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Effects of Calcium Chloride Concentration and Reaction Time on
Physical and Sensory Characteristics of Persimmon Calcium
Alginate Beads
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Dept. of Culinary Science and Food Service Management:
Dept. Culinary-Service Management, Kyung Hee Um’versily'H

Abstract

The purpose of this study is to apply molecular gastronomy and its spherification methodology to
persimmon desserts. We prepared persimmon calcium alginate beads and investigated physical and sensory
characteristics of beads according to the different concentration of calcium chloride(0.5, 0.75, 1.0%) and
reaction time(2, 4, 6, 8, 10 min). Lightness and yellowness were decreased significantly as both calcium
chloride concentration and reaction time increased. However, redness was increased significantly as the
concentration of calcium chloride and reaction time increased. Hardness, springiness, chewiness, cohesiveness,
and resilience except for adhesiveness tended to increase as the concentration of calcium chloride and reaction
time increased. The thickness of beads also increased as the concentration of calcium chloride and reaction
time increased. Quantitative descriptive analysis showed that voluminosity, springiness, hardness, chewiness,
and residue tended to increase as the concentration of calcium chloride increased. Overall acceptability
reached a peak at the persimmon bead containing 0.5% calcium chloride. The result of this study showed
that the concentration of calcium chloride and reaction time influenced the overall characteristics of calcium
alginate beads.

Key words: calcium chloride, molecular gastronomy, persimmon calcium alginate bead, reaction time,
sodium alginate, spherification
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{Table 1> Formula of persimmon spherification

dA|lo] E H|=9] Zald 2 #5A
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7heh A elEse® 42 ZWTHCI Co,
Korea), @& (Polenghi Kas, Italy)S A&-3151
th Zg Aol E H| =9 A XE 93 ARE
208 LA E(MSC Co, Korea)9t A3}z
(JUNSEI Co, Japan)< AM&-3}Sith.

2) 22 M=

A2 b SdEo] A%t A7 | thEAl
MFLo] AT F AA T} A, BAE A ABIA
/](Handblender Mixer, MR4050CA, Braun, Spain)
21 B & 49 UAE 9dl ascorbic
acid, HE5F= 27 1%(wv) H7Feksl
S Qe A 2%(wiv)E Hrleke] YR |
w1F 2eta e, rEe
(Viscometer DV-II + PRO LV Spindle No.3,
Brookfield, USA)E ©]-8-3t% 40 rpm, 20.7CellA]
700~750 cPe] gl Eo] =g AT THT
£ o] &3kl 2 F A XAh Al xE A
500 g¥ AxAgste] 20Ce] WeaelAd A%
SHATH L A3 2413 Aol AFeollA el Eate] At
239 tHKim JG et al. 1999).
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sample cﬁ;ﬁf&gg}) Persimmon puree Water Sodium alginate Reaction time

N .
(In water) (7o) (%) (%) (min)

Control 0.5 40 59.6 0.4 P
Cl 0.75 40 59.6 0.4 2
€2 1.0 40 59.6 0.4 2
RI 0.5 43 59.6 0.4 4
R2 0.5 43 59.6 0.4 6
R3 0.5 43 59.6 0.4 8
R4 0.5 43 59.6 04 10

C1: 0.75% concentration of calcium chloride
C2: 1.0% concentration of calcium chloride
RI1: 4 min. of reaction time
R2: 6 min. of reaction time
R3: 8 min. of reaction time
R4: 10 min. of reaction time
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dquidES AX A SAUCES] FEE
0.4%(w/v)2 13 3FATHCho M et al. 2005).
<Table 1>°l] AAE AAH AspAFe] 55
0.5%, 0.75%, 1.0%(w/v)= A3 etar, AT]e 43
o] E9} dAshzgo] AR 23, 43, 63,
8%, 100 ® HAstq 2z} A|5E Al x5tk

