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Development of Spherical Granule of Fermented Red Ginseng Extracts

Myung-Gon Shin

Department of Food Science & Biotechnology, Woosong University

ABSTRACT

Viscous fermented red ginseng extracts were dried and coated using a fluidized bed coater to increase

convenience and consumer acceptance. The methods for making spherical granules of fermented red ginseng extracts
with increasing convenience were established by using indigestible dextrin. Spherical granules of fermented red ginseng
extracts with increasing convenience were made by mixing indigestible dextrin at 40% (40% IDD), 50% (50% IDD),
and 60% (60% IDD) versus the soluble solid content of fermented red ginseng extracts. Spherical granules of fermented
red ginseng extracts showed less angle of repose than powder of fermented red ginseng extracts. This means that
spherical granules of fermented red ginseng extracts had good fluency with increased convenience. The more indigestible
dextrin showed higher yields. Although 50% IDD showed less yield than 60% IDD, 50% IDD was the best mixing
ratio for making spherical granules of fermented red ginseng extracts, as fermented red ginseng extracts is known
as a healthy food. The optimized operation conditions of the fluidized bed coater for making 50% IDD were feeding
rate 0.54 mL/min, atomization air pressure 2.15 bar, and product temperature 83.03°C.
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H (height of cone)

R (diameter of cone)

Angle of repose (°)=Arctan

SesdMssd FEE il 24M

HEdo] SxdE daddssd 7Yy 348 &
A& g siesEd FERE 1 gS 50 mL A& a
off 7212} A3 tb& 25°Ce] T/ 10 mLE ¥ F kY]
(SK 300 model, Jeio Tech, Gyeonggi, Korea)oll 4] nyta}
o BHFE ] L7Po)7} hds] AR wrhA| o] ARHE &

A3 EH20).

3 g T sEd 8339 ginsenoside 2 HPLC
3to] B89 tH21). HPLC(ACME 9000, Young
Lin Instrument Co., Ltd., Anyang, Korea)= ELSD7} &
2 A|2=ElS o] 83131 9™ Prevail carbohydrate ES
column(4.6X250 mm, Alltech Associates, Inc., Deer-
field, IL, USA)2. 2 ginsenosideZE #2] 3} t}h. Ginseno—
side #5E% Rhl, Rg2, Rg3, Rgl, Rf, Re, Rd, Re, Rb2,
Rb1, compound K= WakoAFHOsaka, Japan)2] A& A}
|3 WFEFHE o]&ste] AZFsATh A RelA
ginsenoside™ A& 1 g& &2 &3] &aA17 v 25
mlL W2=Eg2F] A8 & 0.45 ym membrane filter
2 ojFste] Ay R0 Tt o5 Sl &1 A
(acetonitrile : water : isopropyl alcohol=80:5:15)¢} &uj
Bl(acetonitrile : water : isopropyl alcohol=80:25:15)& A}
L3t e o5 34| E&LS 0~28 min 25% B, 28~35
min 85% B, 35~50 min 100% B, 50~55 min 25%% 3}

Table 1. Experimental design of fluidized bed coater for making spherical granule of red ginseng extracts mixed with various concen-

tration of indigestible dextrin (IDD)

Coded variables

Process variables

Run 2) 0 0,
1 40% IDD 50% IDD 60% IDD
number FR AP PT FR AP PT FR AP PT FR AP PT
1 -1 -1 -1 5.00 1.5 80 5.00 2.5 70 5.00 1.5 74
2 -1 -1 +1 5.00 1.5 86 5.00 2.5 80 5.00 1.5 80
3 -1 +1 -1 5.00 2.5 80 5.00 35 70 5.00 2.1 74
4 -1 +1 +1 5.00 2.5 86 5.00 35 80 5.00 2.1 80
5 +1 -1 -1 6.00 1.5 80 6.00 2.5 70 6.00 1.5 74
6 +1 -1 +1 6.00 1.5 86 6.00 2.5 80 6.00 1.5 80
7 +1 +1 -1 6.00 2.5 80 6.00 3.5 70 6.00 2.1 74
8 +1 +1 +1 6.00 2.5 86 6.00 3.5 80 6.00 2.1 80
9 0 0 0 5.50 2.0 83 5.50 3.0 75 5.50 1.8 77
10 —a 0 0 4.50 2.0 83 4.50 3.0 75 4.50 1.8 77
11 +o. 0 0 6.50 2.0 83 6.50 3.0 75 6.50 1.8 77
12 0 —a 0 5.50 1.0 83 5.50 2.0 75 5.50 1.2 77
13 0 +a 0 5.50 3.0 83 5.50 4.0 75 5.50 2.4 77
14 0 0 o 5.50 2.0 77 5.50 3.0 65 5.50 1.8 71
15 0 0 +a 5.50 2.0 89 5.50 3.0 85 5.50 1.8 83

