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SUMMARY

1. Title : Development of Korean Native Honeybee Feed Using Natural Resources

II. The Goal and Rationale of the Research Project

Honey has been used as a food for humans for thousands of years and
until recent centuries it was the chief source of sugar available to most people in
the world’s temperate regions. Collecting nectar and transforming it into honey,
along with pollination of flowering plants, is an important activity of honey-bee.
The special relationship that exists between plants and their pollinators is a very
ancient means of mutual survival (Kevan and Baker, 1983). On a world scale it
is estimated that about 15% of the human diet is supplied by cultivated plants
that are dependent for full yield and quality on the activities of biological agents
(McGregor, 1976).

Considering that 709 of the country is mountainous district, the utilization
of mountain area to cultivate honey-bee is a very important resource to increase
agricultural income. Therefore, bee-farming industry should be brought up
nationwide to reach $20,000 GNP.

Honey-bee species cultured in our Country are classified into 2 types:
eastern type, Apis indica FABRICI and western type, Apis mellifera LINNE. Of
the 2 types of honey-bee, eastern type, the traditional native species, is cultured
less, because the species 1is inferior to western type, improved species, in
production of honey. However, the Korean native species of honey-bee produces
high quality comb honey, as the species secrete wax well and the comb is easily
broken up as it contains plant resins less. In addition, many biofunctional
compounds are present in the comb of the comb honey. However, in spite of the

fundamental and potential superiority of the Korean native species of honey-bee,

,11,



the quality of the honey and consumer’s satisfaction of are relatively low. The
low quality of honey and consumers unsatisfaction are thought to come mainly
from inadequate beekeeping.

There are two kinds of feed for honeybee. One is pollen which is used
for raising larva and pupa, and the other is nectar which is stored as honey and
used by adult bee as food. Those are collected from flowers and stored for future
use as their food. If the food is insufficient, the bee colonies become weak.
Beekeeper should, therefore, provide pollen substitute and supplemental feed when
foraging activities are restricted for any reason or the stored food is in short.
Normally a well managed colony requires little supplemental feeding, but such
feeding, when it is necessary, may determine the survival of the colony.

Low cost sugar solutions, sucrose, unrefined sugar and molasses, are
usually used as supplemental feed in the farm. As supplement feeding of sugar
solution influences directly the honey production, bee farmers often provide the
supplemental feed too much. The excessive feeding of sugar solution results in
production of low quality honey high in sucrose content (Waller, 1972). Especially
in the flowering season, the low quality sugar feeding lowers the honey quality.
When the supplemental feeding is needed due to climate condition, feeding high
quality supplemental feed such as honey will minimize the sucrose content in the
stored honey.

Even in the flowering season the supplement feeding is beneficial to
maintain vital colony, and thereby flourishes foraging activities. The supplemental
feed in this period should be in good quality. Natural sources of sugars, such as
honey and fruit extract, would be appropriate for the supplemental feed to prevent
lowering of honey quality. In addition, if the fruit extracts are used as feed,
production of high quality honey with fruit flavor will be expected.

Grape, pear, apple and persimmons are the major product of fruit farmers.

During growing and marketing fruits wastes occur with loss of commercial value.

,12,



Fruit growers are sometimes badly damaged by heavy fall of market price due to
import and overproduction. Fruits can be a natural feed source for honeybee
because they have relatively high sweetness (12-18%). Fruits contain many
biologically active components, such as organic acids, flavonoids and polyphenols,
which, if they are fed to bee and transferred to stored honey, has potential to
produce value—added functional honey.

The present studies, therefore, were carried out to develop supplemental
feed for Korean native honeybee using waste fruits which occurred by natural
disaster or using fruits with low commercial value due to heavy fall of market
price. The supplementary feeding of fruit extracts will improve the quality of
honey, and will contribute to the growth of apiculture industry and better economy
of farmers through specializing the native honey as high class brand product

containing biofunctional activities.
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IM. Contents and Scope of the Project

1. Survey on present status of farming and management Korean native bee

2.

1) Present apicultural status of Korean native honeybee

2) Seasonal variation in colony size and beekeeping management

3) Characteristics and fostering strategies of Korean native honeybee
farming

Quality characteristics of Korean native beehoney produced in Jiri mountain

area

1) Storage of honey

2) Quality of commercial honey produced by Korean native honey-bee.

3. Quality characteristics of Korean native beehoney produced in Jiri
mountain area

Screening, preparation and characterization of natural feed sources of

honey-bee

1) Screening of natural feed sources

2) Preparation of fruit extracts

3) Characterization of fruit extract

4. Production and characterization of fruit extract-fed honey

1) Changes in pH of supplemental feed by sugar content, temperature, and
time

2) Changes in pH of supplemental feed in the hive

3) Establishment of optimum sweetness of supplemental feed

4) Characterization of supplemental feed with fruit extract

5) Quality characteristics of fruit extract-fed honey

6) Quality characteristics of grape extract-fed honey

7) Quality characteristics of pear extract-fed honey

,14,



8) Quality characteristics of fruit extract-fed honey stored at different
sections of comb in a super

9) Quality characteristics of fruit extract-fed honey collected in different
seasons

10) Quality characteristics of fruit extract-fed honey collected from different
local areas

11) Quality characteristics of honey as affected by extracting method

12) Problems and economy in utilization of fruit extract as supplemental
feed

5. Screening of supplement feed sources for production of honey fortified with

biofunctional components

1) Characteristics of supplement feed prepared for production of honey
fortified with biofunctional activities

2) Characteristics of functional supplement-fed honey

3) Characteristics of functional supplement-fed honey as affected by sugar
sources

4) Fortification of biofunctions of honey by improving extraction method

IV. Results and Suggestions for Application of the Results
1. Results

The apicultural status of Korean native honeybee and the quality of honey
produced from the Jiri Mountain area were investigated. The Korean native
honeybee cultured around the Jiri Mountain were 122,470 colonies which
corresponded to 33% of total native honeybee colonies cultured in Korea. In 5
provincial areas (Sanne, Namwon;, Toji, Gurye; Cheongam, Hadong; Shicheon,
Sancheong; Macheon, Hamyang) around Jiri Mountain, 54,504 colonies of native

honeybee were cultured in 1,259 farm households.
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Honey samples of Korean native honeybee collected from markets or
apiaries were inspected for quality. Only 45 of the 162 honey samples, comprising
27.8%, were adequate for the Korea Beekeeping Association’s quality standard of
honey. The most lacking parameter from the standard was sucrose content (65%),
followed by invert sugar (61%), which was thought to be due to inadequate
supplement feeding. The excessive feeding of sugar solution results in production
of low quality honey high in sucrose content. The supplemental sugar feeding,
especially in the flowering season, was thought to lower the honey quality down,

with high amount of sucrose and low amount of invert sugar.

In the present cultural system in our Country where the supplemental
feeding is inevitable due to climate condition, feeding high quality supplemental
feed such as honey would minimize the sucrose content in the stored honey. In
addition, feeding fruit extracts in the flowering season may improve the honey
quality, and further develop the fruit-fed honey as a high class brand product of

added value.

As the quality of fruit extract for supplement feed is influenced by
temperature, pressure and duration of heating in the processing of fruit extract,
the optimum processing conditions were variable for fruits; 100C, 1/kg for grape,

110TC, 2/kg for apple, pear and persimmon.

The fruit extract supplemental feed became fermented, being the pH
lowered. The foam occurred during the fermentation interferes with sucking
activities of honeybee. In addition, the fermented feed may lower the quality of
honey stored. Therefore, the portion size of feeding is suggested to be controlled

as such it is consumed all in 1-2 days.

The most favorable sweetness of supplemental feed, including fruit
extract, was found to be 45-50%. Foraging activity of honeybee is highest at
30-50% of sweetness, and if various sugars were given, they are preferred in the

order of sucrose, glucose, maltose, and fructose.
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Supplemental feeding of fruit extract resulted in production of honey high
in invert sugar and fructose. The fruit extract-fed honey was also high in
organic acid content compared with commercial Korean native honey. These
results suggest that supplemental feeding with fruit extract may improve honey
quality by increasing invert sugar and may also enhance biological functions by

incorporation of functional components from the fruits.

Concentrations of invert sugar and fructose in honey from grape
extract-fed honeybee were dependent some on sugar sources, sucrose and honey,
and some on sweetness. The supplemental feed with high sweetness (40-45%)
produced better quality honey than that with low sweetness (25-35%). However,
pH, titratable acidity, flavonoid, polyphenol, SOD-like activity and DPPH radical
removal capacity of honey were relatively independent of the sweetness of

supplemental feed.

Compositions of honey are divers as affected by various and complex
factors, including colony size of bee, nectar and pollen plants in the foraging area
and quality and quantity of supplemental feed. Although supplemental feed is not

the only one, it must be an important factor to affect honey quality.

The quality of honey was quite dependent on nectar and pollen plants
around apiary. The honey produced with no supplementary feed was not shown

to superior significantly to that fed supplements.

Supplementary sugar feeding is thought to be necessary for maintenance
and strengthening of the bee colony and production of honey. Timing and amount
of the supplement feed are matters of beekeeper’s technique, but the quality and

hygiene of the feed are directly associated with the quality of stored honey.

Extraction of honey from comb honey by grinding was shown to be more

efficient in collecting useful components from comb. When grinding method is
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used, moisture content is better to be lowered, and extensive grinding is preferable

to obtain better quality honey.

Biologically active compounds in honey come from feed. The transfer of
feed component to honey is in a complex association with nectar, stored honey
and environment in hive. Changes in chemical composition during transferring

feed component to honey are need for further studies.

Chemical compositions of stored honey were varied with fruits and
sugars. When plum is used as supplemental feed, acidity of the feed was

considered to be controlled.

SOD-like activity and DPPH radical removal of chestnut flower, green tea
and plum extract-fed honey was shown to be affected much by their constituents

rather than affected by extraction methods.

The characteristics of honey production by Korean native honeybee is the
production of comb honey, which makes possible to utilize useful components in
the comb. Therefore the native honeybee species may be superior to western

(improved) species in production of functional honey.

Establishment of reserves for native honeybee farming, building up more
bee forage for natural honey, organization of an association for exchange of
information, improvement of hive and equipments, improvement of feeding system,
research and development of bee—keeping technology according to behavior of
bees, and development of good quality supplemental feed, such as fruit extracts,
should be the urgent matters of calling for the growth of Korean native honeybee

farming.

,18,



2. Suggestions for Application of the Results

Quality and nutritional composition of honey depend much on feed rather
than on bees themselves. Bees collect nectar from flowers and store as honey.
The stored honey is used as feed. If the feed is insufficient, the bee colonies
become weak. Bee—keepers should, therefore, provide supplemental feed, usually
sugar solution, at proper time according to foraging activities to avoid weakening
and to maintain strong colonies. Normally a well managed colony requires little
supplemental feeding, but such feeding, when it is necessary, may determine the
survival of the colony. Sometimes, even in the flowering season, the supplemental
feeding is necessary, which may influence directly the hony quality. When the
supplemental feeding is needed due to climate condition, especially in flowering
season, the feed should be in good quality. However, low quality sucrose solution
is usually used instead of honey, causing inclusion of some sucrose in the stored

honey.

In the present study, we have shown that feeding fruit extract or
functional resources as supplement improve the quality and functionality of native
honey. As the fruit in this study premises the use of byproduct occurred by
natural disaster and other reason, bee farmers may have a close relationship with
fruit farms to get the resources. The bee farmers should also be suggested to
consider carefully that there would be any technical problems they may encounter

in relation to preparation and storage of fruit extract and production cost.

In spite of some possible risk, when we consider that the consumption of
honey will be directed to health improvement-wise and pharmacological
function—wise, bee farmers have to be concerned about the use and development
of natural feed, such as fruit extracts. Especially the beekeepers of native
honeybee have to make every effort to learn the behavior of bees and feeding

system to produce high quality comb honey and biofunctional honey.

