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Quality Evaluation of Chocolate Prepared by
Addition of Calcium Alginate Gel Beads

Containing B-Carotene and Orange Flavor

Sok-Jin Kim

Department of Food Industrial Engineering, Graduate School of

Industry, Pukyong National University

Abstract

Sensory qualities of chocolate produced by adding the calcium
alginate gel beads containing B-carotene and orange flavor were
investigated for the improvement of preference in chocolate product.
The beads produced by adding 0.5% B-carotene, 0.5% orange flavor
and 1.6% alginate had 93.42%, 3.22 mm and 3.96 kgf for the

spherical shape performance, size and busting strength, respectively.

After adding calcium alginate gel beads with 0%, 5%, 10%, 15%
to chocolate product, the produced chocolate product was conducted
by the sensory evaluation. In the dark and white chocolates

containing 15% bead, the strength of flavor was strong, while in



the dark and white chocolates containing 10% bead, the
preference was best among other sensory quality characteristics.

Two mean values on preference of the sensory evaluation in
the dark and white chocolates were analyzed by S-Link system.
White chocolate on adding calcium alginate gel beads containing
B-carotene and orange flavor was more proper than the dark

one.
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&89 98¢ 77t e F8 A olZEgter Fdvl,
Fgotaets] H7EEQHE, JzF 10%E o] dE Addse =7te
12745 Axoldt. 2 F ofolHuAAEA H AA FFHe
35%<1 T90%HEC]l MarHE slow, Babd (16%), 7hd 15%, &
doj Aol 11% 9 oz Aasz v

Ze] FoHE 2FH] d& SAEFN Y9858 2FHE ¥
3 ek Az 28000, 1 F AH AS £ dAE B dAES
8 o) 7 2] (Window Bakery)t} &€ ®lo]#¢] (Hotel Bakery)ol €
F80F FEHYE 4 1dd 6508 AR Aoz fdAdA
Hata, ZAzto]l= (Franchise) A% Qd2Eo] wloj7]g] (in-store
Bakery) SolA 24 FUste 2F7A xdatd dolA A
o) 17t 2FE AW FE 10004ES 23T Aoz Bk 2F
2 T8 Ao m=d 1980 Fuke] Fgsty] AlFslA A w7t
A FdEe Al o a5 2FY A Fol ARHWA 2F
2 Abgo] FrtetHA Fd el wolva e FAER v (4,
2003).

Hitoll= Ad At 7139 ®wig 22Y A5 SN &9 wo] A

Apy
ofi
)
Oft
e

del i AFE AN Fol weh nF zIeel oe walel A
WA AbB o] Sola 53 A TR ANTE 5E&2

g AFY art g Aow ddrn dn (3

B

4
{
1

o] i



i o], 2003).

A xR EAsE A ttERERA AR SE4e
A BAZA FF+ D-mannuronic acid® L-guluronic acid=2
Ao 9lon 14-glycoside AF o2 AAE o] Ytk (Cosby, 19905
3%, 1999 1, 2001 W A, 2002; skeb =, 2000).

A7IAE Golof AFol g WAE wW 249 JEFo|TI 1749
ol e dol& wihel 9late] 3xde sitnAFow HA ¢
gele dAE 4+ Ut} (Choi and Kim, 1997; Grant et al.,

y

-

g%
1973; Hang and Larsen, 1962; Haug and Smidsrod, 1965).

obzlAbe da F2 oz gh uAdE 9 FAE HEXE 2
A5l Rl dztog s Y beadsE AHFTA ol &He HAFT
Aol Fu A gel WV E oyt Fekel FEE AA, T
&, ajghib ] eglelaA S #e Al g3E A AE A
Aghe #ak Aol wEE HAF o HolAA dF B Y FHs
HE Astadrt A2 Buddr (Ito and Tsuchiya, 1972
Tsuji et al., 1974).