l)FR feeding rate (mL/min); AP, atomization air pressure (bar); PT, product temperature (°C).
Spherlcal granule of red ginseng extracts mixed with 40, 50, and 60% indigestible dextrin.
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t} &1 9 flow ratex 0.8 mL/min®] %3, injection vol- Zz

ratex 1.4 mL/min®.2 2 A3},

A =% Minitab 213 (Minitab ver 14, Minitab
umeS 10 pLg o} ELSD #418 2% 50°Co A Ny flow Inc., State College, PA, USA) T4 A HS o]-&31 1L,
H 2de mE AES AAEte] dojil A3=E kR

=%
HEHS A,

UdSSasSd FnE Bs Y 2M

Ade] 38 BagisS5d A ge] s 549 Znt 2 pxEt
H7he HAFEA(22)E o] &3kt BAHEA o Frof gk &
T899 AEol e Hd 8 8H(IA} 3, oA} 5)S A desesSd FINE =8
3l &o] & 4 golo Ao|, nFAIRe A4, 181 washd dAERS g TAESd 138 F % 40,
ETAIEE o83 FHAA Al sessions AAsI o 7} 50, 60% F~=°] HEF st Bagitesd TP A
sessionol] ¢F 1A17F 308 A% 285t #% EA Ho} Z3t90S v T HEA designg o] &3 A& 0.8~2.6
£ 98 =55 o] 2 8ol9 A= Table 20 EAI5HA mm A7]9 Fg34sSd 7Y FE&2 Table 39, 2
o BAREA A8 157 HEHS o] &siglem Hrt i HasiEsd PR HAYFEs o] &3 v
A AT 5SS Fee w2 Ao Sk o Bt WA G #2] Table 49 22} A8tk Table 4
£ g A= A= 2L go] AlRE WAEol(10 emx10 Al Z¥2re] Wl ool Sl e Wkl Fods vEhE
cm) Aol SHERkon, B A0S 93 AR A= AOR Ao A7F 5&75 Aol A TS v
0.25 g& Ygtell gtAH Y31 AEE Hrlel =5 skgict AtE AL 9v)EtH(23). Table 42 A3 9] AuE s

At sk dAEAS BgFAESY 1T T

SAIXz 9] 40% Fol HESE st HasAEEd TP HEE A

BE BAL 39HE 319lal, #53UF BEAREA S 839 Z3 S Wl 7 Fod ARE AT @k 25.301E FHE
Aig FaEEFAAE FASHAT FAEA S SPSS AFLEDS & 5 ok dasztyg gaEY 50% 5ol
(Statistical Package for Social Sciences, SPSS Inc., o3 g e sEd FEAY Ax Al 7P T3 A=
Chicago, IL, USA)E o|&3}o] £ (analysis of var- A #E 165695 2t ETEELS & 7 vk =AY
iance, ANOVA)¥} t}5¥ 9174 (Duncan's multiple range L ol Ak A gho] & 15.201 S zte AEL R w3k
test)S AAI3Fe] 49381 TH(7X0.05). RSM #49] % =3} FTagh aAQls & Ak dAaSA dAEY 60% &3

Table 2. Descriptors, definition, standard references, and standard points for sensory descriptive analysis of spherical granule of

fermented red ginseng extracts

Ser_lsory Descriptors Definition Standard reference Std.
attributes score
Color Color related brown Munsell color 5Y5/6 5
Uniformness Uniformness of spherical granule Uniformness from spherical granule in Contec 600 15
capsule
Appearance  Glossiness Surface glossiness of spherical Glossiness when 0.1 mL starch syrup dropped on 15
granule aluminum foil surface
Sticky finger Degree of stickiness of spherical Degree of stickiness when 2 g sugar granule 2
granule dropped on finger
Red ginseng Degree of red ginseng odor The red ginseng odor from 1% red ginseng extracts 2
Odor Caramel Degree of sweet odor The odor from melted caramel between finger 12
Coffee Degree of coffee odor The odor from freeze dried coffee granule 6
Red ginseng Degree of red ginseng taste The ginseng taste from 1% red ginseng extracts 11
Taste Bitterness Degree of bitter taste Bitterness from 0.0016 M caffeine solution 9
Burnt Degree of burnt taste Burnt taste from 0.0016 M caffeine solution 6
Crunchiness Crunchiness of spherical granule in Crunchiness from ACE cracker (Lotte) 6
mouth
Texture Mouth melting Melting properties of spherical Melting properties of 2 g sugar in mouth 7
granule in mouth
Roughness Rough properties of spherical Melting properties of 2 g sugar in mouth 13
granule in mouth
Bitterness Bitter after taste Bitter after taste from 0.0016 M caffeine solution 15
Aftertaste ~ Unpleasant Not fresh after taste Unpleasant after taste from 0.5% prima solution 10
Red ginseng Red ginseng after taste Aftertaste from 1% red ginseng solution 3