,19,



Finally, the government have to recognize that apiculture is necessary for
high productivity of agriculture and use and conservation of forestry, and the
government must establish plans for bringing up the bee farming industry, taking
a lesson from the examples of developed country. Especially, building up more
bee forage by changing the forest to nectar and pollen plants should be the most
important matter of calling for the growth of Korean native honeybee farming, and
research and investment to bee-farming are suggested to be expanded further

upon this opportunity of the present study.
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CONTENTS

Chapter 1 Introduction ................................................................................................ 25
Chapter 2 Domestic and International Trerlds ..................................................... 2’7
Chapter 3 Research Contents and ReSUltS ............................................................ 29
1. Studies on the Basics of apiculture ............................................................ 29
2. Research contents and methods ................................................................... 82
3. ReSUtS and diSCUSSiOH ..................................................................................... 89
4. Summary ANAd CONCLUSIONS #+rorrrrrrrrrrrsrererrrnnmnneettetti e 173

Chapter 4. Degrees of Achieving the Research Goals and
Contribution tO the Related FleldS ..................................................... 17’7

Chapter 5 Plans fOI' the Utilization Of Results .................................................... 179

Chapter 6. Scientific and Technological Informations Collected

during the Study ..................................................................................... 181
Chapter 7. Education of beekeepers and application of results «oeeeeeeseeeeees 183
Chapter 8 References .................................................................................................... 205

,21,



,22,



Zﬂ 1 7((:]‘ ?1?7]11??}31/}_}“94 7H—8— ................................................................................... 25
A 2 A UL F]ETNEE BIEF e 27
A 3 AP R L AT} e 29
Zﬂ 1 ;fﬂi %Hé] ,\]_001:9] 7]}_ Jz_/\]_ ......................................................................... 29

1. ZHOl GAFYF AFS B BF e 29

2. Hng Aﬂgﬂt‘;}—;ﬁl ETXJ ..................................................................................... 39

3. ZH O] AFGETEE]  ceerererrereee 48

4. HE-I%Q Aé,ﬂlﬂ‘_jq_ l_ET}\é ..................................................................................... 70

5. S LFEFE] T AL GJA}F e 79

A2 A ATFANEE R OHFH s ]2

I B a0 T O VRPN ]2

D H E ot {3

A 3 E AI W DI sttt sty ]9
Logeivtel E5wel AASAG @ ARFTEle] BEE FAE s 89

2. A5 ESE 9 YAl P ESEY EZHI EA 104

3. AALANY B AZ L EA 113

4, BZF2] o] 8 = AAL TO] EA] 117

5. E%%g} 7]%§% _ﬂ@_ 1‘6]— vé;]}j' %0_1'194 I;:j]—}\_]]J ..................................... 158

A 4E QL T B e s 173

xﬂ 4 7@} %E%"@E gl _gl-ed%o]:oﬂp% 7]0411:_ ....................................................... 177
xﬂ 5 7@} Qj?—ﬂ]t‘l?}z__,ijq_g %%ﬁ];@] ........................................................................... 179

,23,



- 181

& <) 7} 5

ki3

S oA 4

TN

A6

- 183

- 183
- 183
- 188
- 195

A1 A

- 202
- 202
- 203

A A

M

SEE

A 2 A

B
o

)

xw
Hin

e
K
0
)
o
oy
o

o

=4
ol

2. A2t A BEEO ALS de 2 A

- 205

P
al 7

e

Al 8 &

,24,



Ao o] T

b
o

A1

o] A

}

N

d

KN
s

stolgte,

o= ol

He
<
o7
Ho
e

"

]

—

-

HK

o
all

<
|

o]

el

el

of

A F7Fel M AL

N

oy
2l

o

—_—

Mo
o
ﬂ
e

pl

o

0
—

—_—

0
Mo
o

o]

Mo

el

o

A&t Qe e

Holn & RAA7] wiol

I

wol Bol sl Ut

el

do
oF

PS

dato] o2

)

77}

he

BN

< o o

HZ3
_’__'31.

ENEE ]

o]-&3

o))

A o] 43}

—
1o

SHA o

445

A e el uhekA A7

1]
=

a5

3
T

ot

of of

-

=] 7}

2 A7 HAY &E7)

o) fdelo.
¥ Abss}

3

A= AdAs =

e

4

I

5 7

G

S T

=

Z o}l H o]

EF

L
R

5=

o [e)
d& o

A 5

=28
=

TR

A s

zel
il

o)
2

B

A

of B4l 9 %9

=
=

ol og Aanzt

A7F A7 el o

=
°©

g= E

47,

WolmA A,

o3

1
.

7kl A

=]
fLE

A} S35 7ke] AR e of

HAl

o BL QNS

o)
=)

ol

Ulo

B
el

)

etk 22y fFE7jgs g2

S

b 2o Fdol A

= Hols

oo} @ U o]

ks

&!

HolZ Hol

=
=

ol7F E7Fud well= FE e Hol(&)

= do| 7

10

o

e
Lo
joh-

)

,25,



B

——
o

oF

el

o))

o] W Folsh=

= At

of Bolub el WA P Fol

—_
o

H71

S

o] o of

3}l o]

L

.

17h glot Al #1714

TFx

3L

K

=1
=

I Aol B3

5o},

o

EZTEY

L

R

2 3

=

=

s, $2ue 25 Hy

S
[e)

=

oF

WS EFERE A

) g o

o

24 HA A= g Holm Ao o]§ 7}
el

=

BFE7F woh12~18%)
AL ARl

KeR
T

R
Ha

el

o Al RR ¥

Fol

3.

&=, i, ARt

aL

i

ol #4

L

R

sho] Aats)

S

ol ol

%

17])el e AL

o

I
el

zel

il

fol %7 728
— 26 —

©

= 9l

=

5. EFHEe| Bz}



ol

1
.

5t

o

BT
Hol 43

ol A

vl
=

ol

~H

s

o]

= (3}

L

o

3

H| &

fLS

=]

ol A

2
=g

wojo]rx

3
Gl

w
XO

—

—

A
2l

ol

ol

) G AbR7E AAtE A

=

&8 (71 ‘j”o]:%, A 25

L

L

sfofo

S

gl

o

AA 5
ol A e

=
=

o A

S
=

of Wil 38% o] #

NS=5-1

o))
A

T

Ho

kel
pal

1o}

ted oF

S

T
ey

EEERCE

7HE 1/3, &A

o] Ut
Haydak(1959)> 7F& &aAela ZAQl dAstEezs F7FF(Ao] 5~7%¢<]

o

=

= =
-
=]

tH(Doull, 1980).
ol & 3}l

}

kel
pil

o

R

(1977)

9t

=

peanut®, EX &, €7}
a1 1/3, Ax3E Q7]
[e)

Herbert

Bl

ol

B

—_
o

™
5%

R

gl

-
Nfo
!
=
v
o]

o

,2’77



qof :.L o ,t|t ~ % ﬁ_OI \_IV‘VI
i = o e & w
= T ok 5
§ oy i . % e A
. N o w ca
= © ‘UF il ol X MU_H HLU
N < = g2 o o
o 8 oy o =2
o o Aol o W ¢
&0 w s B X 3 -
< _ o — e M o
nﬂ_ ) ° X £ = oo O o
nl o 7 R o
o = Mox o= T & T
0 _ = 8 P T "H T —
- T, 5 OF Mo w B W oy
g : o~ p om N
® £ oy uo o o
Toe L RSN
r » L. FTIEI4l:
= i o 9
oS = W T o v ° g8 B oW
= W A o o ok W "
%o i T Ao ;ﬂ TR %u < o
i b - Z oo I
= e oy oF o o A
" i) wn < R A
e g = T D om0
ol o T B i~ o
H_T_ B :i . EL OME (@) EE B E.E 1_,_Al
B2 BE no D DE koG
) i T B W = v
Lox L T
- ) o o w% o wo T M % ® X
= B oo . W N9 o
m_ﬁ @H = % EW & ﬁoI o ol Er o o
. hPAp PEEETLoET
Ho mo < T < © X
é. o R g SOCTTRN -
S o S o J 0T o T H o My ©

ofoF e},

=

ol Al Holo] AR BE FlH7] o

o)A}, mekA Fol ol EAo]

,28,

Tt
d

k)

112

o

=
Corn syrup¥

of &2 Ao

)=
RN



Al
[l

oK

0fo

=,
o

H 3

3 9wz} ASE

S

=
L

AAA ez A

il

1
.

FaL

°

A <]
A

e}
[e)

=

12

Ry

5 A9

L

IR R ESE

NEERSE R

[e)

L=
=

1. el olabsh AL
|57-9)

AN A

il

A1 4
o] 5ol 4

N

)

A}

= 7]

)l

&

il
ﬁo

e

1=

BC 1450

47]

A
ax

]

RS

A
1, B9l
Lorraine

=
==

o] &3ttt FHARE
Lorenzo

18514

=

1\;]__

#HA 1 g}t BC 5000 74
AN

[e)
MEL

o

=

UH-F ot} cork
T

o 2

=

=

| 2

o]

WS- tH(Graham, 1992).

M EE
464mm, Z°] 242mm= 107 ] AH] 7}

Atk BC 2000 7
Langstroth(7] =)ol <]

0

Ajm
w

o
o

&

K
J)

bl skom, w7t o] FolA gk

o =
o ©°

S
S|

)

=

s
,29,

I

o] WA g ojgkr} 1857 Johannes Mehring (5 )ol| <

of

=
S

o] o] &5t} 18659 Franz von Hruschka(ZF)ol

=2]
=

°l
]
H
3=

5
1o
=

%

H

18

H
=

) Az7F EE o



3)

g]

Aol

=
-

Prokopovich®} t©}

o=
slot queen(%&)o] aLQtE[ o] ARG E Uth. 185004 1900 7bA] WHAIZ] &<F A A}

AL77F AdEen, 1800dt %=

3)

9]

Al AF-8-= 31 9t Graham,

3|

A 2]

el ¥

=2]
=

1992).

23.8(18.7)x23..9(18.8)x8.7(H)

KN
T

bogls WY 7

b dAje] =Sl AL

o] ¢F 1/827]1}.

1del] 7~871&

L
L

&7kl A

7t E 11~1312 94

=5 FEokd of 19(1.82)7F At

Eal

A

pul

kot 17] 9]

3=

= =
o [€)

3

AgRe s F

al

—_
o

T
B/

.erv
N
el
olp

%

e
1o

ao

—_

A s e R e

R O e R B o

EZ

|

A2 E

N
il

ol

1o
M

ol
A

;OE
ol
i

1o

o
<

o]
L

o

# A9

F717F o1& ¢

5|

,30,



Fig. 3.1.1. Changes in hives for western type honeybee.

(continue to next page)

,31,



Fig. 3.1.1. Changes in hives for western type honeybee.

(continued from front page)
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Fig. 3.1.2. Changes in hives for Korean native honeybee.
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Fig. 3.1.3. Environmental temperature and formation of bee circle
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0

T, §7] Toll wepA o2
(Shuel, 1975). Waller(1972)° <]t &3} A& A TFE7t 30~50%d o HE
of #EEs HAUE FEAUY. Pear nectar®} Fo] 7 FHFo] A2 AoA= ®He
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Fol A AA 1 F2 v o] tH(White, 1977).
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Table 3.1.2. Average compositions of honey*

Standard
Component Average o Range

Deviation
Moisture 17.2 1.5 12.2-22.9
Fructose 38.4 1.8 30.9-44.3
Glucose 30.3 3.0 22.9-40.7
Sucrose 1.3 0.9 0.2-7.60
Maltose 7.3 2.1 2.7-16.0
Higher Sugars 14 1.1 0.1-3.8
Free Acid as Gluconic 0.43 0.16 0.13-0.92
Lactone as Gluconolactone 0.14 0.07 0.0-0.37
Total Acid as Gluconic 0.57 0.20 0.17-1.17
Ash 0.169 0.15 0.02-1.028
Nitrogen 0.041 0.026 0.00-0.133
pH 3.91 3.42-6.10
Diastase 20.8 9.8 2.1-62.1

*Data for 490 samples of U.S. honey (White, Riethof, Kushnir, & Suber, 1962)
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2) ®eol 7

e uFE 95% o]4o] HA doltk. ALl sugars, monosaccharides©]il,
sugarsy WA A7) ¢} E3HAo] thebA] & gth. monosaccharides7t Y W E-3
F FEE o] drl Fo ©F& F= dextrose(glucose)®t levulose(fructose)® I o]
gom 1 9 sucrose(table sugar), lactose(milk sugar), maltose(malt sugar)2}

disaccharide, oligosaccharides & o8 T/ 53 do] oAt}

%
FE = AR e AdY FTF G2 AGFH d& < He g4 E F
o] Aboll &l FA R glucose} fructosed A T 85~95%0|n Fo T Ak

=242 54& ZAAY. d-fructose> O FF
d-glucose®.tt ©] # ==t} & AAHL #o ¥3} FoHoZHE glucosed <+ ZA
dog FelHe Aol

Ho A TAEE 3709 F2 carbohydratese mono, disaccharides, higher sugars
= o TR Al wek Aelrh vk wo =24 542 glucosest fructose]
ZA] webA tr2t} glucose$t fructose?] HI&L HE AHE &= & o 44
"o} vjmro A ABAE = 4397019 E& HAFSE A3 fructose® Tt} glucose’t o Bk
tH(White &, 1962).

