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Summary

. Title

Development of health foods using biologically active compounds isolated

and purified from crude propolis

. Object and importance of study

Propolis is a resinous substance collected by bees. It is a highly complex
mixture of waxes, resins, balsams, oils and a small amount of pollen. It
moistened by bee saliva to be an exudate, that is a natural propolis. The
major component of propolis is flavonoids. There are many studies on
pharmacological effects of propolis such as antibiotic properties, anti-tumor
activity, antiviral and immunostimulant effects, etc. To develop health foods
from propolis, it is important to isolate flavonoids from crude propolis.
Extraction and dewaxing makes propolis into propolis balsam, which is better
material for processing. The objectives of this study are to set up optimum
extraction temperature, time and organic solvent for propolis extraction, to
investigate chemical properties, and to develop health foods from propolis

preparation.

. Content and scope of study
1. Analysis of propolis constituents
Moisture content, lipid content, protein content, ash content and mineral

content of propolis collected from Sangju were analyzed.

2. Optimum extraction conditions for propolis extract from crude propolis



Optimum extraction temperature, time and organic solvent to prepare

propolis extract were set up.

3. Measurement of total phenol contents and identification of flavonoids
in propolis extract
Total phenol content was determined, and 15 flavonoids in propolis extract

were identified by HPLC.

4. Dewaxing methods for propolis extract
To eliminate wax in propolis extract, winterization, continuous extraction
with ethyl ether in soxhlet apparatus, and batch extraction with hexane were

compared.

5. Antioxidant effect of propolis extract for edible oils
To study one biological activity, antioxidative effect of propolis extract on
edible oil was measured by peroxide value and induction time determined by

rancimat method.

6. Inhibition effect of propolis extract for lipid peroxidation by ozone
An apparatus equipped with mass flow controller was designed to control
supply of ozone. Oxidation rate induced by ozone was determined by analyzing

fatty acid composition of liposomal lipid.

7. Analysis of flavor compounds in propolis extract
Flavor compounds of propolis were collected by simultaneous steam
distillation and extraction method. Volatiles of propolis were analyzed by

GC/MSD.



8. Development of health foods using propolis extract

Drink, gel-type product and tablet were prepared from propolis extract.

. Suggestion and utilization of results
1. Moisture, lipid, protein, fiber and ash contents of propolis from Sangju
were 3.9, 81.1, 25, 4.0, 1.1% respectively. Calcium was the most abundant

mineral in propolis.

2. When various ethanolic solutions were used, extraction yield was highest
in absolute ethanol, whereas flavonoid content was highest in 70% ethanol.
Crude lipid in propolis extract increased as the ethanol portion of extraction
solvent was increased. Optimum extraction time was 6 9 hours, optimum
temperature was around room temperature, and optimum amount of solvent

was 10 times of propolis weight, respectively.

3. Total phenol contents in 70% ethanolic solution and aqueous extract of
propolis from Sangju were ca. 27% and 20%, respectively. Flavonoids in
propolis extract were analyzed by HPLC, and gallic acid, caffeic acid, p

- coumaric acid, kaempherol, t- cinnamic acid, chrysin, etc. were identified.
4, Various dewaxing methods were compared in terms of yield and quality

of propolis extract. Soxhlet method > hexane extraction method >

winterization had dewaxing effect in descending order.

- 10 -



5. Various amount of propolis extracts collected from Sangju in Korea,
Australia and Japan were added to soybean oil, and their effects on oxidative
stability of the oil were determined by peroxide value. Propolis extracts from
Sangju in Korea > Australia > Japan showed antioxidative effect in

descending order.

6. Liposomal lipid was oxidized by supplying air(130 /min) containing
ozone(18 ppm) from ozone generator. Oxidation rate was determined by
analyzing fatty acid composition of liposomal lipid. When liposomal lipid was
oxidized in the presence of ethanolic extracts of propolis from Sangju in
Korea, Australia and Japan at 5% of liposomal lipid, all the extracts had

antioxidative effect.

7. Among the flavor compounds of propolis from Sangju, America and
China collected by simultaneous steam distillation and extraction method, 22,

15, and 12 compounds, respectively, could be identified.