Table 3. Yields of spherical granule of fermented ginseng ex-
tracts mixed with various concentration of indigestible dextrin
(IDD) in RSM experimental design

Coded variable Yields of granules (%)

40% 50% 60%
IDD? IDD IDD

Run
number FRY AP PT

1 -1 -1 -1 81.00 87.00 89.50
2 -1 -1 +1 78.50 86.50 89.00
3 -1 +1 -1 80.50 86.90 89.40
4 -1 +1 +1 78.10 86.50 88.90
5 +1 -1 -1 77.00 85.60 88.10
6 +1 -1 +1 77.50 86.00 88.50
7 +1 +1 -1 76.90 85.30 87.80
8 +1 +1 +1 77.90 86.10 88.60
9 0 0 0 83.00 87.50 90.00
10 —0 0 0 79.00 85.40 89.20
11 +o, 0 0 80.00 86.90 89.30
12 0 —0 0 76.50 85.10 87.60
13 0 +a 0 82.00 87.10 89.60
14 0 0 —0 76.40 84.10 86.60
15 0 0 +a 76.30 84.10 86.10

UFR, feeding rate (mL/min); AP, atomization air pressure (bar);
PT, product temperature (°C).

2)Spherical granule of fermented red ginseng extracts mixed with
40, 50, and 60% indigestible dextrin versus the soluble solid
content in fermented red ginseng extracts.
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Table 5. Predicted levels of optimum preparation conditions for
the maximized yields of spherical granule of fermented red gin-
seng extracts mixed with various concentration of indigestible
dextrin (IDD) by the ridge analysis and superimposing of their
response surfaces

Levels for the maximum
response surfaces

40% IDD" 50% IDD 60% IDD

Preparation conditions

Feeding rate (FR) 5.30 5.40 5.20

Atomization air 2.18 2.15 2.15
pressure (AP)

Product temperature 82.55 83.03 82.67
(PT)

R’ 0.67 0.71 0.86

Morphology Maximum Maximum Maximum

Predicted yield (%) 82.22 87.78 90.26

1)Spherical granule of fermented red ginseng extracts mixed with
40, 50, and 60% indigestible dextrin versus the soluble solid
content in fermented red ginseng extracts.
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Table 4. Regression equation of yields for spherical granule of fermented red ginseng mixed with various concentration of indigestible

dextrin (IDD) in RSM experimental design

Treatment" Regression equation

40% IDD Y=—934.438—131.944 X FR X AP+25.301 X PT—301.111 X FR XFR+6.500 X AP X FR — 3.261 X AP X
AP+5.333 X PT X FR+0.050 X PT X AP—0.171 X PT X PT”

50% IDD Y=—1551.466+16.569 X FR+3.368 X AP+15.201 X PT — 147.222 X FRXFR — 0.500 X AP X FR — 1.522 X AP X
AP+1.750 X PT X FR+0.041 X PT X AP—0.097 X PT XPT

60% IDD Y=—561.964—65.611 X FR+3.594 X AP+16.097 X PT — 82.777 X FR X FR — 2.006 X AP X FR — 1.477 X AP X

AP+1.833 XPT XFR+0.033 XPT X AP—0.103 X PT XPT

1)Spherical granule of fermented red ginseng extracts mixed with 40, 50, and 60% indigestible dextrin versus the soluble solid

content in fermented red ginseng extracts.

JFR, feeding rate (mL/min); AP, atomization air pressure (bar); PT, product temperature (°C).
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Fermented red ginseng extracts

Fig. 1. Picture for fermented red ginseng ex-
tracts and the spherical granule of fermented red
ginseng extracts improved with convenience.

Spherical granule of fermented red ginseng

extracts improved with convenience

Table 6. Physical properties of fermented red ginseng extracts, powder of fermented red ginseng extracts, and spherical granule

of fermented red ginseng extracts

Fermented red ginseng

Powder of fermented red

Spherical granule of fermented

extracts ginseng extracts red ginseng extracts
Soluble time (s) 11.3+0.31°? 15.7+0.82° 6.4+0.31°
Angle of repose (°) - 40.77+0.84" 14.89+0.32°

)Meanistandard deviation (n=3).