3) we] A=

He FErF E7] uFdd 5We] & s AR ¢ gy ¢ 3 AAE F
2 citric Ato] ®ekem 1 € formic, acetic, malic, succinic AF& Aot} 1960

d Stinson 5 #9] FRAFS gluconic Ato]l i dextroseZH-E FE=¥ vt 3t}
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Aol BE FHo|+= gluconicite] o™ glucose oxidaseo] 2]& A ®T FHol
A E= 59t bacteria®l EFoll 23] dojutrt FHo| B0 A= b T Aol=

H

o] ¥7 AZEE 37, BFAHE, 2 sugars®E, glucose oxidaseo] uwhzh ZAHA
Ht}H(White, 1975)3 3%k}
A 5(1962)2 HoA 7T~8F< F714F &S

o
o

AN Baustglon, o F(1971)2
A E HEol| A citric acid, succinic acid, oxalic acid, lactic acid, succinic acid< X
18R, A51989)2 e HIAAM= E 4 §lE tartaric acide] WEI EFEHAA
303.4mg/kg, 142.6mg/kg = sltial ®iskgi.

woll 5o e b e pH#te = yERdt pHS
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o] Fr|%E ke #Hi 0.17°4 0.02~1.0014 thksit) Mol R o] ure
HA A Ho ¥ Erh Eo E9dv F8& F7]|ES potassum, calcium, sodium,

phosphorus, magnesium, iron, copper, zinc % °]t}.

5 &4

7b Invertase

HEo] 50 Q= G4t UFEE He Euld s gRFsA Ha tdias 229
47 x3EL 39 invertaseE EBR B9 7R gEY. sugare AEH

invertaseo| 23] HAEFT} sucrose EIMEAE T T

foi

gAaEA EE sucroses
ok Al glucose?t fructose® HFFE= FAUh #o] A= uwf ¢ F7psicth o
invertaset= yeast invertase®ti= TFETE Fol o] A= 849 AL Ho AL

wo} 7)2re] wep g
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S A A HE A A BAA o R Qo ERIT,
sucrose $raFo] =L HE 24~30Ceo ¥ F &= 3 7 T d3tase] dFo

2 AR FE7HA Wzttt al @k (Deifel 5, 1985).

1} Glucose Oxidase

olgiy oA FEH|HO] nectar® fFYETHIL FTH(White &, 1963). £ o]
A= Zok A8 #Z9 glucoseE gluconolactone® A 3A 713 1 =S FH Ao
Eo] 9+ gluconic acid #FH¥ Zt}. FoA = glucose oxidase activityo] Lojubn,
A EE peroxides 9o BE W QAo RHE AEE o]FEr 7]|ojditt 4o
A4S SAHsIEE BE gAstofof g, B4 EFor AAEE A ol
= Aow d# AT, Eol:E pinocembrineo] e FotFA L o]FE= 4 E Qrtn

3 H(Graham, 1992).

t}) Diastase

o] & destroys starch®A <4 Ao HEHE EH[Eo] & {FYH
oA del & gadAn. 43 #dyr
woll = 7FEA el e F<k ol &=kt 30TelA 20047 Bk Al ARk FEo
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de ArAE 35-65%= AAAoA wAEE= B g Aol th(Marshall?t Williams,
1987).
woll v 9id HAHELD ol meA dd

-
Paine’s (1934)2 &A= F&4d &4 of dyto] duldolegla shgt)

%8

7) ofv] =ik

Hlehel el H Ao ot ofmmAbolth Eo] AL Aol whebx ofw| 4k
Aol tE F dom, HolERE f9E F v HEdE 53] prolineo] $-Alst
t}. Davies (1975)% #A A5 AwtiA] AE3F 2™, Bergner®t Hahn(1972)2 A&
"ol & 1370 A&l 89% 7} proline]l A& er 13709 Az A= 75%7F 4
=5 Aot o =9 prolin S W 53.3mg/100ge] L Eol Eo] A& ofw =4t
< H3 s g ga4eke] Al wekA va2dn

8) wo]
@ol A3l pesle] AT BAolPa A AL Ao flrh we Ao wal

Hol drta A ® A sty AABES Ae) LAl AoARE w¢ v

o ga, Ao Qe AeZA et ve A e A84 AntE F84 Aol

o
X
ot
Ho
ol
ol
fd
%0,
o
B
ofo
ox

S~

A2 2o A= carotenoid ©]t}. Polyphenols©] oA
WA Absle] 9] ofF Mo 2 FHrtl Amino-carbonyl ¥F3-ol] ]3] melanoidin
o] 59 ¢lal flavanoid MAE nactar®t ¥ % FEOZHEY FHYJr}. & AF
st & 7tetd o T AMow vk Eo| AL et pHEdth We Ao =
Tl gk gho] vk &= AL et gyt

=
ol A2 dntqor FAN #HFHE AL

_I

9) Hyroxymethylfurfural (HMF)

o] &2A & monosaccharide?] #3|2tEo|t}y. 53] 4F AEjol A 2] fructose’} 3l
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7% st HMF2 ©ed &
S of AlZbol] wheba dojubm o= &AC] vl QIR Aow YFH
o] FAFLE AL} 7ol ¢S weth HMFHS &H] ZolA Rt 5 &9
Ao oAl AR A Al 9 Sk

A Eolgte HEel HMF #2 #& Solke dojd & 7] wiol HMF g2
2 E5 X9E 7tevle of g

+ caramelization = mailard ¥H&ollA A7]= EIAMER vEARE W

wea o 23, HMF A2 fructose $H3Fo] B2 &2 F3lo|u W H U= ol7lA]o}

ol & fdo] QkAS JHZ FEolytth Fio w2 AAHI ZAY= F
dextrose I F53Ith o AHL H T sugar A, FEIE 2= #HY

), e =& AAE ZHA Al wiEol BAAQ Bk AARAE et o] 2
A4 &2 -2 monohydrate of dextrose®]t}.
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Fe A AA A o 15%0] &

% (nectar) & A #9] WHORYE Rulst Fojoln, ofulwat, §714, @

AWk & AFE A, dextring 71 &, B4 5 3t (Baker?t Baker, 1983). &o| df
g 3, dYY TR, FAAL S wEbA 4~5%0 2 8EH 60%7FA °ol2i F
1R FqFo 9urtA LAFE G Brewer 5, 1974). 3tdo] Eo] Y FQ G

sucrose, glucose % fluctose ©]™ (Percival, 1961), 32<& & ZAld uwz}A a)
sucrose’} A3 nectar, b) sucrose, glucose, fluctose7} A& H|E3dA S0 Y=
nectar # c) hexoses7} 5-A&k nectar 5 &= EF37]%E g

Hol AegdS Fo Ao AAE EoA] sucrose’l Wol AZE¥cHWaller,
1972). B2 sugar Al WA nectarS FH37| B Y+ nectar’t FHsF 47
BE e #FoR2RE FHgta ok (Southwick &, 1981).

nectarel £°] Q= obv| At SEFS U vol HoAlE ¥ Efo] hHY F ¥
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Table 3.2.1. Feeding system in winter and experimental period
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1) pH
HE Alg 10gS THITZ 100mE 343t pH meter2 34 3}
2) Me
ANz Fo] Me AMAA(Chromameter CR-200, Minolta Co.)E o] &3] A3l
A 37}+= Hunter L(lightness), a(redness) 2 b(yellowness) #2.2 17|35}
¥+ ME3HS  Minnolta calibration plate(No. 20033044, Y=92.7, x=0.3136,
y=0.3195)& AF-&3Fth
3) g&
B (turbidity) = ¥ % 10gS S/FFZ2 1002 34 ste] 34 660 nmolA F3 =
s S4s9
4) &
TS A BE 20T =488 S48t FEIRE o8&t FEFS ket
Atk
SEHA 1 20T o)A % —————— 1°wiT} 0.00023S o gk}
20C olate] &% ——————- 1°vic} 0.00023S #h ),
5 3]
H A7 5~10gS Eolr AOAC I EZAHH wet A5
6) dstd 2 2
H AR 1 gs 7T 6mol 59 o EUERS o835ty F HIE 100ME %
Asko] 50um membrane filter® o] ¥8le] HPLCZ E241389) 7+l & JhH 3to] =g
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o Astm AWE BolE FHF SmE, TAEY BlE 02% oFAFRUER
89 5mE Hol F EFF g AUEAL FHRFE, FAEAL JFAFAUEF

AA 100g S & 7ol Holx dHEzay s Ao o] 1023F A &HE =
A TAS Jebd f7tA 0IN FASUEF gHoz Z A
|2 A A= (meg/kg) = a* f*100/s
ar A7 2vlE 0N FASIYEFE& A ] F(me)
FrtsGEF G e] o7}

)

a<]

9) Flavonoids

ZHE 5 8 343 & 05mlo] ethanol 1.5ml, 10% aluminium nitrate &<}
0.Iml, 1M potassium acetate &9 0.1ml, S5 2.8mlS 7}&] 3] wnkste] AL
oA 40837+ A F FFFE blank®E 3Fo] 4156mmold §FE=E A5, HER
quercetin % ZThHmolE &S AMEolo] HEFAS Ao T ETHEolEE

2bEskA (o] 5. 2001).
10) Total phenol
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H(Bray®t Thorpe, 1954)o] <=3te] A9t =7
T2 100 ¥ 343 #F Imlol Folin-Ciocalteau & <4(108] 348 H) 0.75ml< 7}3t]
Ao 5EZF Wxe S Na,COz (6%) &4 0.75 mlS 715t F83] &3tslo

Ao A 608 WS AA I 725nmelAd FHEE A1, WER caffeic acid &
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11) SOD #AFEA

Superoxide dismutase (SOD) FAFZA S Marklund2t Marklund(1974)¢] o ulat
ATk 2heFe], SHE 5 vl g4 e # 05mlol tris-HCl €%-84(50 mM Tris, 10
mM EDTA, pH 85) 3.0ml¢} 7.2mM pyrogallol 0.2ml& 7}8te] AF-2ol4 10%7F HH8-A)
Z1 ¥ 10N HCl 0.Iml& 7Fsto] whE-& AAAZIAL wk39 5 AFshE pyrogallol®] ¥
420nmel A =743 gH(A), pyrogallol tAl buffers H71ste] =S 43 3(B), A=
4l buffers #7bste] =S A OS2 the] 2o oste] Altslath

SOD-like activity (%) = (1 - % ) x 100

12) A&l (DPPH radical &4 %)

ol HAFo]5(electron donating abilities) & Bloise] HWHo| F=sle] =Aslih
DPPH(a,a’ ~diphenyl-f-picrylhydrazyl) &2 100ml ol|€t2<] DPPH 16mg e
S 100mls 7Fstol Whatman #2 o A2 o 3tate] ARGsqith S/F= 5 v 34
3 20uE 96 well platee] 21 DPPH 100E £33te] 58 7H4 02 540nmolA &
Atk Almek DPPH H7F 719 F355 AT (S A& o
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Fig. 3.3.1. Changes in native honeybee colonies in Korea
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Table 3.3.1. The geographical distribution of honey bee farm in Korean