8. Drink, gel-type product and tablet were prepared from propolis extract.
Palatable formular of drink  was propolis extract, apple juice, sugars, honey,
and palatable formula of drink Il was propolis extract, Cnidium officinale
M akino, and honey. Formular of gel-type product was propolis extract,
Cnidium officinale M akino, and dextrin. It has new and specific taste. T ablet

was formulated from propolis extract, yeast, and calcium lactate

- 11 -
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2 Propolis

Propolis

pro(before)  polis(city)
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62.5
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1.
propolis
8mesh
2.
1)
Propolis AOAC (1B 105
, Soxhlet , Semimicro Kjeldahl
, carbohydrate  100%
2)
Propolis AOAC (1B ICP emission
spectroscopy . 500 4
10 4ml HNO3  (HNO3: HD=1:1) hot
plate , 500 1 10ml  HCI
(HCI:H20=1:1) 50ml ICP(Inductively Coupled

Plasma Atomic Emission Spectrophotometer, Jobin Yvon Co., France)

, Table 1
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Table 1. Operating conditions for mineral analysis by ICP

Jovin Yvon 138 Ultrace
Instrument Im Czerny- Turner monochrometer

Grating : 2400 grooves/mm

Nebulizer Glass concentric
Frequency 40.68MHz

Pow er 1 KW

Cooling gas (Ar) 14 L/min
Aerosol flow rate (Ar) 0.3 L/min
Sheath gas (Ar) 0.3 0.6 L/min

Wave lengths(nm)

K 766.490
Ca 393.366
Na 588.995
Mg 279.553
Fe 238.204
1)
Propolis 159 40, 50, 60, 70, 80, 99.9% 300
24
2)
20 , 40, 60, 80 100 24
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3)

24
flavonoid
4)
3,5 ,10 , 15 20
flavonoid

1)

Propolis 70%
phosphomolibdic acid Folin- Denis (1)

0.1ml 7ml A.OA.C.
Folin- Denis reagent  0.5ml 3 Iml

sodium carbonate 10ml
1 725nm tannic
acid
2) flavonoid

Propolis flavonoid

(183 propolis 50

1.5ml, 10% (AI(NO3BHD) 0.1ml, 1M- (CH3OO0K)
0.1ml, 2.8ml 40

10mm cell 415nm

0.1ml

flavonoid
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3) HPTLC flavonoid

Propolis flavonoid HPTLC . RP-18 FA S
TLC plate(10x 20cm, 0.25mm, Merck) 10 20 M
HOAc in 60% MeOH UV 254nm
4) HPLC flavonoid

Propolis HPLC Hypersil ODS guard column(2cmx 4.6mm, 5

; SUPELCO) LiChrosorb RP-18 column(125mmx 4mm, 5 ; Merck,
Germany) column oven 35 (9. HPLC system

JASCO(JASCO Co., Japan) HPLC pump(Model PU-980), column oven(Model
CO- 965), autoinjector(Model AS-950- 10) UV/VIS detector(Model UV-975)

, mobile phase water/methanol/acetic acid(60/75/5)

Iml/min isocratic flow . Millex- LCR
filter unit(0.5 ; Millipore Co., USA) 20 uv
290nm
1) Soxhlet

Soxhlet AOAC (1B
2)
Propolis 20 6
beaker 24
sox hlet
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3) Hexane
Propolis 20 hexane

hexane

Propolis

Likens- Nickerson (J & W Scientific, U.S.A)

500

10 round flask propolis 50g n- pentane/ diethyl
ether 50 (2.1, v/v) 1
sodium sulfate anhydrous 24
0.6 gas chromatograph
(Hewlett Packard 5890) , capillary
column  Simplicity- 1(0.32mmx 30m in length, film thickness 0.25 , Supelco,
U.S.A) , injector detector 250 260
oven 60 4 4 250 250
20 . Injector port 13psi. detector
FID . GC/MSD(HP 5973MSD)
mass spectrum  wileynbs library . GC/MSD
Table 2
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Table 2. GC/MSD operational conditions for flavor analysis

Column Simplicity- 1

Carrier gas He, 7.6 psi

Oven temperature 60 (4min) - 4 /min - 250 (20min)
Injector temp. 250

Thermal aux 2 temp. 280

Tune file Atune. U

Acquisition mode Scan

Solvent delay 2min

EM voltage 1494.1

Library Wiley 275.L
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1. Propolis
Propolis Table 3 . Propolis
3.6% 20 2.8% propolis
81.1% , propolis
propolis
(essential oil)
70%
72.7%
25% 4.0%, 1.1%
propolis 2 3% , 21.5%
propolis
Table 3. Proximate composition of raw propolis(%)
Sample  Moisture C'ru'de Crud'e C'rude Ash Carbohy-
lipid protein fiber drate
Sangju 39 81.1 25 4.0 11 7.4
Propolis Table 4
propolis Ca 155.5mg% K,
Mg, Na 21.6mg%
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Table 4. Mineral contents of raw propolis (mg%)

