 2FEl A|lZA
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WE7](Ultra  Low  temperature  Freezer, Ilshinbiobase,
Dongducheon, Korea)Z H< F23tt I8la F27x%
(Freeze Dryer, Ilshin Lab Co, Ltd., Korea)dt T 3l A}
833t

t}3  ZE3l(Chocolatede Couverture Noire Excellence,
Ballycallebaut Chocolate Co., LTD,., W7]ol), Fo|E %ZF
(Chocolate Blanc Satin, Blanc Satin, Ballycallebaut Chocolate
Co., LTD., #7]d)), Ao} E(ZH}HEI100%,ECC N. V.
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’ Tempering ‘

| Tempered dark chocolate from 50C to 31T

’ Molding ‘

| For 15 min at room temperature

’ Mixing ganache ‘

| Tempered white chocolate from 40C to 29C

’ Mixing ‘

| Added with mulberry pomace
1) Whipping cream
2) Cocoa butter
3) Mulberry powder

’ Cooling
— For 24 h, at 4C

Fig. 1. Processing procedure of mulberry pomace

powder chocolate preparation,



Table 1. Recipes of chocolate added with mulberry pomace powder

Ingredients (%) control 0.5% 1.5% 2.5%
Shell Dark chocolate 70 70 70 70
White chocolate 216 21.1 20.1 19.1
Whipping cream 24 24 24 24
Cocoa butter 6 6 6 6
Mulberry pomace 0 0.5 1.5 25
Total 100 100 100 100
3. 428
22oe) FRTFS 2} AR 15 g8 Aajel HAeld 2
ZA71(ISCO, US/Retriever 500, Sartorius, Germany)Z A}-&8}
o 43t AlEe 33 WhE SAste] O Haws T8k
k.
4 pH H ME

pHE AOACH(1990)9l oJ3te] Al& 4 g& 36 mLY] FFHF
9} 34 ¥l Bag Mixer(Model 400, Interscience, France)®
A3 (speed 7, 2 min)3FGTE. 3,000 rpmollA] 1587 GAIE
g3t & A FHde] pH meter(420 Benchtop, Orion
Research, USA)E &4 3}t

s ACACH(1990)°l] oJ5te] Al 4 g& F]8ke] 36 mL
o FH/HTFE HUIsle] Bag Mixer(Model 400, Interscience,
France) 2 &3} (speed 7, 2 min)3}3ITh 3,000 rpmolA] 158
7+ AAEEEE & AN 10 mLE #H3le] 0.1 N NaOH =
o]-g3te] pH 837HA =EF -—tﬂ 23k NaOHHFH(mL)S
acetic acid () o2 Shaksle] 2ABFES E ST

5. 9T Y shlet
o= A8 5 gd FRF 45 mLE FAIS T 3,000

rpmollA] 2083t e sto] FAE FHake] FEAN-IE
Brix 0-32%, Atago, Tokyo, Japan)& ARg3}e] Z&A3}3ic)

g2 AR 5 gl SRF 4S5 mE AT F
Dinitrosalicylic ~ acid(DNS)ol] ~ 2]&F  H]2H o TR =A

(UV-1800 240V, Beckman, Fullerton, CA, USA)E A}g3}e]
550 nmollA] FFE=E AT BFIFHL glucose(Sigma,
St. Louis, MO, USA)E TEHEZ vFSA|A ZAI3}SIc

6. M

A= A2A| (Digital color measuring/difference calculation
meter, model ND-1001 DP, Nippon Denshoku Co. Ltd.,
Japan)E ARE3}e] Hunter LZE( lightness), afk(redness), bak
(yellowness) 2 AERL(AAAF)S S43}9th. Standard color
valuex= Lt 12098, agt 0.013, bit -0.83, AEZL 0.00¢]
calibration plate® EF0 2 AFE-3IT}

o
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2259 SJolr7] 98t Texture
analyser(TA/XT2, Stable Micro System Ltd., England)E A}-8-3}
o] probe(@ 3 mm, cylinder type)=S ?j: 23] FzElS
dofA= -AIFF A2 RE HE(Hardness)E S48
ZEE2 3x3x1.5(eme U A7|2 Ao} ARgsten
1719 Z2AZAL Table 29} 2},
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Table 2, Condition of texture analyser

Pre-test speed 2.0 mm/s
Test speed 0.5 mm/s
Post-test speed 3.0 mm/s
Distance 5.0 mm/s
Load cell 25 kg
Temperature 25
Type Auto
Force 5g
Probe p/5