Number of Number of bee colony

Region honey bee — Western Korean
farm honey bee honey bee
Seoul 122 19,953 790
Busan 109 12,707 1,580
Daegu 170 14,349 211
Incheon 127 5,896 146
Gwangju 236 15,833 611
Daejeon 464 10,869 297
Ulsan 1,824 14,709 572
Gyounggi 4,245 57,546 7,699
Gangwon 3,067 83,458 27,797
Chungbuk 3,280 98,727 9,969
Chungnam 4,146 92,527 12,190
Jeonbuk 7,018 58,915 64,471
Jeonnam 9,304 90,090 59,484
Gyoungbuk 6,295 255,163 17,157
Gyoungnam 244 136,839 39,845
Jeju 29,616
Total 40,651 997,197 242,819

Aeabe 485 Wkm'ol Dk Bole weleh Eale] Lok 3208 zo] D= A
WE dolth. ARFdon: A, A%, ddel 3%, 5%, 159 AA sl
' 1700mol 4 B3 8927} 671 (kb g, Eul%, AA%, ARE, FB, 8ol
1500m7b di= B2 15700tk @45 A e A AAche 08w
A AT A WA R AT 14925k, AT AW F

o>
ALk
D)
=y
()
O
(o))
(@)}

i

2
K,

O

P 30E AR T Fobd 9 14.068kr, FHFT whHW M REE X
10.054km, A el ASAF 2 AL AFAE AT 301k, AE FRHA] FHE ¢

FEEAT 1.343ke F7FE HYE dAgolgta (A REFH ], 1993).
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Table 3.3.2. The number of inquiry and response rate of survey

Inquiry  Response(rate%)

Gangwon Yangyang 10 5 (50)
Jeongseon 10 7 (70)
Injae 10 6 (60)
Pyoungchang 10 4 (40)
Chungnam Keumsan 10 6 (60)
Buyeo 5 2 (40)
Chungbuk  Chungwon 5 2 (40)
Jeonnam Guryae 120 86 (72)
Haenam 10 4 (40)
Jeonbuk Namwon 20 13 (65)
Jangsu 20 11 (55)
Sunchang 50 24 (48)
Gyoungnam Hampyoung 20 13 (65)
Sancheong 20 11 (55)
Geochang 20 9 (45)
Habcheon 20 13 (65)
Hadong 90 68 (76)
Gyoungbuk Kyeongju 10 4 (40)
Sangju 20 8 (40)
Bonghwa 20 13 (65)
Total 500 309 (61.8)

- 100 -



Table 3.3.3. Survey questionnaire for beekeeping of Korean native honeybee

0(42)  40t(72)  50t(66)  60TH(129)
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o
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7.9 F AsAA Aasls Fo Fe? o)
10 H Rk 1607, 10014 202 729, 204 30%: 159, 504 1002 169, 100 o]
A 37

8 9 & & T A Hu & 2 ( =)
15 o)A 55 muk: 82, 5% el A 10%: 93, 105 ©]4H:134

9. dA #Anjste= FEE T He @27 ( )
19k9l: 12, 29k9d: 36, 39hel: 42, 4Whd: 11, 59k 81, 6%k 16, 77k 37, 8%kl 10, 10%F
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Table 3.3.4. Quality inspection records of Korean native bee honey in recent years

YearDemSlon Suitable(%) Unsuitable(%) ’2? tﬂsgggﬁg
1993 410(95.6) 19(4.4) 429
1995 91(75.8) 29(24.2) 120
1997 40(26.0) 114(74.0) 154
1998 116(56.3) 90(43.7) 206

“Data collected from Jeonbuk Bee & Animal Cooperative Association

3 3.35% 3362 20029 5F-H wid ATl AR(ESE)S 1070(A70=1%) &
stol 3d el AAM F2S A 23 k@ oA 2001 9. 14 5H fstar

A HEBAAAL FAFAVIE(GES 205%  ©ls, 3 06% olsh, Atw
40.0mea/kg ©13h, Hehd 65.0% ©4, A 7.0% ©l3h, HMF 25 mg/keg I3k, e

Mk Qg gulzs AEHeNE HH, ol 4ayR YA ) AFH A
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Table 3.3.5. Quality of commercial Korean native bee honey from 2002 to 2004

Years No. Moisture Ash  Fryctose Glucose E;Vge:rt F/G Sucrose  pH chzgal
1 158 016 3589 2635 6224 136 82 6.57 16.75

2 184 013 3652 2927 6559 124 69 6.50 16.80

3 188 013 3426 2880 6306 119 74 6.52 1681

4 190 012 3512 2810 6322 125 7.7 6.4 17.23

5 170 014 3857 3175 7031 1.21 4.2 6.54 16.69

2002 | 6 172 014 4203 29.03 71.06 145 47 6.55 1641
7 153 016 3130 2465 559 127 196 654 1599

8 217 010 3254 2844 6098 114 73 654 1722

9 169 015 3254 2513 5767 130 137 647 1717

10 1577 016 3252 2903 6155 112 126 649 16.61

Mean| 176 014 3513 280 6317 125 92 6.51 16.77

1 195 012 3618 3113 6731 116 7.3 6.62 1564

2 189 013 3572 3002 6574 119 9.2 6.61 16.46

3 208 011 3207 2855 6562 130 46 6.47 16.58

4 186 013 4086 2709 6795 151 51 6.54 1544

5 179 014 3168 2787 5955 114 139 655 1655

2003 | 6 207 011 3503 2993 649 117 64 6.42 17.08
7 152 016 2626 1929 4555 136 289 658 16.08

8 181 013 2857 2247 51.04 127 223 654 1501

9 202 011 3760 3028 67838 124 50 6.60 15.63

10 172 014 4252 2672 6924 159 45 6.57 1531

Mean| 187 013 3475 2672 6248 129 1042 655 1598

1 172 014 3402 2632 6035 129 101 652 16.82

2 172 014 3365 2564 5929 131 114 645 16.02

3 180 015 2849 2162 5011 132 218 655 16.04

4 171 014 3500 2727 6227 128 89 6.53 16.85

5 202 011 3450 2727 6177 127 83 654 16.95

2004 | 6 177 014 3299 2423 5722 136 130 653 16.34
7 191 012 3744 2972 6716 126 6.8 6.48 1740

3 184 013 3026 2389 5415 127 165 655 1649

9 196 012 33.00 2984 628 1.11 6.2 6.50 16.87

10 164 015 4546 2551 7097 178 57 6.60 1532

Mean| 189 0.13 3448 2613 6061 133 1098 653 1651
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Table 3.3.6. Quality inspection data of Korean native bee honey during recent 3 years

Years 2002 2003 2004
Moisture 1758 £1.94 1871 £1.73 18.09 +1.22
Ash 0.14 £0.02 0.13 £0.02 0.13 £0.01
Fructose 35.13 £3.29 34.65 +5.12 34.48 £4.58
Glucose 28.06 +2.13 27.34 +3.77 26.13 +2.56
Invert sugar 63.16 £4.83 62.48 +8.03 60.61 +6.01
F/G 1.25 £0.10 1.29 £0.15 1.33 £0.17
Sucrose 9.23 +4.72 10.72 +8.48 10.87 +5.08
pH 6.51 £0.05 6.55 £0.06 6.53 £0.04
Total acid 16.77 £0.39 15.98 +£0.67 16.51 £0.60

9= (No. 1~No. 4)¢] & AA A=
Aot

FA7 EA FAR AL
oA A AE

% EFES TYS 4 94
Aol om, YRR
ugo] ek,

a3, Fod 4=
T (6%),

R
L

#3379 2u AA Ay, el EA

o}

A8 (61%), A

Table 3.3.7. Quality inspection data for honey imported from other countries

Moisture  Ash  Levuiose Dextrose ISr;\;e; F/G Sucrose pH ’Ir;gjfdal
No. 1 172 017 3819 31.28 6947 1.22 1.31 391 29.12
No. 2 169 0.15 40.0 29.30 693 1.37 5.5 3.05 31.21
No. 3 152 0.16 3794 33.09 71.0 115 6.6 3.27 27.85
NO. 4 178 0.14 4063 3449 751 118 3.7 413 34.53
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o] FPJTE 8pl4W oz F A9 62%°l oo, F7F £ 301157 th
sAdAT= 5 A T
1,166 o= 71 Advh. ETE AMSASS B 57 A - 7o AR 122470
o2 vt F EFH 37500059 oF 33%S Ab&Eta itk Aeak A3t b
oA 57 GG, BA, A, AR, AIA, mR) 9 AMSE ke 1,259 7FR AL
F% T 54504010 57 A9 F HE Weol AMFEA A= W FHA AW
o7 204 F7Fol A 17,560 A3
T 4 4,11

AR Al He] 2580 o2 THY wWeokal, skt A dHol

o 147 F7lelA
AAZE A2k Fola EXWE xgste] 1w AteHoA HEAHoR ARSI
ARk FeEwe 3 ) HelA EFH AgErl B 5 S EXW 269 FrolA
6948 = 154 7ol A 3629 B, AHEH 255 wIbol A 5945 S AMSEta 9l
ATk o= w9 HA AbFE7F 781 F7F T 678 FIFlA 16522 T& Ao,
370 A A F7H2,028)9 33%7F EFHS AMSEla e $ElveelA Ad EFd

FF EFUS HESD K4, BAAAY GAAE A% A 2L 0, 94

- 109 -



Table 3.3.8. Agricultural status of JIRI mountain area

Sanne Toji Cheongam Shicheon = Macheon

Namwon Gurye Hadong Sancheong Hamyang

Area (ki) 103.5 1014 75.6 127.7 107.5
Total population (person) 2,186 2,957 1,728 4,482 2,330
Nammber of farm 529 625 374 860 690
Farm population (person) 1,602 1,666 1,166 2,580 1,500
Cultivated land (ha) 663 625 103 873 797
Paddy field (ha) 371 382 76 601 400
Upland (ha) 292 243 27 272 395

2002 EA

Table 3.3.9. Status of Korean native honeybee in JIRI mountain area

Sanne Toji Cheongam Shicheon Macheon

Namwon Gurye Hadong Sancheong Hamyang
Namber of Korean beefarm 204 269 147 285 354
households (724) (781) (703) (887) (1,032)

17,560 6,948 4,116 10,880 15,000

Housebee hive (33870)  (20227) (15374) (26562) (26,437)

2002 A, () A -] FA

2) At A B srke E 54

A 4 5 AGN Aakeke B3 B usHe EFES M)
AaAA AGEE A7 5 FARRE 2 1949 B2 TYsel FAL Ao
HAAF A= 7 33107 2

AA ARE RFRPANA 2008 92 1A% E Adeky = BEFAAA F
At A7l TFES 205% ©ls), 3 06% °©ld, AF%= 40.0 meq/kg ©lah, Hstd

65.0% o4, A9 7.0% ©]3F, HM.F. 80.0 mg/kg ©]a}, E}=Z e} 9137

o

14
=
il
rr

)
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7Wel AlErto]l Aeksilon 1 &2 28%¢°l = 3skad

Table 3.3.10. Quality of Korean bee honey in JIRI mountain area

Other Sanne Toji Cheongam  Shicheon Macheon
Namwon Gurye Hadong Sancheong Hamyang
Water 1764+221 1750+1.25 19.20+1.40 19.36+1.51 19.98+1.04 17.80+1.87
Ash 0.14+0.02  0.14+001 012+0.01 012+001  0.11£0.01  0.14+0.02
Invert sugar 57.84+9.06 57.70+3.31 61.96+593 6254+3.77 63.02+1.69 62.14+453
Sucrose 1454+£104 14.16+4.01  9.66+5.07  824+348  7.36+0.66 10.10+£3.92
A FEERE Aol /EA vgd Aol AY BRI e AY Gl