i 2= A Ao AFe ugste 39 5@, =
25 AFAF FolA 2FH AF W 4anAe] +87F T
gl wel &Y AFol Bu dYstHr nHES Hobe s
A2 Fale] w3 E LG A|E el H7bY calcium alginate gel
beadsE &8st 1 ol JhEAE Lol A B A=
beadsol B-carotenes} 2 # x| 3F& H7}sto] calcium alginate gel

bheadsE A Z8t1 beadse +3, 27, 349 4% S99 HH =4



< THsA

ol & B-carotene® LHdA|ge] H7Fg calcium alginate gel
beadsE dark ganache cream} white ganache creamol Z}Z+ #H
748t dark 2257 white 29 AMEE Asto ZHzHe] 2F
gl AEo A7 dd, Fo AE, WRAE V|ZE 5& BFHA

i

A, #5HALY AE5E V|22 dark 2F3H Y white 2 F
% B-carotene?} £ #AAEE H7}3 calcium alginate gel beads”t

EA
o] A Fo) o A box graphE E) HAIZ=E FAE A}
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1. A&

Beads AZE $13 geld} A8 2 4NN EE (Katayama Chemical
Co., Ltd,, Japan)?} St 8 71AlZ 54 d3bzd+ (Yakuri Pure Chemicals
Co., Ltd,, Japan)2 AF&-sich
B-Carotene, 2 :MAFL (F)Fol| 2HAL AFE AR sFATE

=58 AXE 93 dark 223 FFAolufA~ 429%, F5IoHHE
151% 3%, white =F8L @I E 30% TFT LAA L
satel AFoly (F)AYAH N GAA FUHE AFoL AHESIE
c}.

2. Y

2.1 Calcium alginate gel beads®] A%

A71Are] Fxol| WE beadd S HAAE 1S olr ] st
o f (2003)2] Wi mhe} ¢1aks ZH2 08, 1.2, 1.6 2 2.0% (w/v)
o] vl& = 3ilvh ol P-carotene 0.5% (w/v)e} L@z & 05%
(w/v)& H7Fatsdch.

Ftg M2 peristaltic pump {(Cassete Tube SMP-23, Eyela,
Japan)& o] &3] #-£ 006 mL/sec® A& FHe AA=o



=2 (WA 164 mm, &7 240 mm)= 28 45 400 rpme 43}
A (2%, w/v)AZE 7t A &l A& she] 2087 AASIA I F
FM st gste FRad AFstAtt. AHE beadsE 27, 7%
e 24 2 7 2498 HAAste HAH a0z A beadsdl
gk AP AAE AT

izl PPN TS vz 2718 54T o dojd A4l

& v Mee Mpgn BAHY

-~ = o
FHAE 8 = g X100

2.3 Beads® 17]) £4

At 4 (BX-50, Olympus, Japan)2 o] &3] 40u]9] v &=
#2354 Image processing software?] Image-proplus (Media
sybernetics, Ins., USA)E o] &38le vj=9 a7]|E 574 F 29
= ool F AN A4S Aol 1 Hegies gl

2.4 Beads® #9740 x =

Alee dd ey 474 2EE Az H=S Y 2
o] rheometer (Model DR-100D, Sun Scientific Co., Ltd., Japan)
= Atgste] SA-stgArt ol AFE3F plungers= A7 10 mm2
AHdE & ARk

|



25 B-Carotened 2 # X3¢ 37 calcium alginate gel

beadsS #H7}3 ganache cream® A=

d

Ganachet= Z g TR ZF3 A vt el B
2L 3o we adgolrh 7EL vyl AAHEIN 2 F
o] 1112 wWigstAvr AFo wat &8 o] "dYdE 7 A (o],
2002).