M

8. & Phenol &zt &M

s % lo] phosphomolybdic acid®} #Hg-3le] A&
Yehll= a4 o]83 WHO 2 Folin-DenistH(Singleton VL
9} Rossi JA 1965)9] 93l =A3}3tt A& 1.5 gol methanol
50 mLg ¥ F 12ARF F9F 2 wwkgk F 3000 rpmOE
4CoA 1087 AR 3he] dojzl A M-S evaporator=
s et FEER A FEE 200 mg? 1 ml
methanolS 718t 200 mg/mL =9 FEF §9& A%
ste] Alg §Ho 7 AMEETh SHS 2.5 mLol| 0.2 mg/mL
= §]/\4—3]_ Al 0.33 mL, Fohne Denis 0,16 mL, Na,CO; ¥3}
oS Wi 3087F kA7l & 760 nmollA FHES =3}
Aot F dAsAEE e FFEAHL wannic acid(Yakuri
Pure Chemicals Co., LTD, Kyoto Japan)E ARE3}IT},

9 £ flavonids &2 £AM

[LE
2 DavisS 43+ HH(Chae SK 5
Gt AlE 1.0 goll 75% Ethanol 50 mL
< e ? 18A17F Fot 2 wwkek & 3000 rpmO 2 4T ol
A 1087 AR ste] Ao AA NS evaporatorZ 81
L = 100 m g 2 1 mL 75%
EthanolZ 7}t 100 mg/mL & 5 $98 Az}
o] Alg fHo 7 A3 }‘] uLoﬂ 90% Diethylene
glycol 4 mLe} 1 N NaOH 40 L= HOJ Z wuksk & 37¢C
AN VI W3R F Aoz W] durda B 4
AMG Fsho] EFF=A(UV-1800 240V, Beckman, Fullerton,
CA, USA)Z o]&3dte] 420 nmold EFF=2 ZA3qd &

ES ﬂavonoid ‘Q%‘t
93}
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EHico|ls FhgFe] #
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10, DPPH(1,1-diphenyl-2-picryl hydrazyl) 2lC|d s

A& 1.5 gol| methanol 50 mL< YL 3 1247 &
ek 3 3,000 pmleZ 4CollA 1087 AAEY
o7 MG evaporatorZ EUE 3} his
ot F=E 200 mg T 1 mL methanols F7}8Fe] 200
mg/mL FE FEE &9 At AE §HoT ALE
FEEE MG AEEY 50 pLel 1.5x107° mM
DPPH(1,1-diphenyl-2-picryl hydrazy)-§2] 150 uLE 7}k 3 30
B Fo] BEFFEA(UV-1800 240V, Beckman, Fullerton, CA,
USAYE ol&3te] 515 nmell FREE S5 gz
A7RS00E Tl How AN F 7 wRd o 4
ol tig AgAeld etig 27kl 50 w7t He S
ol ICs0tS T3FTE.

Abspppyy - AbSgmple

Free radical scavenging effect (%) = X 100
Abspppy

11, Hydroxyl radical 2M&

A& 3 goll methanol 50 mLE ¥ & 1541 B9k 2
T 3,000 rpmO & 4ColA 1087 94 HEldte] o

A AAMS evaporator2 FUE FEele] FEEW Ao
200 mg ¥ 1 mL PBS bufferS 37}8Fe] 200 mg/mL
Adg Azst AE EHoz ARSI

mM deoxyribose, 0.1 mM ascorbic acid, 0.1 mM EDTA, 0.1
mM FeCl3, 1 mM HO, €94 247} 0.1 mLS Yol & avl
g & 37ColA 1AIE B WESAIHTE Wkl Ed T 2%
TCA €47 1% TBA §9& Z 42 F 100ColA 2087t
RS § AeoR Yzste dawElst ¥ A dS At
o] E3FFEA(UV-1800 240V, Beckman, Fullerton, CA, USA)
& o]83tY 532 nmolA FHE=E Q3o gud A
< o] Hog Ak F 4 s fud A
st A oA gud 275 0] 507t HE F=8l ICs

AbSpiank - AbSgmple
Free radical scavenging effect (%) = X100
AbSpiank

ouut 2 Wb 2Felo] Ui deAe VEee B

T 7R W] Hrketeltt VsE HAle 37t
E gk, o, 227, AA- 7)aze] o
o] 74 Hxd v Atk 7d e FhE AEEY
ety 2)Edoksty sy 35S gides dsHE 4
9, AEEAS oM oudk dhut orjul, 233

oA F e B3 s A A28H Al4%5(2012)

ARl et Fatheta AFIdetd tsddst s
A Tl AP o A Fd S0 tiE w53 o
HAAE Fol Adde 15s ddes 7 HERad v
ofeh, 74 v Avhe ARSI Alse Al AR dEE
#7718 A8)E Aol Ho AIAMSFAAL, T AR el 1
A FFE 2017 S8 wd 23 7 Agstid.