AT it B2, HMF= #4504 74l ¥ 2A47F 94

57 A 1 29 B4

stgon A Azt

e
oft
S
)
N
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ftew = w 5 ) Ao

nEEE e

A Alke I

AL 92

]o] 114017(]

o} o)
S AA .

zo] B} el #(29}
71ek 4 A A

Aor AREANe

¥ = 3 (Goodwin, 1991, Farrar 1973, Jaycox
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1962)H.t} =31, Sorkun 5(2002)°] ®aldk el LAA EHo] Hit F AL 29.33%

A B =] F AbE 1469 Huhk =9k
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Table 3.3.11. pH, total acid, flavonoid and color of Korean bee honey in JIRI

mountain area

Sanne Toji Cheongam Shicheon Macheon
Namwon Gurye Hadong Sancheong Hamyang
pH 4.21+0.11 4.09+0.07 4.21+£0.25 4.13+0.04 4.21+£0.55

Total acid (mEq/kg) 32.00+10.83 39.5045.77  47.13+24.68 36.50+2.65 33.50+9.90
Flavonoid (ug/g)  66.21+40.51 51.97+4.16 29.33+567 62.08+13.80 29.80+1.05

L 2625585 13.84£549 22.90£6.87 33.02+3.19 19.89+14.86
Color a 0.64+0.31  1.19+096  0.66£0.44  0.37+0.06  0.78+0.34
b 1.83+048  6.25¥4.68  3.99+4.36  2.08+0.63  4.22+3.74
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Table 3.3.12. Domestic cultural and production status of fruits in Korea

unit: ha, ton

Grape Apple Pear Persimmon
Year Area Products Area Products  Area Products Area Products
1997 28,290 393,195 36,995 651,778 21,938 260,168 25812 239,570
1998 29,871 397,784 34,693 459,010 25387 386,348 30,031 260,671
1999 30,531 470,065 32,079 490,152 25677 259,086 30,821 273,846
2000 29,200 475594 29,063 483960 26,251 324,166 31,19 287,347
2001 26,796 453,578 26,327 403583 25535 417,160 30,489 270,338
2002 26,007 422,000 26,163 433,200 25,387 386,300 21,124 -
Table 3.3.13. Changes fruit prices in recent years
unit: won/kg
Gape Apple Pear Persimmon
Year 1,y Price Low Price Low Price Low Price
Month (Won) Month (Won) Month (Won) Month (Won)
1999 9 1,130 11 3,020 11 1,680 11 1,170
2000 9 1,020 11 2,460 11 1,250 11 1,050
2001 9 1,160 11 3,340 11 1,360 11 1,330
2002 9 1,540 11 3,100 11 1,570 11 1,600
2003 9 1,470 11 1,840 11 1,510 11 1,420
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Table 3.3.14. Yield, sweetness, and moisture content of fruit extracts

Grape Apple Pear Persimmon
Yield(%) 81.2 80.5 835 82.7
Sweetness(%) 12.7 13.5 16.7 18.4
Water(%) 81.7 85.4 82.3 81.3

Table 3.3.15. pH, titratable acidity and Hunter color values of fruit extracts

Grape Apple Pear Persimmon
pH 34 3.8 4.8 6.2
Titratable acidity 249 916 20.1 94
(meq/kg)
L 20.15 13.85 14.5 29.09
Color a 571 1.79 1.65 3.03
b 2.32 1.61 3.70 19.67
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Table 3.3.16. Changes in pH of feed solution during storage at different temperature

Tempe

Sugar

25%

35%

45%

ratuer Time

0

1

2

3

0

1

2

3

0

1

2

3

25T

Sugar

fed
Honey

Grape
Apple

Pear

Persi
mmon

5.70
3.80

3.37
3.93
4.80

4.20

443
3.97

3.50
3.97
3.80

4.10

4.80
3.63

341
3.94
3.32

3.95

3.27
3.97

3.33
3.97
3.13

3.70

5.50
3.70

3.47
3.90
480

4.20

4.37
3.80

3.50
3.93
401

4.10

473
3.71

343
3.83
3.60

4.31

3.37
3.92

3.30
4.01
3.13

3.95

5.30
3.70

347
3.97
4.80

4.20

463
3.73

3.50
3.97
401

4.20

477
3.70

3.50
3.87
3.30

451

3.30
3.37

3.31
3.97
3.01

3.93

30C

Sugar
Honey
Grape
Apple

Pear

Persi
mmon

5.71
3.80
3.33

3.90
4380

4.20

3.90
3.87
3.30

3.93
3.77

421

4.80
3.67
3.33

391
3.30

3.30

3.67
3.33
3.33

3.93
3.30

3.60

5.50
3.70
3.40

4.01
4.80

4.20

4.23
3.77
3.31

3.93
3.73

421

473
3.53
3.30

3.87
3.30

3.33

3.27
3.97
3.40

4.10
3.23

3.63

5.30
3.70
3.46

3.90
4.80

4.20

460
3.73
3.40

391
473

413

451
3.01
3.41

3.90
3.50

3..60

3.17
3.67
3.37

4.10
3.30

3.95

35T

Sugar

fed
Honey

Grape
Apple

Pear

Persi
mmon

5.70
3.80

3.37
3.39
4.80

4.20

3.81
3.80

3.40
3.93
473

4.20

4.50
343

3.31
3.90
3.33

3.33

4.27
3.70

3.37
401
3.23

3.80

5.50
3.70

3.47
3.97
4.80

4.20

3.93
3.73

340
3.97
4.80

421

460
3.53

3.31
3.93
3.30

3.50

4.53
3.97

3.33
4.10
3.30

3.63

5.30
3.70

347
3.97
4.80

4.20

3.90
3.70

3.40
3.97
473

421

450
3.60

341
3.95
340

3.63

453
3.71

3.40
4.02
343

3.83
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Table 3.3.17. Changes in pH and sweetness of supplemental feeds in the hives

25C

30T

Bee
colony
No

1-1 2-1 3-1 4-1 5-1
Sugar Apple Grape Pear Honey

4-2 5-2

2-2 3-
£r oW A

2
AR 2=

o, 0

1-
S|
=

FE=(%) |45.0 451 453 449 451
ol &(g)

h

fass N

1500 1500 1500 1500 1500

o T

°]7]
e

25 26 26 24 25

T o)A
pH
24113k
pH
48A13F

pH
72X ZF
pH

462 391 356 4.77

451 384 349 470 3.78
3.54 373 348 466 3.69

432 361 341 459 3.56

45.0 453 45.1 44.8 453
1500 1500 1500 1500 1500

30 30 31 31 30
4.68 3.98 3.54 4.71
4.60 3.91 3.47 4.33 3.78
455 3.82 341 4.27 352

451 3.77 3.36 412 3.39

45.0 44.7 453 45.1 44.9

1500 1500 1500 1500 1500

3% 34 35 34 35

432 399 361 481 -
418 3.83 3.53 4.76 3.7
4.02 3.76 3.50 4.69 3.6

3.09 3.71 345 4.64 3.41
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Fig. 3.3.4. Changes in pH of supplemental feeds in the hives
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Table 3.3.18. Effects of sucrose concentration of supplemental feed on honey quality

Control 25% 35% 45%
Moisture 18.40£1.98 22.25+0.35 22.30+0.71 22.30+0.42
Ash 0.13+0.01 0.09 £0.00 0.10+0.01 0.09 £0.00
Invert sugar  62.90 £7.50 60.35+0.92 62.75+2.05 62.35+0.78
Fructose 34.36 +4.82 33.19+0.89 35.22+1.44 34.32+1.01
Glucose 30.71+£0.35 27.20+0.02 27.57+0.59 28.09+0.23
Fre/Gle 1.20 £0.06 1.22+0.03 1.28 £0.02 1.22 +0.04
Sucrose 10.05+4.45 9.25+0.49 7.85+2.47 7.35+0.92
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Table 3.3.19. Effects of sucrose concentration of supplemental feed on
Hunter color values of honey

L a b
control 15.69+5.72 0.60 £0.68 4.34+2.97
25% 14.82+5.02 0.73+0.39 3.67£2.96
35% 14.49 +4.86 -0.05£1.61 4.42+£2.81
45% 10.32+0.33 1.12+0.10 6.62 £0.14

Table 3.3.20. Changes in turbidity of honey by sucrose concentration of

supplemental feed

Turbidity

control 0.30£0.07
25% 0.39+0.14
35% 0.26 £0.05
45% 0.27+0.03

Table 3.3.21. Changes in pH and titratable acidity of honey by sucrose

concentration of supplemental feed

pH Titratable acidity
control 3.96 +0.34 33.50 +8.49
25% 3.80£0.01 36.00 £5.66
35% 4.01 £0.06 33.50+4.24
45% 3.81+0.13 31.25+2.47
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Table 3.3.22. Effects of sucrose concentration of supplemental feed on flavonoid

and total phenol concntrations of honey

Flavonoid Total phenol
control 74.01 £11.19 0.61 £0.09
25% 58.61 £2.35 0.54+£0.02
35% 89.27 £48.00 0.60+£0.13
45% 63.33£1.81 0.63 +0.03

Table 3.3.23. Effects of sucrose concentration of supplemental feed on SOD-like

and DPPH radical removal activities of honey

SOD-like activity DPPH radical

removal
control 743 +£6.67 3847 +£1.55
25% 6.48+1.99 35.88+1.74
35% 477+1.07 40.24 +1.98
45% 5.68+1.22 4154+1.16
2 shEvole] 54
Mol ol WolE YE 45H1%E UL Wl HolBRIRH), EEF, ANEF,

GrEe] pHeb A4, flavonoidst & #l=, SOD fFAMEAE 3 AAEolss

S48t o, 1 A¥es 3 3.3.24~3.3.2600 4 9F 2t

MES EFel AY AAXL F FRlE fAAAG B AE 3

,Abbeh WL st

o §
rlo
e
L
o)
i)
AU
)
oy
o
N
o3
g2
%2
o
=
12
o
i
o
N
o)
ax
32
k!

- 124 -



1)
o,
i
A
A
iy
19
o,
o,
w
O
)
o
>,

fo
oX,
I
L
D
ol
2
olr
flo
12
o,
I
=z
)
>,
&
X
L
)
oy

Table 3.3.24. pH and titratable acidity of fruit extract-based supplemental feed

Titratable acidity

pH (meq/kg)
Honey 5.07£0.90 5.75+3.20
Honey 3.62+0.02 59.15 +6.48
Grape
Sucrose 3.74+0.03 55.55+11.26
Honey 3.96 £0.01 43.30+6.12
Apple
Sucrose 4.01 £0.02 44.80 £7.27
p Honey 4.62+0.01 19.90+4.11
et Sucrose 478+0.07 22,20 7.49
. Honey 4.61£0.02 21.30+2.84
Perstmmon ¢+ ose 5.01+0.01 17.20 £0.85
Table 3.3.25. Flavonoids and total phenol contents of fruit extract-based
supplemental feed
Flavonoid Total phenol
Honey 18.40 £14.05 198.04 +£33.38
Grape Honey 24.63 £3.70 675.45 £7.23
Sucrose 25.64 £9.38 670.36 £11.10
Apple Honey 16.82 +£0.94 405.42 £13.12
Sucrose 1891 £1.70 392.53 £29.03
Pear Honey 12.02 £2.59 361.64 £44.12
Sucrose 7.49 £2.04 318.83 £48.86
Persimmon Honey 12.9542.93 635.74 £21.53
Sucrose 11.96 £0.80 610.12 £4.64
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Table 3.3.26. SOD-like activity and DPPH radical removal activity of fruit

extract-based supplemental feed

SOD-like activity CriH radical

removal
Honey 20.45+4.01 31.55£7.23
Honey 56.67 £6.91 95.17£1.80

Grape
Sucrose 66.21 +1.27 96.14 £0.78
Honey 49.30 £4.30 65.88 £6.80

Apple
Sucrose 48.28 £4.05 63.41 £3.61
P Honey 27.01£2.18 50.32 £2.77
e Sucrose 39.77+2.03 51.61 £6.06
) Honey 64.18 +9.85 93.35+3.55