‘Means with the same letter at same row are not significantly different (P<0.05).
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Table 7. Physical properties of spherical granule of fermented
red ginseng extracts made with various concentration of in-
digestible dextrin (IDD)

40% IDD"

50% IDD  60% IDD

Soluble time (s) 7.68+0.28"%  7.18+0.19*  7.74+0.29°
Angle of repose (°) 15.46+2.74*  14.31+0.59" 13.26+1.59"

1)Spherical granule of fermented red ginseng extracts mixed with
40, 50, and 60% indigestible dextrin versus the soluble solid
content in fermented red ginseng extracts.

Meanistandard deviation (n=3).

?Means with the same letter at same row are not significantly
different (P<0.05).
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gEstE A Alzd Ta
= = Table

5N FHIAH] A Z(colo

of granule) ¥ <o E+ # =(sticky finger of sphencal
granule)= SAIM o2 WA d2EH SFHEE f
gk 4ol 7y
50% IDD<}
A%+ 40% IDD7}

4], Bouwman 5(28)2

Table 8. Ginsenoside analysis results of spherical granule of fermented red ginseng extracts (mg/g)

Type of ginsenosides FRGE" 40% IDD” 50% IDD 60% IDD
Rhl Trace Trace Trace Trace

Rg2 1.2340.39" 1.1440.16° 0.95+0.12" 0.76+0.19"

Rg3 4.64+0.26" 4.35+0.48" 3.63+0.58" 2.90+£0.21°

Rgl 1.84+0.98° 1.74+0.28" 1.454+0.35% 1.1620.92°

Rf 9.88+0.53" 9.38+0.68" 7.8140.43° 6.25+0.53°

Re 5.68+0.64" 5.33+0.51° 4.44+0.54" 3.55+0.64°

Rd 6.29+0.45" 5.93:0.40" 4.94+0.39" 3.95+0.28°

Re 2.01+0.37* 1.88+0.21° 1.56+0.12"° 1.25+0.13°

Rb2 1.62+0.28" 1.50+0.25" 1.25+0.22% 1.00+0.17°

Rbl 7.53+0.52° 7.10£0.50° 5.91£0.91° 4.73+0.52°

Compound K 4.344+0.29" 4.01£0.31° 3.34+0.19° 2.6740.15"

Total 45.07+3.75" 42.33+1.74* 35.28+1.63" 28.22+1.68°

UFRGE: fermented red ginseng extracts with 60% soluble solid content.
)Spherlcal granule of fermented red ginseng extracts mixed with 40, 50, and 60% indigestible dextrin versus the soluble solid
content in fermented red ginseng extracts.

Meanistandard deviation (n=3).

“Means with the same letter at same row are not significantly different (P<0.05).

Table 9. Sensory descriptive analysis results of spherical granule of fermented red ginseng extracts made with various concentration

of indigestible dextrin

Sensory attributes Descriptors 40% IDD" 50% IDD 60% IDD
Color 10.94+2.70° 10.69+1.60° 10.57+1.81°
Appearance Uniformness 7.93£2.71° 11.43+1.64" 10.79+1.91°
PP Glossiness 12.64+0.94° 10.64+1.38° 7.50+1.85°
Sticky finger 11.79+2.31° 10.21+2.45° 10.93+3.47°
Red ginseng 7.64+2.06" 5.64+1.89" 5.79+2.58"
Odor Caramel 6.21+3.63" 4.80+2.88" 5.61+3.67°
Coffee 4.17+0.73" 3.07+0.93° 2.64+1.03¢
Red ginseng 12.21+2.20° 10.36+2.56" 10.50+2.60°
Taste Bitterness 11.50+3.50° 10.47+3.33" 10.00+3.97*
Burnt 8.93+5.14" 8.14+4.91° 8.93+3.37°
Crunchiness 8.93+4.49° 7.61+4.13" 7.21£4.00"
Texture Mouth melting 8.29+4.34° 8.71+3.63" 9.97+3.28"
Roughness 11.47+3.96" 11.144+2.53" 9.86+1.44"
Bitterness 12.10+2.55% 12.00+1.76° 11.90+1.13*
Aftertaste Unpleasant 6.40+3.33" 6.36+2.69" 6.61+£2.79°
Red ginseng 11.93+1.84" 11.21x2.20° 10.79+2.61°

1)Spherical granule of fermented red ginseng extracts mixed with 40, 50, and 60% indigestible dextrin versus the soluble solid
content in fermented red ginseng extracts.

Meanistandard deviation (n=8).

“Means with the same letter at same row are not significantly different (P<0.05).
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