Sample Na K Ca Mg Fe
Sangju 47.9 127.9 155.5 65.2 21.6
2. Propolis
. Propolis
propolis
propolis propolis
propolis 15g 40, 50, 60, 70, 80, 99.9%
24 flavonoid
Propolis flavonoid
propolis flavonoid
propolis
propolis
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Table 5. Extraction yield and flavonoids contents of propolis by water

and various ethanol concentration

Flavonoids contents Crude
Concentration Yield (%)
(%) lipids(%)
Water 5.6 0.24 --
40% Ethanol 22.4 1.86 9.3
50% Ethanol 28.8 2.69 17.4
60% Ethanol 39.6 2.96 27.8
70% Ethanol 448 3.21 29.9
80% Ethanol 47.6 2.92 31.0
99.9% Ethanol 56.4 2.78 47.2
. Table 5
99.9%
50% 2
propolis
propolis
propolis
70%
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. Propolis

70% , 40 , 60 , 80 100 24
Table 6

Table 6. Extraction yield and flavonoids contents of propolis by various

extraction temperature

T emperature Yield (%) Flavonoids contents (%)
Room temp. 434 2.26
40 41.4 2.03
60 44.2 2.28
80 40.2 1.99
100 41.6 207
70% flavonoid
Propolis flavonoid
flavonoid
' 70%
24 2, 3, 45, 6, 9, 12, 15, 18, 21, 24
flavonoid T able
6 . 24 flavonoid
3, 4
flavonoid
6 9
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. Propolis

Propolis 3, 5, 10, 15, 20 70% 6
flavonoid

Table 7

Table 7. Extraction yield and flavonoids contents of propolis by various

amounts of ethanol

Sovent amounts Yield (%) Flavonoids contents(%)
3 times 29.5 0.3
5 times 33.2 04
10 times 33.7 3.2
15 times 38.9 2.6
20 times 38.5 2.9
Propolis 5 10 33%
15 20 39% . flavonoid
10
3 5
flavonoid . 15
20 flavonoid
10
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3. Propolis flavonoid

. Propolis
Folin- Denis propolis
20.1% 27.1% 28.2% 28.9%
10.1% 28.6% propolis

Table 8

Table 8. Total polyphenol content of propolis extract

Extract Sangju Wonju

70% Ethanol 21.7% 28.9%

70 Water 20.1% 28.2%

. Propolis HPT LC(High Performance Thin Layer Chromatography)

flavonoid

Propolis flavonoid HPTLC . RP-18 FA S
TLC plate(10x 20cm, 0.25mm, Merck) 10 20 M
HOAc in 60% MeOH UV 254nm . Rf 0.24

254nm spot
Figure 1
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Figure 1. High performance thin layer chromatogram on
RP- 18 FZzE4 plates observed at 254nm for propolis extract
from various organic solvent. Eluent was 1M acetic acid

in 60% methanol.

A: Sangju propolis extract B: Wonju propolis extract
1: diethyl ether 2: chloroform 3. ethyl acetate
4: acetone 5. 70% ethanol
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. Propolis HPLC flavonoid

propolis 16 peak
gallic acid(RT 1.46min), caffeic acid(RT 2.16min), p -coumaric acid(RT

2.77min), kaempherol(RT 6.81min), t- cinnamic acid(RT 5.58min) chrysin(RT

13.52min) 6 . major peak
t- cinnamic acid . peak  Figure 2

propolis flavonoid  caffeic acid, ferulic
acid phenolic acid galangin, kaempferol, quercetin(flavonols ),

chrysin, apiginin, luteolin, acacetin, tectochrysin(flavones ), pinocembrin,
isosakuranetin(flavanones ) , galangin  chrysin

pinocembrin  galangin
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Figure 2. HPLC chromatogram of 70% ethanol extract from Sangju propolis

. Propolis

Propolis propolis
propolis

propolis

propolis

propolis 10
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70%  99.9% 20 , -20