)

s
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13, SAXz2|

RE e 33 vHE SAste], Jagom Yehlilon,
SPSS(Statistical Package for Social Sciences, SPSS Inc., Chicago
IL, USA) software package ZZI Foi| FiHEN
(ANOVA)S AAJate] fo]ido] gl ¢l Duncan®] vt
74 (Duncan's multiple range tes) O 2 A|87FY] o3}
53 ATHP(0.05).

A7k 228l FEE s AT 4
= Table 37 2o}, FEGH ovul 2% A7k 0, 0.5,
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Table 3, The moisture content, pH and acidity of chocolate added with mulberry pomace powder

control 0.5% 1.5% 2.5% F-value
Moisture (%) 3.70+0.35™ 3541054 3,0510,17 2.90+0.73 1.80
pH 7.0+0,02" 6.84+0.12° 6.77+0,02° 6.7120,61° 957
Acidity (%) 0.0183+0,0002" 0.0386+0,0001” 0.055+0.0001¢ 0.094+0,0001d 1216520

All values are mean=®SD

ns

* not significant at p(0.05.

“": Different superscripts within a same row are significantly different by Duncan's multiple range test at p¢0.05.

“p€0.01, “p(0.001

1.5%, 2.5%A F=5 2427t 50, 51.0, 51.3, 51.3° Brix, 3¢
T FFE BT 1630l v £ 7} 0.5%
2.15%, 1.5% H7REe 2.24%, 2.5% F7kES 2.25%5 YER]
o] eul & Hrkge] IIEFE BT IFE Ut
Aout A7k el fFolHel atole (i ot
o] 3ol I7HETE Bret 7ol FUksH=d oHrt
Shsl e T8 Faldel glucosed} fructoseE €18} (Lee
HW 5 1998) S7Fh= AR At

Table 4, Sweetness and reducing sugar of chocolate added with
mulberry pomace powder

control 0.5% 1.5% 2.5% F-value
Sweetness ns
. 50+0.00°  51.0£0.10 51.3+0.06 51.3%0.15 1.30
("Brix)
Reducing A _ b b _ b
1.6310.29" 215+0,04" 2.24%0.02° 225+0.05 279.7
sugar(%)

All values are mean*SD

™! not significant at p{0.05.

I Different superscripts within a same row are significantly different by
Duncan's multiple range test at p{0.05.

“p(0.001

ouul Euks Hrish xZele] AnE Table 59 L)
HEE Yehle L3k gizTo] 37480130, 2ujul £

Table 5, Hunter color values of chocolate added with mulberry

pomace powder

L a b
control 37.48+0.16" 4.41%0.19" 4.3840,06°
0.5% 26.15+0.54” 47140 39" 3,0340.05°
1.5% 23 47+0,08° 5.49+0,03" 2.2140,05°
2.5% 20.65+0.07" 5.93+0.32° 1.45+0,02°
F-value 11854.2" 2886~ 25187

All values are mean®SD
“: Different superscripts within a same row are significantly different
by Duncan's multiple range test at p(0.05.

“p¢0.001

of F7hol I7IRtl wEt frelHom fHadhs Aom
(p(0.05) UERFT. AMNES Yehls aghe tizwo] 4.419]
a1, eojut o] HrbFe] F7Me wet felHow F
7F8FSITH(p0.05). ol Qufut Eike] Hrhee] FriErE
ot He Ag vehlie tEACR Mavt S7fete]
AAETE AR Svkske Ao AlsdEdh F49] bike
tizzo] 438013031, vt Fd Hrhke]l Sl whel
frelHos ZaahSlth(p(0.05).

5. 71 A

ouur FEs W 2EYY A=E
Table 63} Zth iz 553.0 golaL, 2HEr & 0.5%
7R 6625 g, oujd B 15 25
ARre 8438 gor ordt B Hrkgel Uit
FoHog F7eFATHP(0.05). BEA 2F3le AE &
A bl weE BRI UKy OK &

2007) B Ashsl $ABIT

Table 6, Hardness of chocolate added with mulberry pomace powder

control 0.5% 1.5% 2.5% F—value

Hardness(g) 553.04201" 6625+193" 7375497 8438+209" 1705

All values are mean+SD
“ . Different superscripts within a same row are significantly different by
Duncan's multiple range test at p{0.05.