Persimmon
Sucrose 74.90+0.53 93.35+3.34
ol 9hE Fol %o FQ L 54
Hol%e sl FEE L5H1% FTOE B AFHE 49 20:1A7H 69

2019744 Folstdom, 2t ¥ FA} S4S BT Ade ¥ 3327329 2

3E 3327004 7+ = Hstd e HolE 65.75+247, E:=E 70.00+1.84, AbHE
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Table 3.3.27. Quality of honey produced by Korean native honeybee fed fruit extracts”

Honey Grape Apple Pear Persimmon

Moisture 1835474 16.70£1.27 19.75+£2.76 16.40+2.12 18.80=0.00

Ash 0.13+0.04 0.15+#0.01 0.12+0.03 0.16+0.02 0.13+0.00
Invert sugar 65.75+2.47 70.00+1.84 67.50+5.09 71.35+0.64 67.70+0.00
Fructose 35.98+0.84 38.66+3.53 37.14+298 39.54+1.82 36.45+0.00

Glucose 29.77+1.60 30.35+£0.32 30.38+2.13 31.78+1.19 31.21+0.00
Frc/Gle 1.21£0.04 128+0.13 1.22+0.01 1.25+0.11 1.17+0.00
Sucrose 930+552 720099 6.20+1.13 555%1.63  6.00+0.00
HMF 12.90£0.00 23.70+0.00 17.80#566 14.30+0.00 13.10+0.00

“The sweetness of fruit extracts was adjusted to 45% with honey.
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Table 3.3.28. Hunter color values of honey produced by Korean native honeybee

fed fruit extracts”

L a b
Honey 19.19+0.15 -0.06 £0.27 2.09+0.02
Grape 14.30 +4.26 0.72+0.63 5.38+2.31
Apple 11.17+1.13 0.81 £0.02 5.95+0.60
Pear 15.10+3.42 0.16 £0.41 478 +2.73
Persimmon 1874 +1.68 0.20+0.01 2.46 £0.18

“The sweetness of fruit extracts was adjusted to 45% with honey.

Table 3.3.29. Turbidity of honey produced by Korean native honeybee fed fruit

extracts’
Turbidity
Honey 0.36 £0.08
Grape 0.59+0.43
Apple 0.28+£0.13
Pear 0.54 +0.21

Persimmon 0.36 £0.36

“The sweetness of fruit extracts was adjusted to 45% with honey.
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Table 3.3.30. pH and titratable acidity of honey produced by Korean native

honeybee fed fruit extracts”

pH Titratable acidity
Honey 3.94£0.00 39.75£13.08
Grape 3.71+0.04 51.25+1.77
Apple 3.83+0.10 52.75+10.25
Pear 3.88+0.05 51.50+2.12
Persimmon 3.84+0.00 52.50+0.00

“The sweetness of fruit extracts was adjusted to 45% with honey.

Table 3.3.31. Flavonoid and total phenol concentrations of honey produced by

Korean native honeybee fed fruit extracts”

Flavonoid Total phenol
Honey 75.33£11.89 0.53+£0.03
Grape 90.86 £12.08 0.75+0.28
Apple 53.30+18.11 0.66+0.12
Pear 42.86 +4.06 0.59+0.11
Persimmon 56.42 +12.15 0.92+0.02

“The sweetness of fruit extracts was adjusted to 45% with honey.

Table 3.3.32. SOD-like and DPPH radical removing activities of honey produced by

Korean native honeybee fed fruit extracts”

SOD-like activity ~ CTTH radical

removal
Honey 15.15+7.48 45.68 +4.82
Grape 19.34+11.38 58.95£1.88
Apple 27.04£7.63 59.10 £6.86
Pear 22.51 +7.30 56.05+10.56
Persimmon 26.74 +0.41 77.70+19.00

“The sweetness of fruit extracts was adjusted to 45% with honey.
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Table 3.3.33. Quality of honey produced from Korean native honeybee fed fruit

extracts”
Sucrose Grape Apple Pear Persimmon
Moisture 2225+0.35  19.30+453  17.00+£0.00 20.15+0.78  18.20+0.14
Ash 0.09 £0.00 0.12+0.04 0.14 £0.00 0.12+0.01 0.13+0.01

Invert sugar 61.95+1.34 6880+325 69.70+0.00 66.50+3.68  69.85+3.04
Fructose 3443+0.86 38314383  39.25+0.00 36.52£245  38.46+2.84

Glucose 2757050 3051062 30.45+0.00 30.00+1.21  31.37=0.22
Frc/Gle 1.25+0.01 1.26 £0.15 1.29£0.00 1.24£0.01 1.23+0.08
Sucrose 7.80+1.56 6.00 +0.42 6.10 +£0.00 7.30+2.83 5.55+0.64
HMF nd nd 76.90£0.00  15.00£0.71 nd

“The sweetness of fruit extracts was adjusted to 45% with sucrose.

nd: not determined
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Table 3.3.34. Hunter color values of honey produced from Korean native honeybee

fed fruit extracts”

L a b
Sucrose 14.60 £5.28 0.77+0.43 3.91+3.24
Grape 15.17+2.70 0.40 +0.25 4.25+2.31
Apple 20.97+3.84 0.32+0.30 1.06 £1.10
Pear 11.22 £0.87 1.89+0.49 6.33 +0.67
Persimmon 19.06 £0.16 -0.13+0.05 2.48+0.14

“The sweetness of fruit extracts was adjusted to 45% with sucrose.

Table 3.3.35. Turbidity of honey from Korean native honeybee fed fruit extracts”

Turbidity
Sucrose 0.38+0.15
Grape 0.59+0.30
Apple 0.53£0.03
Pear 0.95+0.12

Persimmon 0.35+0.36

“The sweetness of fruit extracts was adjusted to 45% with sucrose.

Agor YrE x4t HAFS Fold 2o| pHel AHMEE F 33363 2tk A
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Table 3.3.36. pH and titratable acidity of honey produced from Korean native

honeybee fed fruit extracts”

pH Titratable acidity
Sucrose 3.85+0.07 34.75+7.42
Grape 3.76 £0.07 49.50 £4.95
Apple 3.85+0.00 50.00 +0.00
Pear 3.81£0.19 59.00 £8.49
Persimmon 3.73 +0.00 52.00 +0.00

“The sweetness of fruit extracts was adjusted to 45% with sucrose.

Table 3.3.37. Flavonoid and total phenol concentrations of honey produced from

Korean native honeybee fed fruit extracts”

Flavonoid Total phenol
Sucrose 62.04 £3.08 0.58 +£0.04
Grape 76.36 £4.83 0.61+0.12
Apple 62.21 +0.80 0.73+£0.00
Pear 120.43 £21.25 1.82+0.72
Persimmon 62.96 +1.97 0.62 +0.00

“The sweetness of fruit extracts was adjusted to 45% with sucrose.
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Table 3.3.38. SOD-like and DPPH radical removing activities of honey produced

from Korean native honeybee fed fruit extracts”

SOD-like activity ~ DPrH radical

removal
Sucrose 7.13+1.28 38.91 +2.55
Grape 20.62£10.93 52.61 £1.76
Apple 31.79+1.86 64.05 +5.00!
Pear 2751 +4.31 79.46 £2.82
Persimmon 27.86 +0.86 63.10 +6.54

“The sweetness of fruit extracts was adjusted to 45% with sucrose.

o 2R Hol wel $4 % 54
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Table 3.3.39. Quality of grape extrct-fed Korean native honey”

25% 35% 40% 45%
Moisture 20.95+0.92 16.75+0.07 16.30+0.42 17.85+0.21
Ash 0.11+0.01 0.15+0.00 0.15+0.00 0.14+0.01
Invert sugar  68.15+0.21 69.72 £0.07 62.62+0.62 66.73£0.11
Fructose 3717047 39.18+0.14 35.65+0.64 36.94£0.95
Glucose 31.01 +0.29 30.54+0.21 26.97+0.03 29.76 £1.02
Frc/Gle 1.20£0.03 1.28 £0.01 1.32£0.03 1.24+£0.07
Sucrose 5.40+£0.42 6.70 £0.00 13.20 £0.14 7.70 £0.57
HMF nd 10.00 +£0.00 15.85+0.49 28.45£8.70

“The sweetness of grape extract was adjusted with honey. nd: not determined

Table 3.3.40. Hunter color values of grape extrct-fed Korean native honey”

L a b
25% 14.54+£3.36 0.94 +0.49 4.64+2.53
35% 13.79£1.66 0.65+0.18 4.29+0.60
40% 14.50 £4.31 0.53+0.21 3.85+2.07
45% 11.81 £0.38 1.00 £0.15 5.76 +0.46

“The sweetness of grape extract was adjusted with honey.

Table 3.3.41. Turbidity of grape extrct-fed Korean native honey"

Turbidity
25% 0.52+0.11
35% 0.63+0.16
40% 0.44 +0.03
45% 0.30+0.10

“The sweetness of grape extract was adjusted with honey.
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Table 3.3.42. pH and titratable acidity of grape extrct-fed Korean native honey”

pH Titratable acidity
25% 3.77+0.07 34.75+1.77
35% 3.81+0.03 30.25%0.35
40% 3.70+0.04 36.00+0.71
45% 3.80+0.12 45.25+6.01

“The sweetness of grape extract was adjusted with honey.

Table 3.3.43. Flavonoid and total phenol contents of grape extrct—fed honey”

Flavonoid Total phenol
25% 71.35+4.45 0.67+0.05
35% 58.62+21.93 0.56 +£0.06
40% 45.62+3.73 0.49+0.03
45% 65.88+24.34 0.93+0.12

“The sweetness of grape extract was adjusted with honey.

Table 3.3.44. SOD-like and DPPH radical removing activities of grape extrct—fed

honey”

SOD-like activity ~ DrrH radical

removal
25% 11.15+1.20 45.32 +0.56
35% 14.18 £1.00 41.11+1.74
40% 10.43+1.41 40.00+3.14
45% 9.58 +2.66 4591 £3.41

“The sweetness of grape extract was adjusted with honey.
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Table 3.3.45. Quality of grape extrct-fed Korean native honey”

25% 35% 40% 45%
Moisture 19.35+4.45 19.60 +4.38 18.35+0.07 20.05£0.49
Ash 0.12£0.04 0.12+0.04 0.13+0.00 0.12+0.01
Invert sugar  67.20£0.99 67.31 +3.83 67.11+0.30 68.50 +0.28
Fructose 36.88 £1.80 36.93 £3.36 37.69+£0.40 37.86 +0.08
Glucose 30.36 +0.83 30.37+0.47 29.43+0.11 30.65+£0.36
Frc/Gle 1.22 £0.09 1.22 £0.09 1.28 #0.01 1.24£0.02
Sucrose 6.50+1.13 6.45+0.49 6.70 +£0.00 5.60+0.71
HMF 17.70 £0.00 11.30+0.00 35.60 £0.28 12.80+0.00

“The sweetness of grape extract was adjusted with sucrose.
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Table 3.3.46. Hunter color values of grape extrct-fed Korean native honey”

L a b
25% 14.13+3.89 0.47 £0.33 471 £2.83
35% 14.45+5.36 0.64 £0.40 4.22 +2.64
40% 19.68+1.55 0.27 £0.33 2.43+0.67
45% 13.69+0.25 1.60+0.01 8.58 £0.54

“The sweetness of grape extract was adjusted with sucrose.

Table 3.3.47. Turbidity of grape extrct-fed Korean native honey”

Turbidity
25% 0.34+0.01
35% 0.40 £0.04
40% 0.41 £0.01
45% 0.58+0.02

“The sweetness of grape extract was adjusted with sucrose.

Table 3.3.48. pH and titratable acidity of grape extrct-fed Korean native honey”

pH Titratable acidity
25% 3.79£0.03 3750 £2.12
35% 3.78 £0.02 34.75£1.06
40% 3.93 +£0.00 39.75+3.18
45% 3.80 £0.10 35.25 £2.47

“The sweetness of grape extract was adjusted with sucrose.
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Table 3.3.49. Flavonoid and total phenol contents of grape extrct—fed honey”

Flavonoid Total phenol
25% 81.91 +2.78 0.74+0.05
35% 58.92 £4.00 0.64+0.11
40% 44.99+6.06 0.78 £0.02
45% 98.31+37.45 0.89+0.09

“The sweetness of grape extract was adjusted with sucrose.