3
, 1 2 48 , 3 24

99.9% propolis

34.71%, 70% 29.82%  99.9% propolis

70% 99.9%
10 20%
propolis 1%
99.9%
70%
70% . 99.9%
propolis  70%
3 propolis
propolis
soxhlet , hexane

4 . 3 Table
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Table 9. Content of removed wax by the various dewaxing method

Dewaxing method

Removed wax content(%)

Soxhlet method 81.1
Water extraction 32.7
Hexane extraction 55.2
sox hlet
diethyl ether flavonoid
hexane flavonoid
propolis ( 1% )
diethyl ether
propolis
. Propolis
, , propolis GC/M SD
peak 22 15 12
3

retention time 20 30

Table 10 12
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Table 10. Flavor compounds of propolis extract from Sangju

No RT Library

1 3511 benzene

2 4452 nonane

3 5.133 benzaldehyde

4 6.770 n- octanal

5 7513 bezenemethanol
6 10.297 nonanal

7 11.777 cycloprop[a]indene
8 13.929 decylaldehyde

9 14.060 B - cyclocitral

10 16.547 2- propen- 1- ol

11 20.644 tridecanal

12 21.152 B - caryophyllene
13 23.706 BHT

14 26.960 calarene

15 27.086 y - eudesmol

16 27.481 B - eudesmol

17 27.644 a - eudesmol

18 34.557 farnesyl acetone C
19 39.725 heneicosane

20 48.313 tricosane

21 47.753 pentacosane

22 51.416 heptacosane
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Table 11. Flavor compounds of propolis extract from USA

No RT Library

1 7.512 benzenemethanol

2 10.133 benzeneethanol

3 13.495 benzoic acid

4 16.650 2- propen- 1- ol

5 26.221 guaiol

6 26.970 calarene

7 27.105 y - eudesmol

8 27.507 B - eudesmol

9 27.661 a - eudesmol

10 36.736 hexadecanoic acid
11 45.348 4H- 1- benzopyran- 4- one
12 47.761 pentacosane

13 51.437 heptacosane

14 55.632 eicosane

15 70.532 17- pentatriacontene
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Table 12. Flavor compounds of propolis extract from China

No RT Library

1 7.520 benzyl alcohol
2 10.136 benzeneethanol
3 13.550 benzoic acid

4 15.139 2- propenal

5 16.645 2- propen- 1- ol
6 26.226 guaiol

7 26.977 calarene

8 27.107 y - eudesmol

9 27.540 B - eudesmol
10 27.683 a - eudesmol
11 29.990 benzyl benzoate
12 51.421 heptacosane
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AOT (dioctyl sodium sulfosuccinate; Aerosol OT)

, water in oil system
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5 5
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lard , conductivity
4g  propolis
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tocopherol BHA

antioxidant index(Al)

2.
Propolis
liposome 40% PC
(phosphatidylcholine)  column chromatography 95% PC
liposome
(Figure 3)
0.018g/¢ : PC
propolis 5% 25 10
methylation gas chromatography
injector 250 , detector 260 , detector FID

column supelco wax 10 capillary column(length 30m, ID 0.32mm, film

thickness 0.25 ) . internal standard heptadecanoic acid methyl
ester . liposome
linoleic acid
linoleic acid
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1. Propolis
Propolis
propolis
propolis
propolis
Table 13
BHA
propolis
propolis
' propolis

>
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Table 13. Antioxidant effect of propolis extract from various origin for

soybean oil (POV : meqg/kg oil)
Storage time
(days) 0 15 25 35 39 43 47
ppm
Control 0 1.0 29 3.1 384 62.8 86.1 | 1175
BHA 200 - 19 31 325 55.6 80.7 99.8
200 - 19 3.4 6.8 12.0 24.9 37.7
500 - 15 3.6 4.1 45 6.4 8.4
1000 - 13 241 3.1 3.9 4.8 5.7
200 - 17 2.8 14.2 26.5 35.5 44.6
500 - 1.6 2.6 7.9 11.2 17.4 23.6
1000 - 14 19 5.9 8.1 12.0 15.9
200 - 2.2 9.0 40.2 57.9 71.6 93.0
500 - 35 19.9 49.8 58.3 76.9 95.2
1000 - 4.1 18.0 43.3 55.6 71.6 84.4
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Figure 4. Antioxidant effect of propolis extract at 200 ppm

concentration for soybean oil
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Figure 5. Antioxidant effect of propolis extract at 500 ppm

concentration for soybean oil

- 54 -



140

120

100

ao

a0 |

POV {meg/kg il

40

20

() 15 25 a5 39 43 47
Storage time (days)