Calcium alginate gel beads& #7}$t ganache cream$ U&7
2] dark ganache cream® white ganache cream®. & THE 31U}

Dark ganache cream< Table 13} zro] wigstd i, white
ganache cream< Table 29 7ro] wjghal g}

Dark ganache cream AZHFAS HAA ZA ¥ dark 2FHS
71 stol FEug v AA"E EelA @ #E dF 2
113l Al dark 2F3o] e &7 Ko AoFHA I}
Bl % &4 A o]Fo] dark ganache cream= A Z3lg o).

White ganache cream A Z4A& 2A % white 2FHE 87
of grel Eulstdet. 3ol HE 45T A Fof #Fugr. A=
HE FHolA 90T7HA dl9 white 2F3o] e 1R Fo
AolFmAl v %2l 2ot BHE ol E3sled white ganache
creams A £33t}
A o] B, 2F32 2Ado] Wy o] HAE I
Aol A da FYF-EAATE Aol 7] AFste HAE
Hojof Hefo] Aolddtt (= &, 1998).
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2t E dark ganache cream™ white ganache cream® %8
AHBCE FAZFFEA =g, 715 AAFT calcium alginate
gel beadsE Z+zte] Aol Table 1 % Table 29 wiguje} 7ol
B-Carotene® 2 # A 3ol H7}H calcium alginate gel beadsE 0%,
5%, 109% 2 15%2 ztzt £§38ld dark ganache cream¥ white

ganache cream®& #| &3t}

- 11 -



Table 1. Recipe for preparation of dark ganache cream

with and without calcium alginate gel beads

(Unit: g)

Calcium alginate gel beads (%)

Ingredients
0 5} 10 15
Whipped cream 100 100 100 100
Dark chocolate 150 150 150 150
Cocoa butter 50 50 50 50
Beads 0 15 30 45

_12_



Table 2. Recipe for preparation of white ganache cream

with and without calcium alginate gel beads

(Unit: g)

Calcium alginate gel beads (%)
Ingredients

0 5 10 15
Whipped cream 100 100 100 100
White chocolate 150 150 150 150
Cocoa butter 50 50 50 50
Beads 0 15 30 45

_13_



2.6 B-Carotene® 2 A A3F 3t/ calcium alginate gel
beads& #H7}3t dark ganache creamS ©)-%3F dark
zE8 AEF9 Ax

Dark %3 500 g& 43C~46TE =o FH|e 3 AL (20T)22
iy F3 4 digMatgdel %A dark 2FHE 2B3AEE F
of 2Ed (F2)2 ol &de] 2EEE AT EUvE WHEF
g8 (tempering)4t}-E sk (o], 2002).

gy e sHA MY T AE dark 228 2EE 26T
~21CT=2 FA=E"E A F& 1/39] dark 2F3o| U= €7]9
gdol HFTLLE 30TE 23U

- Fgo] Ed dark 2FHE WA 228 & o ¥
stal W§-9] dark ZEFSle] Zed Table 12 wWivi=
dark ganache cream& W5l 90%71 % A9 WA (8C)olA &

P |

A g

rlr

tie

2

| =

e

At & dark ganache creamo}l = & 9%l 30CE #FA3F
= 5% dark 2FEHE POl 9WE YAvh WF A dark
2FY A Feo] &H3] FoW EA whidic

9 Az AAHE T3] Table 121 ol 2|3 B-carotened 2.3
Z|8F $}§-5li= calcium alginate gel beads (095, 5%, 10%, 15%)
A1 dark 2EY AFE ALSdAH

-14_



2.7 B-Carotene® @A 3 T { calcium alginate gel
beadsE 37} 8 white ganache cream-2 ©]-& & white

239 AF A=

White 229 500 g& 41T ~45CE o] Fd|stn A2 (207)
2 #FA% 2ZHE Ay B =< white 2FHS 2834 S
o} 28 E5y ()& o] 8dtd 2FHE G ZUHE WHE
i 2o E (tempering) 34 E AT (of, 2002).

e g sldA A 23 AL white 223 255
BC~26CTE FAHE Al 2 1/39] white 2F38l0] S+ &
7lol] wol HEFLEE 29TR WFAL