Table 3.3.50. SOD-like and DPPH radical removing activities of grape extrct—fed

honey”

SOD-like activity

DPPH radical

removal
25% 10.96 +0.91 48.82+3.61
35% 12.34+5.08 43.51 +4.39
40% 10.30 +0.68 46.06 +0.41
45% 12.40 +1.98 52.78 £2.34

“The sweetness of grape extract was adjusted with ssucrose.
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25 HUrste] Fold wiFEolA tA EShTh Eo pHS Aol gloy AAHMNEE
AeS H7bsk mlFEd A o =gt
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Table 3.3.51. Quality of honey produced from Korean native honeybee fed pear

extract adjusted sweetness with honey or sucrose to 45%

Honey Sucrose
Moisture 20.35£0.07 20.70 £0.00
Ash 0.11 £0.00 0.11 £0.00
Invert sugar 65.10+0.14 53.70+£0.28
Fructose 36.50 £0.01 29.66 £0.19
Glucose 2857+0.14 24.04+0.14
Frc/Gle 1.28 +0.01 1.23+0.00
Sucrose 6.70 +0.14 19.50 £0.28
HMF 112.75+5.87 156.70 +3.11

Table 3.3.52. Color of honey produced from Korean native honeybee fed pear

extract adjusted sweetness with honey or sucrose to 45%

L a b
Honey 10.50 +£0.07 1.70£0.25 6.49 £0.38
Sucrose 11.33£0.75 1.36+1.11 462 +1.36
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Table 3.3.53. Turbidity of honey produced from Korean native honeybee fed pear

extract adjusted sweetness with honey or sucrose to 45%

Turbidity
Honey 0.65£0.01
Sucrose 0.88 £0.03

Table 3.354. pH and titratable acidity of honey produced from Korean native

honeybee fed pear extract adjusted sweetness with honey or sucrose to 45%

pH Titratable acidity
Honey 3.80+0.01 58.00+£7.07
Sucrose 3.66 £0.02 65.50+0.71

Table 3.3.55. Flavonoid and total phenol concentrations of honey produced from
Korean native honeybee fed pear extract adjusted sweetness with honey or

sucrose to 45%

Flavonoid Total phenol
Honey 93.46 £3.16 1.71 £0.08
Sucrose 130.37 £9.22 2.45+0.03

Table 3.3.56. SOD-like and DPPH radical removing activities of honey produced
from Korean native honeybee fed pear extract adjusted sweetness with honey or

sucrose to 45%

SOD-like activity DPPH radical

removal
Honey 21.56 £3.02 68.84 £0.01
Sucrose 21.46 £3.44 75.49 £2.80
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Table 3.3.57. Changes in honey quality by hive stack location”

Honey Grape
Upper Lower Upper Lower
Moisture 16.00+1.41 18.40 +4.67 16.00 +£0.28 16.05+0.35
Ash 0.15+0.01 0.13+0.04 0.16 +0.01 0.16 £0.01
Invert sugar 66.10+2.97 65.00 £3.54 66.86 £6.28 65.20 £4.53
Fructose 36.58 £1.69 34.16+3.41 38.44+3.83 36.51 +1.71
Glucose 29.55+1.29 30.84 +0.09 28.40 +2.43 28.67+2.77
Frc/Gle 1.24£0.00 1.11£0.11 1.36 £0.02 1.28 +0.06
Sucrose 10.05+4.45 6.75+1.91 9.75+4.60 10.55 +5.44
HMF 12.45+0.64 40.80+0.00 15.20 +0.00 25.55+1.77
Apple Pear
Upper Lower Upper Lower
Moisture 19.35+3.32 17.80 +0.00 16.40+2.12 19.30+3.39
Ash 0.12+0.03 0.14 £0.00 0.16 £0.02 0.13+0.04
Invert sugar 66.80+4.10 71.10£0.00 71.35+0.64 65.55£6.15
Fructose 37.14£2.98 39.25+0.00 39.54+1.82 36.35£2.88
Glucose 29.66+1.12 31.88 0.00 31.78£1.19 29.16£3.27
Frc/Gle 1.25+0.06 1.23+0.00 1.25+0.11 1.25+0.04
Sucrose 6.55+0.64 5.40 £0.00 5.55+1.63 5.20+0.14
HMF 45.35+44.62  21.80+0.00 14.30+0.00 25.30 £20.22

“Korean native honeybee was fed fruit extracts
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Table 3.3.58. Changes in color of honey by hive stack location”

L a b

Upper 19.97+£0.85 0.09£0.11 1.93+0.18
Honey

Lower 14.84 £4.88 0.49+0.90 473 +3.06

Upper 18.62 £0.73 0.25+0.10 2.76£0.72
Grape

Lower 16.22£4.24 2.56+0.09 542 +1.02

Upper 16.55£5.56 0.56£0.32 3.25+£2.61
Apple

Lower 10.21 £0.06 0.82 £0.00 6.46 £0.04
P Upper 15.10+3.42 0.16 £0.41 478 +2.73

ear
Lower 23.22 +5.96 1.60+1.71 12.03 £10.60

“Korean native honeybee was fed fruit extracts

Table 3.3.59. Changes in turbidity of honey by hive stack location”

Turbidity

Upper 0.39:£0.05
Honey

Lower 0.26:£0.04

Upper 0.68£0.33
Grape

Lower 0.56:£0.16

Upper 0.42:+0.14
Apple

Lower 0.25£0.19

Upper 0.54£0.21
Pear

Lower 0.88+0.45

“Korean native honeybee was fed fruit extracts
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Table 3.3.60. Changes in pH and titratable acidity of honey by hive stack location”

pH Titratable acidity

Upper 3.83+0.16 44.25+6.72
Honey

Lower 3.86+0.12 42.75+17.32

Upper 3.71 £0.03 43.50+12.73
Grape

Lower 3.91+0.06 59.25+5.30

Upper 3.87£0.04 55.00 £7.07
Apple

Lower 3.76+£0.00 45.50 +£0.00

Upper 3.88+0.05 51.50+2.12
Pear

Lower 4.11+0.08 67.75+5.30

“Korean native honeybee was fed fruit extracts

Table 3.3.61. Changes in flavonoid and total phenol concentrations of honey by

hive stack location”

Flavonoid Total phenol

Upper 79.12£6.25 0.61 +0.09
Honey

Lower 78.32£11.84 0.75+0.27

Upper 74.66 £30.83 0.50+0.02
Grape

Lower 114.51 +43.63 1.72+0.13

Upper 64.40 £9.94 0.75+0.02
Apple

Lower 40.00 £0.15 0.56 +0.03

Upper 42.86 £4.06 0.59+0.11
Pear

Lower 172.22 £159.89 1.74+0.89

“Korean native honeybee was fed fruit extracts
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Table 3.3.62. Changes in SOD-like and DPPH radical removing activities of honey

by hive stack location”

SOD-like activity

DPPH radical

removal
Upper 17.13+5.85 43.23 +£8.28
Honey
Lower 9.14+£0.87 51.27+12.74
Upper 21.13£9.45 4767 +14.08
Grape
Lower 29.46 £2.40 90.28 £3.62
Upper 28.46 £4.30 64.00 £0.08
Apple
Lower 28.96+12.35 54.25+15.43
P Upper 22.51 £7.30 56.05+10.56
r
T Lower 40801576 725741075

“Korean native honeybee was fed fruit extracts
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Table 3.3.63. Changes in honey quality by collection time"
None Sugar
Ist 2nd 1st 2nd
Moisture 21.30£0.00 20.60 £0.00 20.80+0.00 20.70 £0.14
Ash 0.10+0.00 0.11 £0.00 0.11 £0.00 0.11 £0.00
Invert sugar 68.10+0.00 63.80 £0.00 66.30 +0.00 63.70 +0.85
Fructose 39.20 +0.00 36.59 +0.00 41.69 £0.00 3453 +1.07
Glucose 28.85+0.00 27.23£0.00 24.63£0.00 29.32£0.04
Frc/Gle 1.36 +0.00 1.34+0.00 1.69 +0.00 1.18 +0.04
Sucrose 4.40 £0.00 6.20 £0.00 5.50+0.00 6.75+0.35
HMF nd nd nd nd
Fruit (honey) Fruit (sugar)
1st 2nd 1st 2nd
Moisture 20.90 +£0.00 21.40+0.14 20.70 £0.00 19.85+0.07
Ash 0.11 £0.00 0.10 £0.00 0.11 +£0.00 0.12+0.00
Invert sugar 65.60 +0.00 62.45+0.92 66.00 £0.00 60.45 £0.49
Fructose 36.48 £0.00 33.95+0.53 41.17 £0.00 32.58£0.52
Glucose 29.11 £0.00 28.49 £0.39 24.86 +0.00 27.90+0.06
Frc/Gle 1.25+0.00 1.19+0.00 1.66 £0.00 1.17+0.02
Sucrose 6.50 £0.00 7.70 £0.28 5.10+0.00 11.60+£0.14
HMF 10.00 £0.00 nd nd nd

“Korean native honeybee was fed fruit extracts

nd: not determined
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Table 3.3.64. Changes in color of honey by collection time"

L a b

Ist 20.83 £0.80 -0.15+0.13 4.24+0.59
None

2nd 12.44 £0.01 1.18+0.15 9.31£0.04

Ist 11.05+0.01 0.88 +0.06 8.02+0.05
Sugar

ond 23.29 +8.95 1.51 £0.07 11544234
Fruit Ist 21.78+0.03 0.13+0.08 2.83+0.04
(honey) ond 16.92+2.17 0.77+0.53 6.42+3.65
Fruit Ist 12.64+0.01 0.77 +0.14 7.84+0.07
(sugar) ond 16.41 +5.81 0.92+0.39 6.53+1.71

Table 3.3.65. Changes in turbidity of honey by collection time"

Turbidity
Ist 0.33+0.05

None
ond 0.34+0.05
Ist 0.27 +0.01

Sugar
ond 0.32+0.16
Fruit Ist 0.31+0.06
(honey) ond 0.21 +0.05
Fruit 1st 0.23+0.00
(sugar) ond 0.24 +0.07
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Table 3.3.66. Changes in pH and titratable acidity of honey by collection time"

pH Titratable acidity

Ist 458 +0.00 31.50 +0.00
None

2nd 4.41 +0.00 35.50 £0.00

Ist 5.09 +0.00 25.00 +0.00
Sugar

2nd 3.98+0.07 37.75+0.35
Fruit Ist 3.97 +0.00 35.00 +0.00
(honey) 2nd 4.01+0.02 33.50+5.66
Fruit Ist 5.10+0.00 24.50 +0.00
(sugar) 2nd 4.01 +0.02 36.25+1.06

Table 3.3.67. Changes in flavonoid and total phenol concentrations of honey by

collection time”

Flavonoid Total phenol

1st 81.13+10.07 0.50+0.03
None

2nd 7457 £8.50 0.61 £0.04

1st 70.30 £8.45 0.69+0.02
Sugar

2nd 46.88 +5.38 0.65+0.04
Fruit 1st 59.77+1.19 0.51 £0.03
(honey) 2nd 38.34+0.93 0.42 +£0.03
Fruit Ist 114.23+0.01 0.74+0.03
(sugar) 2nd 39.82+3.43 0.45 +0.04
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Table 3.3.68. Changes in SOD-like activity and DPPH radical removal activity of

honey by collection time”

SOD-like activity ~ P L1 radical

removal
1st 2.11+2.35 4773 +6.64
None
ond 21.55+1.06 53.84 +7.52
1st 14.33+£1.34 58.636.19
Sugar
ond 14.88+2.10 53.42 +4.89
Fruit 1st 19.16 £5.02 48.04 +5.98
(honey) ond 11.40 £2.93 4843 +4.63
Fruit Ist 23.95+1.36 56.44 +5.86
(sugar) ond 14.01 £3.25 46.28 +5.19
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Table 3.3.69. Changes in honey quality by location of apiary”