H|=9] |2 WS <Fig. 1>3 2] &t &
Aol E9] &3t BAFS: gl vl dA|u]o]
E 7|8 §9& njg] e AMSITh SRS
29.6 goll &t AHIC|E 0.4 g& Y31 60T}
HEE 7183 & 3037t YA{(Handblender Mixer,
MR4050CA, Braun, Spain)ol| 4] mHHA|A 4T3
AR Yo E 78§ vHEo] ) 7| EE
AAB7] Sl 2A13F o) FAAZ T A 24
A EEstel FHl A 40%((wiw), TR
SAY| E-S/HT Hlo]2 30%(w/w), ST
30%(wiw) S Aol 3027 A A 2 &

Distilled water 296 g
+ Sodium alginate 0.4 g

Boiling(60% )

Mizxing (30 sec)

ghrzalste) ] A 187 Al 43(2012)

Ao E-rd EFA S Azt AskdsE
gl =220 0.5%, 0.75%, 1.0%(w/v)e] L3}
45e

=

RG] HEE 0.5%, 0.75%, 1.0%WwWN) 4
Hol| ztz} ] FotrA 28 F<t Rt

urEsle] A%

Persimmeon pures 40 g
+ Sugar 08 g
+ Citric acid 04g

Mixing (1l mir)

Mixing(l min)

5 ml. Input

Distilled water + Calcium chloride(05 075, 1.084)

|Heaction(2 4, 6, 8, 10 min) |

|2times washing in Distilled water |

Take out

<Fig. 1> Flowchart for persimmon bead spherification with calcium alginate
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<Fig. 2> Picture of persimmon calcium alginate beads

28 2} Al (color reader, JC801, Color Techno System
Co. Ltd, Japan)E ©]-83l L, a, bE 53] ¥kE &
Betel B BEAAE Tekdnh of w AL
o E WAl gk Lk 93.84, a%k -1.26, bak
1.37°] 0t
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{Table 2> Instrumental conditions of texture analyzer

g~ =72 Texture Profile Analyser(TA-XT2
Express, Stable Micro System Ltd., UK)E ©]-&-3%F
TPAZ A&} 74 Z(hardness), 24 (adhesive-
ness), B2 (springiness), % ¥ ~J(chewiness), &
F A (cohesiveness), 54 (resilience) S 53] HHa-
St Fdd FEAAE FSTh olw A
&8t probe= A& 40 molA2H TPAS] 74 X
7S <Table 2>9} Zt}

3) TN =5

e QAOlE e e Adsie] g
WEES AAT 5, SR 33 wEsto] 4%
A9k 142 218 sfo| LAz AAT F 3
225820y 2417 B A A2AZE, o

Instrument

Parameter

Sample size
Plunger diameter
Pre-test speed
Test speed
Post-test speed
Deformation
Distance
Force
Time

Diameter 2.0 cm bead
4.0 cm
2.0 mm/sec
1.0 mm/sec
1.0 mm/sec
25%
5.0 mm
10 g
2.0 sec
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AE 3= /A & T 3HY Al AH8S A oe HdE = WA st ol E B

Bste] AEEE Z2h= 0.02 ime] wle]AZnE7] & sH7] flal Ao ol AHE Ve A=
(Vernier Caliper series 530, Mitutoyo Co., Japan) X Zd3ste] A5t t)
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Aepo| Z 22 AT F AF2(25:2T)0lA 2412 A, dAIRD, @& & 2 gt slek vl

A AZAIZ AR5 Bt u| H(optical micro-  F1)), 2Z(FEA, Tkl A%l #oizh S 11

scope, STEADY-T, Medline Co., UK)S ©]-&-3}o] 7] SES 7 A EE ALESle] 2451 7]

400uH vigollx HESFAT 3% ik AL 3k B A AWk 715k of
.