2% el Tt white 2F3 S WA 2EFS E U zH
S st H-9 white £Z3o] £ oW Table 28] Wigv2 A x
¥ white ganache cream$ WH-ol 90%7# A9 @5 (8T)o
A 28}, &2 white ganache cream®| A= & &£ 29CTE
FAshE ¢ white 2F3S FolA f1WE G WALl A
o] ¢A3] Fow EollA] whiic)

A Az BAHE T3 Table 22 vigol 2 B-carotenert <2l
28 353l caleium alginate gel beads (0%, 5%, 10%, 15%)

713t white 229 AFS AR FA .

HH

whiteZzZ & =

_15_



#3574}

Table 13 Table 2°] wigvlo] whel A =& dark =F 3, white
&y AFE 22 beadsE 0%, 5%, 10% % 15% H7F+E H
Aol gol A@eo) Sl AMF dHal FulE AHAAR FA
7 98 7bA 2RSS F3 A g #ey 79L& Hde}

At
A2 B A] 24 FAAYgHEsa A 209s e
2 AAsgion &9 ubg R gz dle 17} == S48 3

ArL doll AAjslo] HALY 3 Al @AE HUE Folnat sk
o Ade Fitols A FEHAIE S Fske 2 HA) i
Mol A& 78k

WsAdAY] W2 Table 37 o] &9 #Hx 9 7]|&% (flavor
intensity and preference test)2] &

]_
analysis, QDA)2Z 9% HHAWE Fol dds WAy agzs

e vaniEE 2 Es
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Table 3. Evaluation sheet for dark chocolate and white

chocolate by addition of beads

Name Date

The samples of bead-added dark chocolate and white
chocolate were provided to testers. Indicated the score from

1 to 9 at each item for all samples.

Samples No.

Item
1 2 3 4 5

Texture (Chewiness)

Appearance

Flavor intensity

Internal color

Overall acceptability

-17 -



1. p—Carotene™ 2 AA 3 A H{ calcium alginate gel
beads®? 54

A714e] o T2 beads®) 547 HHA 2 218 Shotr7] st
of A712HS ZH7} 08 1.2, 1.6 2 2.0% (w/v)e] v &= 3t
olw B-carotene 05% (w/v)et L #:=A|3F 05% (w/v)S H7Fetslth
3898 peristaltic pump (Cassete Tube SMP-23, Evela, Japan)
Z o] 83l % 0.06 mL/sec® A& FHo| AddH U= =2
(WA 164 mm, 9174 240 mm)= ¥ 5% 400 rpme |3@dF
(2%, w/v)A 3l 7} Al &ofol] ZHalate] 203 HASPAIG T A
stal gg8te] Fi ol A stk A AE beadsE 27, 7HEE

&2

o AAFtd Yoz AEH beadsE o &

_18_



1.1 Beads® 73A%

TR AXE beads?t Ltk 7o Fejel AhestE o
A A7 wRe) 2ok ge W, & FYAFO

=
10007} & w7l ehde o Pl e & 5 9

<.....4

0

i

o

of &71ak vl &S 2 FHUA beadsE Alxstd FEAATS S48
At

1 43, Fig 194 Hi= vhe} o] &4 H7b vl&e] 08~
2.0% Atolol X FRAAMEL 91~94% = vebgton] Az whe] gl
e B I < e e v e a2 o B ] v B et = B B L S B
Y7Hu] 8o} 16%AA TEAFTL 93.42%= 71 =4 YElRh

B-Carotene 0.5% (w/v)®t A3 05% (w/v)E Hd7tete Az
3 beadsell 9o} ¢ FEERE IA JFE WA G o=
Helth 44 5% 08 16 ¥ 2.0% (w/vielA 2 o]z} vhepA]
o 1.2% (w/v)ollA beads F+3E& FAHY o2 HA A3
5% ol wFEolA fodArt e Aos ekt