“p(0.001

6. & Phenol &2t

ot FuE 7Kg 2F8le] ¥ phenol FEFE FT
A= Fig. 29 o Zz7e % phenol $EFES 0.
mg/mLo|21 0.7, QEjuk R 050 H7EL 0.27 mg/ml, &
ok B o150 H7HEE 031 mg/ml, QUjsk B 250
A7 032 mg/mlE, 2udt B ko] ZUlskEE 2
phenol ¥ko] F7}8F¢itt. Park NY(2009)2 Znbs H7b 2
Zolo] Aol Svks 2239 F dw 3 Svks 9F
S 3%, 5% L 7% 7 dizTel vls dE el =
or, upguker] 235l F st A4 1749
ghefo] Z718H=2 Z7)3)ol(Back SI 2009), E Tte] A8

Assl FARRSI.
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Fig. 2. Total phenol content of chocolate added with

mulberry pomace powder,
All values are mean*SD
“' . Different superscripts are significantly different by Duncan's
multiple range test at p{0.05.

e %7}6& i%’—%ﬂ % ZHEkolE SRS
A= Fig. A7 0%, 0.5%,
1.>%, 2.5%01 4] %E}EOIE ‘@—%]:‘C 747} 0.151, 0.154, 0,159,
0.161 mg/mLe2 Qujul Hulo] dleko] Zyld-2 2 Z)
iLO]‘: SteFol F7lsklct. #HeFeke] b An 2ZFHe

% St olE FHFe TS HUehAl e 2ESE
13‘r HAFut Hrhgol 715t wet & FepEico|lt Jh
o] Frkete AoZ UehkYoo KM 5 2011), £ ¢T¢] 2
d Aol Ak BEe VERSIT

0.25 A
= 020 A a
£ b a
= b
E 015 4
]
=T.]
]
t 010 o
-4
0.05 +
000 H r r T
contral 0.005 0.015 0.025

Fig. 3. The total flavonoid contents of chocolate

added with mulberry pomace powder,

All values are mean+SD
“I: Different superscripts are significantly different by Duncan's
multiple range test at p<0.05,

8. DPPH radical 2Hs

ot ks Hylsl xZ8l9 DPPH radical A75S =
Ae Ad= Fig. 49 BT DPPH  radical Z:\_ 4%«]
IC50(DPPH radicals 50% AAAIZ1E=dH Q3 o)k o
279 A9 21.684 mg/mLo|YL, Qrjuk Bt O.>% zdﬂrr—f

RN Fx e E A A28A A4 012)

L 21,151 mg/mL, 1.5% A7}EE 19.298 mg/mL, 2.5% A7}
T2 17.720 mg/mLe 2 QUul Bk Hyleko] ZUELE
DPPH lacmal 7%*0] =7 et ol edd 22 Hr)
2239 F dE Id=krFg 27 F ZEHol= (g
3)0] sz:rLOH H3ho l'=7ﬂ v A} dX3sitt. Ak =
Z39 HUZ AT FAE HUkete 223 E AZRIS
b =F3 AAY gz 2ATEY & EAEE B
= Hil(Yoo LH 5 2008)¢} At XEFgloMz Axk A
77 U7 AATE =oledl JlofgithE AF(ung KP 5
200009} o] 2Fel AAN AFete AHY ovut s
A7be 225S AT o o B2 sl 2 7
T & Aozt AlEH

25 A
20
-E‘ 15 o
"
E
‘3 10 4
5 -
a
control
Fig. 4. DPPH radical scavenging activity of chocolate

added with mulberry pomace powder,

9. Hydroxyl radical &Hs

oyl Bakg H7lelt 2F8l9] hydroxyl radical 2AH% =
ig 59} 2t} hydroxyl radical 27%¢] 1C50
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Table 7. Sensory intensity results of chocolate added with mulberry pomace powder

control 0.5% 1.5% 2.5% F-value
Mulberry color 38+13° 53409 58407 6.340.9 183
Mulberry flavor 15+12° 43412 48+10° 48+09" 0.79
Sweetness 51411 49410 51407 55410 4163
Mulberry taste 15416 47411 53+1.0° 60408 644"
Hardness 4.6113" 48+07" 55407 58109 2615
Chewiness 38+14° 47012 55+0.7" 5.9+1.2° 14.03"
All values are mean£SD (1=very weak, 7= very strong)
™: not significant at p{0.05.
'd ¢ Different superscripts within a same row are significantly different by Duncan's multiple range test at p(0.05.
p(0.001
Table 8, Sensory preference results of chocolate added with mulberry pomace powder
control 5% 1.5% 2.5% F-value
Mulberry color 4.6+1.2° 5.2+ 12 57417 52+ 160 1868"
Mulberry flavor 15 16" 47+ 16 50+ 08 50+ 1.3 553
Taste 45+09" 52+ 09 59+ 1.0° 57+ 1.1° 39.06"
Texture 4.8+1.1° 55+ 08" 57+ 10 58t 13 951"
Overall preference 44408 52+ 08" 6.0+ 09 49+ 16' 581

All values are Mean®SD (l=very dislike, 7= very like)

ns.

: not significant at p(0.05.

“4: Different superscripts within a same row are significantly different by Duncan's multiple range test at p(0.05.
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