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Abstract

Propolis obtained from honeybee hives has been used in oriental folk medicine as an anti-inflammatory, anti-
carcinogenic, or immunomodulatory agent. To prepare granule depending on operational parameters, such as
glucose content to total sugar (X;, 0~100%), ethanol concentration (X2, 20~ 100%) and sprayed ethanol solution
content (X3, 6~10%) using propolis, response surface methodology was applied to monitor the changes in yield,
fragmentation rate by shaking and organoleptic properties. Yield showed high with decreasing sprayed ethanol
solution content and fragmentation rate by shaking decreased with increasing sprayed ethanol solution content.
The organoleptic color, flavor, taste, mouth-feel and overall palatability were dependent on the glucose content
to total sugar, ethanol concentration and sprayed ethanol solution content. Overall palatability was maximized
in glucose content to total sugar 47.94%, ethanol concentration 56.45% and sprayed ethanol solution content

8.04%.
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Table 1. Experimental data on particle properties of the propolis granule under different conditions based on central composite

design for response surface analysis

Glucose content to Ethanol

Sprayed ethanol

Particle properties

1 .

Exp. No. total sugar (%) concentration (%) solution content (96) Yield (%) Ft;grzsglz?rtllgon(;)z;te
1 B 80( 1) 9( D 7493 3.40
2 71 80( 1) 7(-1) 74.52 3.20
3 B 40 (-1) 9( 1) 57.30 2.60
4 7% 1) 40 (-1) 7(-1) 66.94 9.60
5 25(-1) 80( 1) 9( D 72.31 1.40
6 25 (-1) 80( 1) 7(-1) 81.09 16.60
7 75 (-1) 40 (-1) 9( 1) 71.58 2.20
8 25(-1) 40 (-1) 7(-1) 75.85 6.40
9 50( 0) 60( 0) 8( 0) 82.10 1.40
10 50( 0) 60 ( 0) 8( O 79.02 1.40
11 100( 2) 60 ( 0) 8( 0 70.08 2.40
12 0(-2) 60 ( 0) 8( 0) 72.06 0.60
13 50( 0) 100 ( 2) 8( 0) 78.30 5.80
14 50 20 (-2) 8( O 69.79 6.00
15 50( 0 60 ( 0) 10( 2) 60.54 1.20
16 50 ( 0) 60( 0) 6 (-2) 82.48 17.60

"The number of experimental conditions by central composite design.
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Fig. 1. Response surface for yield of 60~ 100 mesh particle
of the propolis granule at constant values (yield: 60-70-
809%) as a function of glucose content to total sugar, ethanol
concentration and sprayed ethanol solution content.
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Fig. 2. Response surface for fragmentation rate by shaking
of the propolis granule at constant values (fragmentation
rate by shaking: 2-7-12%) as a function of glucose content
to total sugar, ethanol concentration and sprayed ethanol
solution content.

g

2
&
)
=
=
oft

(o3
L
*

0-

o
ot

ol of
2 ofl
2,
Hd
b
i o
oXx
9
o

o Hu & o
-+
olr
2

ob
=
T o ¥

ot o o nfl

2
=2
2
o X
)

o
oo
o M

Al
£ 2
= &

o

& }-lJrlm
>
o

e
o
.

o
uJ
o
fu
N
it

aZ

o NE o He o 12

ul- | Z=
9 of| 4] 3.67~7.33, ¥=]
A] 3.33~7.33, kel A9 =7
ql 7|2 %9] 7§ 367~7.33 2%
o} B EA o dig uh R
$-2] A2 Table 30l Ltelglc}. S
o] Wisle] m}E 2 EE| A2 P52

& —

-

=
A,
g

¢

9\}]\

1) ZulA

P A WA =
o2 Z s} glel
A4 R

¢

o)

o

=<
£

Table 2. Experimental data on organoleptic properties of the
propolis granule under different conditions based on central
composite design for response surface analysis