_19_



98
97
% I
95 |
924+
923 I
2
91
9 -
89 -
88
87 |
86 -

85 1 1 1 1 ] 1 L
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 22

Sphericity (%)

Ratio of alginate (%)

Fig. 1. Sphericity of calcium alginate gel beads containing
B-carotene and orange flavor as affected by the

addition ratio of sodium alginate.
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1.2 Beads®9 =7]

B-Carotene 0.5% (w/v)et 2. @A & 05% (w/v)e F7Fete &5
FEAR A2 beadsE AEFZFAA HE3IAIZ! F beads?] A7) F
ZAe 49, AAF 2= 3 mm WA Ao]E vehlA &=
o2 g 5ol ©E beads?] A7lE AA JFE ¥4 oE
2 AU U7 F =7t TR E beads?l 27]= SRS
W, Fig. 2014 B ups}h o] 7 #3bol) whe} ef7he] Aoli= UL,
20 FE 1.2, 16 E 2.0% (w/v)dlle AUGE &)zt velvA] 3%
C2b71ak 5 08% (w/v)oll A beads =17} HA 9 Fak A A
5% 49 FFoAM Fdart ds Aoz ®elt) Blandino et al.
(19992 w3t &304k w5 27 opyel 23 280l dojupe
AEZ A2 e whep A7)7F gepdnial shgvh & A A 1.6%
(w/viell Al 277} 322 mm= HeEbsh

N

A

o)

i<}

O

o

- 21 -



3.4

3.3

3.2

3.1

3.0

Bead diameter (mm)

2.9

28

2.7

0.4 0.8 1.2 1.6 2.0

Ratio of alginate (%)

2.4

Fig. 2. Diameter of calcium algmate gel beads containing

B-carotene and orange flavor as affected by the

addition ratio of sodium alginate.
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1.3 Beads® 347 %

HAF =7t Avde AL beads7t 99 A A5 IdFE
AA peve A4S e ERE TI9bE beads7t HAsGH L & ¢
At

Fig. 3.0l K& svpe} o] Axlske] H7iwisol wet 0.8%00 A
L6% (w/v)7HAl StE4 =7 543 F7HetAL 20% (w/vizkAls
2 &9 WzheE Holx] @ttt ojw AL FEE 16% (w/v)E A
= AgsdE w A 20% (w/v)H sdstA el FAESE &
T Atk

FE7F SR E 27t Avss A2 B-carotene 0.5%  (w/v)
et QA g 05% (w/vye H7bsks 2& 2A 9FE FA4 4=

Ao=g HAT)

- 23 -



4.5

4.0

3sr

25 F

20

Rupture strength (Kgf)

1.0 |-

0.5 ] ] ] 1
0.4 0.8 1.2 1.6 2.0 24

Ratio of alginate (%)

Fig. 3. Rupture strength of calcium alginate gel beads

containing B-carotene and orange flavor as affected

by the addition ratio of sodium alginate.
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2. B—Carotene® 2 # X3 34 calcium alginate gel
beads A7l =F 3] F297}

4714 1.6%, B-Carotene 0.5%< @A 05%F 71t A
%38 beadsE dark 2F8l 3} white 229 Z+ztel 0%, 5%, 10% 2
15% #H7beted 232 AFS AE8

Beads®ll B-Carotene® L @ RA|&E& H7lste] =& AF) &8
st Az AFe BsHA A3 dark 2FRLE 2o white 223
o beads?t ©] ZH3E Ao dddct

na

2.1 Beads A7} dark 2239 £4 H7}

Dark Z2Z %] B-carotene® @A g 3H{ calcium alginate gel
beads& 0%, 5%, 10% % 15% F7tsto] A5 HdAe] 438 Fig. 4
o “tebi i