W WHE 9 Hd2e 454 33 o) 6) SAXC
Ze] A5 taste testingS k= A 3| gtw 22 BE A3 53] o] wkEd A3E SPSS
- AE] 2 gt st o w ARE 20~21419 1615 ol &dte] EA SISl Alg3ke] 5440

G2t 67, A} 6H-S Gk FHeH A A2 one-way ANOVAE ©]-&-3lo] £33 2
e glo} Expa e 719l spherificationol] T3l ™, p<0.05 FolA tEHe 7% (Duncan's
AP A S sle] R3] oldlAl7IE IS 4 multiple range test)= AA]Sle] Z} A g7te] B
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A 7R F ke e AL B R BA
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{Table 3> Color values of persimmon calcium alginate beads spherified with various concentration of calcium

chloride
Control Cl C2 F-value
37.42+0.09° 34.00+1.47° 27.70+0.12° 99.91"
a 10.83+0.19° 13.92+1.04° 14.19+0.23° 26.26"
b 29.2140.26" 27.08+2.86" 22.50+0.05" 12.74"

) MeantS.D. p<0 05
& £ll’cMeans in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range.
C1: 0.75% concentration of calcium chloride
C2: 1.0% concentration of calcium chloride
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{Table 4> Color values of persimmon calcium alginate beads spherified with various reaction times

Control R1 R2 R3 R4 F-value
L 37.42+0.09° 35.59+0.46" 34.54+1.00° 34.37+1.10° 34.06+1.12° 7.55"
a 10.830.19" 13.76£0.41° 13.94+1.35 15.02+0.22° 15.27+0.86° 16.43"
b 29.210.26" 27.96+0.22° 27.90+0.34° 27.25+1.19° 26.87+0.66" 1221

Y Mean+S.D. "p<0.05

2) abe

R1: 4 min. of reaction time
R2: 6 min. of reaction time
R3: 8 min. of reaction time
R4: 10 min. of reaction time

7} <Table 4>9} 2t}

HeE Jehi= Lk 2% Control > C1 >
29 oz Qaael i) Bl S Lat
& Yol & ZA3Hp<0.050S YA agke] A
$ Control < C1 < C29] £o 2 Jpdge
7} o T E aft woAlE A el ey Cl
7} C2 Atelell= Fel gt 2kol 7t Yl THp<0.05). b
kel A% Control > C1 > C29] £ 7 Asld4
€ B RIS bk bl IR
S} Control@} C1 Afelell& f23t xto] 7} 131
tHp<0.05).

S HES A7l WE 4 DA Y|0]E B =9
7% LaX7 bk ControlZ} YA A& Alo]e]
A el gk 2kol & AATHP<0.05). agk- Control
<RIl,R2 <R3, R4%| o= WHgA3to] dojd
FE aft2 718k 3 (p<0.05)= ESTh

=

sty

A o] = Wl =e)

Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range.

gl xS A et AR e wE g A
o|E H|=9] "lxd SHAI= 247} <Table 5>
9} <Table 6>2} 2t}
Za Ao E H| =9 A
Control < C1 < C29] ¢o.& Asldwe &
7t VTSR FoAlE A 3p<0.05)S HS
o WAz WE g DAU|o]E H| =9
I Control < R1 < R2 <R3 < R49] £o2
Al Aods Aret HilAe] oA
g Fxd
gy HolHo

T 1 Oy

=

AT

S o
o1 /V\]-%]}\é %

r]o o A

rlr T ooX [0 Hl ox

738K (p<0.05)% Btk 93}
P Zg GAMI0E Hl=9 g
ControlZ} C1 Afele] fefgk Aol7b ATt
(p<0.05). HH-g-A| b }2 Zg A0 E B =
o] &AL Contro,R1Z} R4 Alo]9] 2]3t o]
(p<0.05)E Ao EL2L ControlZ} R1, R2,
R3, R4 Ato]9] Tr94 g 24 (p<0.05)5 UKt
ok B2 o] 74 9ol & Control, C1, C2 <52
st ot frolgk xkol7t §11a1(p<0.05)
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{Table 5> Texture properties of persimmon calcium alginate beads spherified with various concentration levels

of calcium chloride

Control Cl C2 F-value

Hardness(g) 39.33+6.67" 79.73+2.30° 118.76+12.82° 65.82"
Adhesiveness(g.s) -7.864+2.64 -7.90+0.76 -8.30£5.6 0.01
Springiness 0.70+0.15" 0.76+0.06" 0.86+0.12° 1.44"
Chewiness 6.63+4.25" 22.76+1.86" 44.70+8.91° 3254
Cohesiveness 0.25+0.17" 0.37+0.11° 0.43+0.01° 261"
Resilience 0.09+0.07* 0.180.01° 0.200.11° 525"

) Mean+S.D. "p<0.05
2) abc

C1: 0.75% concentration of calcium chloride
C2: 1.0% concentration of calcium chloride.