Organoleptic properties

Exp.
No." Color Flavor Taste Mouth—feel O"er?u
palatability
1 6.33 6.00 4.00 2.67 5.67
2 3.67 4.33 5.33 3.67 5.00
3 5.67 4,67 3.67 367 4.67
4 433 3.67 4.00 3.33 4.33
5 5.60 3.33 4.33 3.67 4.00
6 5.00 3.00 4.33 4.33 3.67
7 4,00 4.33 4,00 4.00 4.33
8 3.67 4.33 4.67 467 4.00
9 7.00 7.33 7.00 7.33 7.00
10 7.33 7.67 7.33 7.00 7.33
11 6.00 5.67 3.33 467 3.67
12 5.33 5.33 5.33 5.00 3.67
13 6.67 5.33 4.67 2.67 2.67
14 433 4.67 6.00 5.33 6.00
15 4.33 3.67 4.33 467 5.00
16 467 467 5.00 4.67 5.33

YThe number of experimental conditions by central composite
design (Table 1).
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Table 3. Polynomial equations calculated by RSM program for propolis granule

Responses

Polynomial equations n

R‘Z

Significance

Yield

Fragmentation rate by shaking

Color

Flavor

Taste

Mouth-feel

Overall palatability

Y1 = ~75.089375 4 0.898750X, + 0.610250X 2+ 30.942500X 3
-0.003796X,2-0.004810X,X2-0.004147X5*
-0.019100X ;X5 +0.034625X5X5-2.262500X 4>

Y2 = 136.925000 + 0.148000X, + 0.003750X2-30.800000X 3
+0.000040000X , + 0.002500X X2 + 0.002812X 7
-0.038000X,X3-0.055000X,X3+ 2.000000X 5>

Y3 = ~43.523750 +0.131175X, +0.032531 X2 + 11.096875X 3
~0.000600X:%+ 0.000732X1 X2-0.001041 X2
-0.015350X X5+ 0.009938X2X5-0.666250X5>

Y4 = -59.131250 4 0.227550X1 4 0.194563X 2+ 13.592500X3
~0.000800X,2-0.001080X 1 X»-0.001563Xy”
~0.011700X, X3+ 0.006250X2X5-0.832500X s>

Y5 = ~30.108125 4 0.109675X, 4 0.171469X2+9.646875X 3
~0.001134X,%-0.000417XX2-0.001 144X?
+0.004950X,X5-0.002062X X 3-0.625000X 5>

Y = -~46.508750 +0.130125X, +0.283219X +10.521875X 3
-0.000932X,%-0.000002500X, X2-0.001978X"
~0.003350X,X5-0.008312X5X3-0.623750X 5>

Y7 = ~35.454375 4 0.179575X +0.207219X2+ 8.026875X 3
-0.001398%:2-0.000582X, X2-0.001 769X
-0.001750X, X5+ 0.002062X 7X3-0.500000X5"

0.8304

0.9001

0.7242

0.6343

0.6297

0.6111

0.7284

0.0818

0.0204

0.2551

0.4455

0.4556

0.4961

0.2468

DX, Glucose content to total sugar (%), X2 Ethanol concentration (%), X3 Sprayed ethanol solution content (%).

Table 4. Estimated level of optimum preparation condition for the propolis granule

Preparation condition

Glucose content Ethanol Sprayed ethanol Estimated
en < € e
Responses to total sugar (%) concentration (%) solution content (96) TESponses Morphology
Max. Min. Max. Min. Max. Min. Max. Min.
Yield 54.90 21.54 68.49 35.43 7.35 9.09 8199 56.96 Maximum
Fragmentation rate by shaking 5947 59.23 73.42 59.04 6.15 8.71 19.66 0.17 Saddle point
Color 50.00 77.85 60.00 34.92 8.00 9.09 6.70 3.02 Maximum
Flavor 41.46 82.66 63.64 76.60 8.10 9.27 6.91 3.05  Maximum
Taste 53.60 7.19 H8.71 53.41 7.83 3.98 6.67 292  Maximum
Mouth-feel 56.57 4317 54.27 97.31 791 8.67 6.54 226 Maximum
Overall palatability 47.94 90.15 56.45 83.83 8.04 7.96 6.90 2.25 Maximum
2= a0, 242, 3F 0.6343, 2t 0.6297, &l qtell A 2] =7 0.6111 ol Brek00%d w s o] FAk #6702 2 e
2 AubA gl 7|3 % 0728484 RE oAl AR H A o ol T2 Ze| s e GFE RS FrE AREE A=
gkl ol ot a3t 48 9 wute]] 2|3 B 5= P oFgt A=) g} ofzke] FE o2 FE 4 9rk(18). =
A5H el 54E Ak Aabe] F0A ol wet A @ ZeFelat SAge] TeFels AxE 9l
gloll vigh S A e] v Jehdm g Re} 2ol I Eo)) o8 ol = EAolr] wiitol o E(Populus)
A e dew #4E s} e 0.2 A9 fAlstekn ATH1D). o]l @ Z2 Ee
Mg EE A Sq A % ob D AN A EEel o) 228l el AR /)R] WS S G Ereeke) Po
@ 0% 2 HAghS Table doll vhehh Aok B5A F4 o] B JPuThE DS BE W L G LYo
W alel] ol 43081 Wk E -2 Fig. 3~79 vehAsich 2 Q3L ol W A 2.2 el o (Table 5), o A & ol &t