BeH oA HAIFE beads 15% H7baeo] 7Hd =kar el
= beads®| H7bate] #Aglo] W=k

&9l = beads 15% H7bdol 7t A@ow Uy Mx=
beads®] FH7bate]l #AIRlo]l Bzt

713 %= beads 10% 7Hd FA BrhEACt. Ao #5HA 2
#HE & o dark 2EY el WF M= beads) F b
FAGe] v=F o beadsel H7leol B&EFE e A= F

o} "ol #Aa Ao eI V|55 E beads 10% H7M

_25_



Chewiness

Qverall
acceptability

 Appearance

Internal color * Flavor intensity

| @-0% 5% =0=10% -~ 15%

—

Fig. 4. QDA graph of dark chocolate as a addition ratio of
calcium alginate gel beads containing 8 —carotene
and orange flavor.
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2.2 Beads 7l white 239 ¥4 37t

White 228l B-carotened 9 @l %8 dhi calcium alginate gel
beadsE 0%, 5%, 10% 2 15% #H7Fst #As@A e AAE Fig. 5
o vEtyAdH.

#EAH gENAM AGLE beads 15% H7barel 7HE Eiu)h

FH = beads® FH7bdodl #Aglel ¥leFdon o FE=
beads 15% #H7lgo]l 71 Ao HEMEE= beads 15% H7F
ol 7b4 =kw Y13 %+ beads 10% 7H4 FA H7H A

Aol #eHA A7 E E uf white chocolate®] = beads?]
A7bo] BAglel Bl &dlth

WHMEF dark 2F 3 2oh= B-carotene®] white 2 F & o] B}
UatA JEtwoH beads® H7l#o] WEaE o A= FU

o} #3ztel Zk3k Ao g eyt 7| $ %= beads 10% H 7T

2.3 Beads 7} white 2F 8% dark 2F8 9 F4 47}
Beads& #7t3t white 229 % dark 289 dsHA 2345
71Zxe] ¥ #HF S S-Link system®4 3 d43%E Fig. 63 #
o] vtER A Th
71 43} calcium alginate gel beads”} H7Fe 2FH8 AFS

white £F%R°] dark 2FREY W dssivtz & 5 itk

_27_



Chewiness

8

\
|
’

Overall

acceptability e, .. Appearance
Internal color " Flavor intensity
—8—0% ~r~ 5% —0—10% —-15%

Fig. 5. QDA graph of white chocolate as a addition ratio of
calcium alginate gel beads containing £ —carotene
and orange flavor.
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&2
(M&% o 740 730
(Q3) Rl ‘?“ -
(Q3}
7]
: isc')nzt} @ | 545

290 | on
(Q2) 5.15
@n .
[{3]].3]

2.50
(MIN)
[QR=Q3-Q1=2.25 IOR=03-01=1.25
(dark chocolate) (white chocolate)

Fig. 6. Preference test of dark and white chocolate
by S-Link system.
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& o

228 AFY 7134 TS Adt B-carotened WA F T
¥ calcium alginate gel beadsE 27l38le] Az 22y A%
4 FH EAS IS

f-Carotene 0.5% (w/v)et Q3AAF 05% (w/v), alginate 1.6%&
A 71l A Z£8 beads®] T-8A TS 93.42%, beadse] A7 3.22
mm, beads® FI7 == 396 kgfe & eyl

223 A|Fo calcium alginate gel beads& 0%, 5%, 10%, 2
15% #drtete] 22 AFS e A5HAE HAZE A dark
ZZ9ol beads 15% T3 AF3 white 2F8 beads 15%
Fad AES Y AR AEA vEw s dark 2FE Y] beads
10% sH3k Al EF ¥ white 2239 beads 10% T-F3 #AFol 7]
7t b FA4 vER e

Dark &R white 2F%9 #5424 285 71529 F 3
T #E S-Link systemwA38 A1 B-carotened A=A TE i
&= calcium alginate gel beads #7F &3 A EH L white = F 3 9]

dark 228 R o 2ds #ow et}
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