—a— Control —o— BHA, —s— Sangju
—— Australia —a— Japan

Figure 6. Antioxidant effect of propolis extract at 1000 ppm

concentration for soybean oil
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Figure 7. Antioxidant effect of propolis extract from Sangju for
soybean oil and lard determined by Rancimat and Al
(antioxidant index) was calculated as follows; Al=induction

time of sample/induction time of control
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Figure 8. Antioxidant effect of the propolis extract for soybean oil
and lard at the 200ppm determined by Rancimat 679; A: control,
B:tocopherol, C: BHA, D: sangju propolis, E: wonju propolis
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Propolis
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Figure 9. Flowsheet for preparation of gel-type product
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Figure 10. Flowsheet for preparation of tablet product
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1. Propolis

2
Table 14
Table 14. Recipe for propolis drink
Type A Type B

05% |- 0.2%

10% |- 0.01%

0.2% |- 10%

12% - 0.065%

0.23% |- 8.8%

10% |- 7.5%

- Vit.C 01% | 0.25%
- Ethanol 0.5% 1.0%
1.0% - VitC 0.05%

74.47% - 0.03%

0.03%
0.035%
0.01%
72.02%

2

4 (sample 1 4)
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Table 15. Recipe for propolis drink (sample 1)

(10%) 0.5% 0.5ml

10.0% 10ml
8.8% 8.8¢
6.5% 6.59
2.0% 2.09
0.23% 0.23g

vit. C 0.1% 0.1g
0.03% 0.03g
0.03% 0.03g
1.0% 1.09
0.065% 0.065ml
0.035% 0.035ml
0.01% 0.01ml

essential oil 0.5% 0.5ml

70.2% 70.2ml

- 20ml + 10ml + + ( ) +

- + + + C + (

)

- + +

- propolis

- Essential oil(essential oil )
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Sample 1  propolis

propolis

essent

ial oil

Table 16. Recipe for propolis drink (sample 2)

(10%) 0.5% 0.5ml
10.0% 10ml
5.0% 5.0g
3.5% 3.0g
2.0% 2.0g
0.15% 0.15g
vit. C 0.1% 0.1g
0.01% 0.01g
0.03% 0.03g
1.0% 1.0g9
0.05% 0.05ml
0.035% 0.035ml
0.01% 0.01ml
78.2% 78.2ml
- 20ml + 10ml + + ) +
- + + + C + (
- + +
- propolis
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Sample 2

Table 17. Recipe for propolis drink (sample 3)

(10%) 0.5% 0.5m|
10.0% 10ml
6.0% 6.0g
5.0% 5.09
2.0% 2.0g
0.1% 0.1g
vit. C 0.1% 0.1g
0.01% 0.01g
0.03% 0.03g
1.0% 1.09
0.05% 0.05ml
0.035% 0.035ml
0.01% 0.01ml
75.2% 75.2ml
- 20ml + 10ml + + ( ) +
- + + + C + (
)
- + +

propolis
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Sample 3

sample 2

Table 18. Recipe for propolis drink (sample 4)

(10%) 0.5% 0.5ml
10.0% 10ml
6.0% 6.0g
5.0% 5.0g
2.0% 2.0g
0.05% 0.059
vit. C 0.05% 0.059
0.01% 0.01g
0.03% 0.03g
1.0% 1.0g
0.05% 0.05ml
0.035% 0.035ml
0.01% 0.01ml
75.2% 75.2ml
- 20ml 10ml + + ) +
- + + + C + (
- + + + propolis
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Sample 4 propolis

1
2. Propolis
propolis
10 20
55Brix
1:50
propolis
2
3. Propolis
. Propolis
propolis
propolis 20 30 . Propolis

- 71 -



10

4. Propolis
propolis
propolis
propolis 10g 60g,
homogenizer  12,000rpm 10
propolis
polydextrose 30g, 30g, 200g
4
5. Propolis
propolis
propolis , '
propolis ( 40%) 5g
30ml, 159 homogenizer  12,000rpm
20g, 190g, (5.4 Brix) 60ml
160 10
propolis
5
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