Means in a row by different superscripts are significantly different at 5% significance level by Duncan's

multiple range.
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{Table 6> Texture properties of persimmon calcium alginate beads spherified with various reaction times

Control R1 R2 R3 R4 F-value

Hardness(g) 39.33+6.67°  52.90£091®°  68.13¢2.41°  9347+14.69° 97.33£13.47C 21.10°
Adhesiveness(g.s) 7.86+2.64°  -10.36+4.15"  -3.12+0.89°  -4.90+2.19°  -4.60+2.85" 3.30"
Springiness 0.70+0.15 0.69+0.07"  0.87+0.11"  0.90+0.05°  0.91+0.07° 3.39"
Chewiness 6.63:4.25"  15.8840.64°  20.5247.82%  31.1947.22°  38.96+7.65" 12.72"
Cohesiveness 0.25+0.17 0.43+0.03 0.35+0.14 0.37+0.06 0.44+0.06 1.55
Resilience 0.09+0.07" 0.19+0.01° 0.17+0.06° 0.16+0.04° 0.23+0.04° 2.88°

Y Mean+S.D. “p<0.05

2) abe;

R1: 4 min. of reaction time
R2: 6 min. of reaction time
R3: 8 min. of reaction time
R4: 10 min. of reaction time

2 Control, R13} R2, R3, R4 Ale]ol] 5-2]3F o]
S Holx| &k

olg| gt A= H|=9] Ho] Zhrd| el
5101 UE 2 F AU E

Lo W Atolgta & < Ut F HlE

/‘é% L] 0] E2] guluronic acid block¥} Ca2™o]
& ko] o] 2d g ostq A==, Car'et
LAY EL] 712 847] Alo]ollA x4 gl
oJste] egg box RFE| 32k TR ot
ZolthPark JS & 1997). =, LAH|o|E9} vk
g Ca>'7} drpt Eol EAishte] mhek egg box
ReFe] TR 4 Aot AR HER gt
749 %7} Z715E Control, Cl, C2552.
el U dTxrt A Aot
CI 5 2007). ¥H-&AIZE T3 dA|d|o| B} A5l
Fo] HkgEo]d A|7to] ZojX|= Control, R,

BT}

Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range.

o] Tk mE ZgLdAUlE H=

7 S ATt HEgA b e 2

H|=o] wt =7 S92 7= 22t <Table
7>3} <Table 8>3} £t}

A &4 A3 d3Age] v=E 2 7
F Ao E H]=+= ControlZ} C1 Alololl= &
AR ez Fof gk Atol7} §l9laL, C12t C2 Alole]
T ol @ Zpol7t K (p<0.05). WHAIZHE &
2]gk Zg YAV|°|E H|=& R, R2, R3 = L%
A|Zto] 48 68 8] H|= 3t T o] F7)3
u-¢- Zgkom folgk xfo]E Kol it

ol A & 1 Je &ate dA|ES}
To| 2 A% AU &
Aol ES 93 2%%-‘4 HEg-AIZe] S7bE o =
Y H Ca'o] & wj o] ¥]= ko] FA| 7} Bo
7V A ¢7] wjEo]ti(Cho M et al. 2005).