2E 20 FAHAR Fo) B2 H S AN AL A E 2 FE50~70% W9 U g gNe) Ry 75~85%

7+ &34 EA 3k flavonoidse] ™, AAbe] A4 x4 WA 7| Z 7} g A o2 el o EE 35
oA o] F5 A FoR chofaiA vebdttay B3 E 3l 3w Fdol gt L= ek 41.46%, of €& 5% 63.64
(1). o127 Makel] dF AeHAH L Fdol et 2= 3 % 2 of &g 8o £ 810%Y v HFH o] 7HA
2ol o3 3¢ o uka(Table 5) oﬂ ehg- g-ofl o] B rak 89 W 6.912 el g3 el gl gloj = Fdol e 2=
oA A vehgtew, o 8E FE 50~70%2 HAANA & o) ), oABE wx Y oBE £ EFakel oIS
< e o g eyl 011%% s al Yahd Fdel vk Zle 2 vhelg o vi(Table 5), F% ol het 2= ¥k
i 5w g 50.00%, g FX 60.00% 2 w4 50%, o &H-g 55 60% 2 o g 48 B5-ak 8% -l



§

100 &

Fig. 3. Response surface for organoleptic color of the propolis
granule at constant values (sensory score: 4.5-55-6.5) as
a function of glucose content to total sugar, ethanol concen-
tration and sprayed ethanol solution content.
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Fig. 4. Response surface for organoleptic flavor of the propolis
granule at constant values (sensory score: 3.5-5.0-6.5) as
a function of glucose content to total sugar, ethanol concen-
tration and sprayed ethanol solution content.
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Fig. 5. Response surface for organoleptic taste of the propolis
granule at constant values (sensory score: 4.0-5.0-6.0) as
a function of glucose content to total sugar, ethanol concen-
tration and sprayed ethanol solution content.

G
fac)
olf
2
4
ol

7

jlln—,”.’,‘,’

<

'0

'I

.l» 9:
/ 0 “‘
i i
il 'I %

1l "; u‘\\\\\

"""ff"'u i

\\\
"'/'c'o

%0
s

33 \
‘ \

\\\\\\‘\

’n

693

Fig. 6. Response surface for organoleptic mouth-feel of the
propolis granule at constant values (sensory score: 3.5-4.5-
5.5) as a function of glucose content to total sugar, ethanol
concentration and sprayed ethanol solution content.
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Fig. 7. Response surface for overall palatability of the propolis
granule at constant values (sensory score: 3.5-5.0-6.5) as
a function of glucose content to total sugar, ethanol concen-
tration and sprayed ethanol solution content.

Table 5. Analysis of variables for regression model of particle
and organoleptic properties in preparation condition of prop-

olis granule

F-Ratio
Glucose Spraved
content to Ethanol ethanol
total concentration  solution
sugar (%) content
(%) (%)
Yield 2.27 2.70 412"
Fragmentation 0.71 1.67 12.02™
rate by shaking
Color 1.32 2.02 253
Flavor 1.30 1.38 1.89
Taste 2.03 0.79 1.52
Mouth-feel 0.97 1.95 1.01
Overall 318 2.47 0.95
palatability

*Significant at 10% level, **Significant at 5% level.
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