/‘\01—
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_IH~l

{Table 7> The membrane thickness of persimmon calcium alginate beads spherified with various concentration

levels of calcium chloride

sample Thickness(mm)

Control 0.24+0.02°
Cl1 0.31+0.06"
2 0.800.06°

F-value 88.24"

) Mean+S.D. “p<0.05
2) abe

Cl1: 0.75% concentration of calcium chloride
C2: 1.0% concentration of calcium chloride

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range.
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{Table 8> The membrane thickness of persimmon calcium alginate beads spherified with various reaction times

sample Thickness(mm)

Control 0.24+0.02°
RI 0.310.03"
R2 0.33+0.02°
R3 0.34+0.03°
R4 0.63+0.05°

F-value 56.20°

" Mean£S.D. “p<0.05

2) abc

RI1: 4 min. of reaction time
R2: 6 min. of reaction time
R3: 8 min. of reaction time
R4: 10 min. of reaction time

4. of X
Qalaere] o] nhe BEAOE U=
o] o 9} wreA 7l WE ZF Ao E

HlEo] v} 222 F3tEn| Aoz A& A=
2k7k <Fig. 353 2T} W& 4000he] A7) BEHA
Ao R BgdAdlel= Hl=el o p2E 27
A} o] Ashz

& ¥ A} <Fig. 3>94 HE 2

Means in a column by different superscripts are significantly different at 5% significance level by Duncan's multiple range.

%9 F5r} 2719 whet we] Ty Wol

A FEeHAl Btk S <Fig. 3> He A
3 o] wkgAIZte] dojflo] webx e 2] &
8-S WojAa FEE| Hole dde uF &
T AT ol A GAMC|E H|=9] whe] F
7 FAN FAE

o gelo] 92 2 5 gel,
=
i

Aardle] A T ke Z9)A Hm,

"The magnification was used x400

C1: 0.75% concentration of calcium chloride
C2: 1.0% concentration of calcium chloride
RI: 4 min. of reaction time

R2: 6 min. of reaction time

R3: 8 min. of reaction time

R4: 10 min. of reaction time

<Fig. 3> Microphotographs of persimmon calcium alginate beads spherified with various concentration
levels of calcium chloride and reaction times
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FPAE Y Fol B do| Fekapl BAEE
Ao gAEo] ZItkAna B et al. 1999).

1) &M QARM

Askdge] ol e Zg IAYo|E v =
o] A=A BANEA Aie <Table 9>¢F 2t

Astdge] s dElg Zg gAMI0|E ¥
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<Table 9> QDA results of persimmon calcium alginate beads spherified with various concentration levels of

calcium chloride

Control Cl C2 F-value

Yellowness 5.51+0.99 5.08+1.16 545+1.36 0.353
Transparency 4.58+0.79° 3.75+0.86" 3.36+0.92° 6.094"
Voluminosity 3.66+0.77" 4.08+1.06" 5.18+1.25° 6.325°
Chemical odor 2.75%1.65 3.66+1.66 3.63+1.36 1.290
Persimmon taste 1.830.71 2.41+1.16 3.18+1.47 3.966
Chemical taste 3.16+1.26 3.91+1.62 3.54+1.57 0.757
Aftertaste 2.41+1.16 3.0£1.15 3.63£1.05 2.087
Springiness 3.16£1.19° 4.25+0.86° 4.54+1.12° 5383
Hardness 2.50+1.24° 4.25+1.60" 4.81+1.66" 7.482°
Chewiness 1.75+0.86° 4.00+0.73" 5.45+1.29° 41.613"
Residue 2.16+0.83" 3.08+1.37° 436+1.12° 10.831°

" Mean+S.D. “p<0.05
2) abe.

Cl1: 0.75% concentration of calcium chloride
C2: 1.0% concentration of calcium chloride

Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range.
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{Table 10> Acceptance of persimmon calcium alginate beads spherified with various concentration levels of
calcium chloride

Control Cl C2 F-value

Color 3.91+1.50 3.66:1.07 3.830.83 0.142

Flavor 3.66+1.23 3.66:1.37 3.50+1.31 0.065

Taste 4.00+0.73 3.830.71 3.41%0.66 2.156
Texture 4.41+1.08° 4.00+0.73" 2.83+1.19" 7.713°
Overall Acceptance 4.66+1.15° 3.75+0.75° 2.16+0.83" 22.130"

Y Mean+S.D. "p<0.05

? ®™Means in a row by different superscripts are significantly different at 5% significance level by Duncan's multiple range.
C1: 0.75% concentration of calcium chloride

C2: 1.0% concentration of calcium chloride
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