Area A Area B Area C
Moisture 21.17+0.75 17.17+0.84 22.43 +0.40
Ash 0.10+0.01 0.14+0.01 0.09 +£0.00
Invert sugar 67.43+1.25 67.13+£0.67 62.70 £1.61
Fructose 36.62+1.00 36.86+1.12 35.03+1.21
Glucose 30.84 +0.36 30.27+0.44 27.71+0.43
Frc/Gle 1.19+0.03 1.22 £0.06 1.26 £0.03
Sucrose 5.27+0.38 7.77+0.42 7.23+1.47
HMF nd 21.10+2.99 nd

Table 3.3.70. Changes in Hunter color values of honey by location of apiary”

L a b
Area A 13.20+3.32 0.89 £0.39 5.39 £2.28
Area B 16.16+4.19 0.87 £0.89 8.61 £6.07
Area C 13.16 +4.66 0.89 £0.39 4.89+£2.93
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Table 3.3.71. Changes in turbidity of honey by location of apiary”

Turbidity
Area A 0.42+0.17
Area B 0.35+0.13
Area C 0.35+0.13

Table 3.3.72. Changes in pH and titratable acidity of honey by location of apiary”

pH Titratable acidity
Area A 3.77+0.05 35.17+1.44
Area B 3.82+0.08 46.50 +8.05
Area C 3.89+0.14 52.33 £24.46

Table 3.3.73. Changes in flavonoid and total phenol concentrations of honey by

location of apiary”

Flavonoid Total phenol
Area A 67.07+7.47 0.64 +£0.06
Area B 83.71+3.40 0.93+0.12
Area C 84.97 +35.60 0.62+0.07

Table 3.3.74. Changes in SOD-like and DPPH radical removal activities of

honey by location of apiary”

SOD-like activity DPPH radical

removal
Area A 10.79+1.11 45.83 +0.97
Area B 9.25+1.60 51.62£7.57
Area C 6.52+1.43 39.82+2.39
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Table 3.3.75. Quality of honey extracted with different methods”

Grape Apple

Traditional Improved Traditional Improved
Moisture 16.80 £0.99 17.45+0.21 20.00 +0.00 17.80 £0.00
Ash 0.15+0.01 0.14 +0.00 0.11+0.00 0.14£0.00
Invert sugar 64.95+2.90 63.35+2.76 62.30 +0.00 62.00 £0.00
Fructose 36.79+1.48 35.65+0.78 34.18+0.00 32.85+0.00
Glucose 28.16 +£1.40 27.73+1.99 28.13+0.00 29.10+0.00
Frc/Gle 1.31 £0.01 1.29£0.06 1.22£0.00 1.13+0.00
Sucrose 8.25+2.05 7.20+3.39 7.90+0.00 6.80 £0.00
HMF 36.00+0.14 45.75+16.62 20.90 +£0.00 35.30+0.00

Pear Farm

Traditional Improved Traditional Improved
Moisture 20.25+2.05 18.25+0.35 17.70 £0.57 16.40 £1.27
Ash 0.12+0.02 0.13+0.00 0.14+0.01 0.15+0.01
Invert sugar 63.35+3.04 65.50 +0.85 54.25+0.21 53.20+1.27
Fructose 35.22+1.28 35.66 +0.27 31.41 +0.60 30.80 +0.81
Glucose 28.13+1.80 29.86 +0.53 22.90 £0.47 22.40 +0.47
Frc/Gle 1.26 £0.04 1.20£0.01 1.38+£0.05 1.38 £0.01
Sucrose 5.25+0.21 5.75+0.49 16.00 £1.84 18.80 +4.38
HMF 31.85+1096  18.90+3.82 nd 38.40+0.00

“Korean native honeybee was fed fruit extracts
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Table 3.3.76. Hunter color values of honey extracted with different methods”

L a b

Traditional 18.31 £3.27 3.65+2.63 7.75+5.25
Grape

Improved 26.32+3.43 6.76£1.64 11.56 £3.27

Traditional 9.76 +0.16 1.27+0.06 6.76 £0.20
Apple

Improved 15.57£0.09 1.82+0.05 10.01 £0.04

Traditional 19.20+£10.60 212+1.11 14.31 £7.97
Pear

Improved 19.28 +1.42 0.07+0.07 2.35+0.59

Traditional 15.75+3.52 0.42 +0.37 4.38+2.38
Farm

Improved 18.98 £4.98 0.05+0.75 468 £2.37

“Korean native honeybee was fed fruit extracts

Table 3.3.77. Turbidity of honey extracted with different methods”

Turbidity

Traditional 0.42+£0.21
Grape

Improved 0.82+0.06

Traditional 0.31 £0.05
Apple

Improved 0.29+0.04

Traditional 0.41 £0.52
Pear

Improved 0.74+0.12

Traditional 0.17£0.02
Farm

Improved 0.28£0.05

“Korean native honeybee was fed fruit extracts
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Table 3.3.78. pH and titratable acidity of honey extracted with different methods”

pH Titratable acidity

Traditional 3.92+0.06 65.00 £7.78
Grape

Improved 3.87+0.06 85.25£6.72

Traditional 3.91£0.00 69.50 £0.00
Apple

Improved 3.91£0.00 69.50 £0.00

Traditional 4.08+0.12 63.25£11.67
Pear

Improved 4.04+0.01 71.75+3.18

Traditional 3.93+0.10 28.88 £3.71
Farm

Improved 3.99 £0.05 29.13+0.48

“Korean native honeybee was fed fruit extracts

Table 3.3.79. Flavonoid and total phenol concentrations of honey extracted with

different methods”

Flavonoid Total phenol

Traditional 96.64 £7.31 1.75+0.20
Grape

Improved 117.21 £42.85 2.16+£0.16

Traditional 42.55 +0.57 0.85+0.00
Apple

Improved 57.78 £8.24 0.96 £0.05

Traditional 4859 +17.26 0.94 £0.05
Pear

Improved 197.71£130.9 1.64+1.01

Traditional 55.32+7.90 0.55+0.09
Farm

Improved 59.73 £4.09 0.55+0.08

“Korean native honeybee was fed fruit extracts
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Table 3.3.80. SOD-like and DPPH radical removal activities of honey extracted

with different methods”

SOD-like activity ~ P L1 radical

removal

Traditional 33.19+2.05 77.72+13.73
Grape

Improved 30.77 £6.31 86.51 £0.77

Traditional 36.69 £2.42 62.17£15.45
Apple

Improved 34.60 £0.38 65.69 £16.89

Traditional 24.31 +6.28 63.55+2.00
Pear

Improved 40.83 £13.16 70.32£13.94

Traditional 3.89+2.32 34.55 £6.47
Farm

Improved 3.50£2.12 41.20 £4.90

“Korean native honeybee was fed fruit extracts
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Table 3.3.81. pH and titratable acidity of functional extracts”

pH Titratable acidity

Ginseng Honey 4.67+0.01 13.10+0.42
Whey Honey 4.21+0.01 36.80 £0.85
Chestnut Honey 4.82+0.03 13.90 +0.71
flower Sucrose 5.22+0.01 10.60 £1.41

Honey 4.34+0.00 28.00+£2.55
Green tea

Sucrose 442 +0.01 29.20+0.57

Honey 3.99+0.03 57.40 £4.53
Plum

Sucrose 3.49+0.01 62.40 £0.57

“The sweetness of extracts was adjusted to 45% with honey or sucrose.

- 158 -



Table 3.3.82. Flavonoid and total phenol concentrations of functional extracts”

Flavonoid Total phenol

Ginseng Honey 32.42 £0.58 539.55+20.32
Whey Honey 20.35+0.08 447.36 +8.15
Chestnut Honey 48.19+£0.67 669.81 £0.21
flower Sucrose 39.05+0.42 661.32 +4.07

Honey 21.90 £0.39 678.50 +4.61
Green tea

Sucrose 18.66 £0.07 647.27 +25.19

Honey 22.57+0.35 405.96 £10.04
Plum

Sucrose 22.26 £0.64 365.80 £12.56

“The sweetness of extracts was adjusted to 45% with honey or sucrose.

Table 3.3.83. SOD-like and DPPH radical removal activities of functional extracts”

SOD-like activity DPPH radical

removal
Ginseng Honey 33.65+1.85 64.81 +1.21
Whey Honey 23.83+9.32 39.27+2.12
Chestnut Honey 4799 +2.44 95.92 +0.30
flower Sucrose 64.44 +4.65 95.92 +0.30
Honey 83.97 £6.87 96.35+0.91
Green tea
Sucrose 90.92+1.34 94.64 £0.30
Honey 31.01 £1.83 60.09 £2.43
Plum
Sucrose 53.71 +1.52 60.52 +3.03

“The sweetness of extracts was adjusted to 45% with honey or sucrose.
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Table 3.3.84. Quality of honey from bees fed functional extracts”

Chestnut Sannae Ginseng Whey
Moisture 21.40+0.71 20.90 £0.00 18.75+0.21 17.40+1.27
Ash 0.11+0.01 0.11 +0.00 0.13+0.00 0.14+0.01
Invert sugar 61.66+0.30 65.40 +0.00 64.30 £0.99 61.90 £0.71
Fructose 40.74+2.33 35.12%0.00 38.56£0.57 29.73+2.37
Glucose 20.89£1.97 30.31 £0.00 25.71 #1.53 32.18+1.70
Frc/Gle 1.97+0.30 1.16 £0.00 1.50£0.11 0.93+0.12
Sucrose 7.45+0.64 10.00 +0.00 6.05+0.21 6.80 +0.99
HMF 19.00+0.00 nd 22.35+0.07 39.25%5.44
ngigggt Green tea Plum
Moisture 17.00 £0.28 16.60 +0.57 19.90 £0.00
Ash 0.15+0.01 0.15+0.01 0.12+0.00
Invert sugar 62.13+0.42 62.49 +0.83 60.35 £0.00
Fructose 31.28£0.58 3292+1.13 30.19+0.00
Glucose 30.85+0.15 29.56 +0.31 30.16 +0.00
Frc/Gle 1.02 £0.02 1.12+0.05 1.00 £0.00
Sucrose 8.65+0.35 9.20+1.27 8.90+0.00
HMF 48.30£4.81 49.75+20.01  38.80+0.00

“The sweetness of extracts was adjusted to 45% with honey.

wol A F L al
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Table 3.3.85. Color of honey from bees fed functional extracts”

L a b
Sannae 19.41 +£0.02 0.32£0.01 1.70+0.01
Ginseng 16.41 £4.60 0.41 £0.41 4.32£2.61
Whey 19.61 £1.40 -0.05+0.12 2.97 +0.68
Chestnut 20.27+3.18 0.36 +0.47 2.39+1.02
Chestnut flower  30.35+0.05 0.99 £0.02 1.29+0.01
Green tea 34.56 £4.86 2.60+1.97 5.87£6.18
Plum 30.32+0.00 0.69+0.04 0.98 +0.03

“The sweetness of extracts was adjusted to 45% with honey.

Table 3.3.86. Turbidity of honey from bees fed functional extracts”

Turbidity
Sannae 0.25+0.03
Ginseng 0.29£0.03
Whey 0.68 +0.07
Chestnut 0.25+0.03
Chestnut flower 0.54 +0.04
Green tea 1.05+0.48
Plum 0.22+0.01

“The sweetness of extracts was adjusted to 45% with honey.

Table 3.3.87. pH and titratable acidity of honey from bees fed functional extracts”

pH Titratable acidity
Sannae 3.86 +0.00 53.50 £0.00
Ginseng 4.06 +0.04 62.00+3.54
Whey 3.85+0.02 69.75+3.18
Chestnut 4.97+0.17 26.50 +2.83
Chestnut flower 4.25+0.01 38.50+0.71
Green tea 4.05+0.08 44.00+10.61
Plum 3.96£0.00 63.50 £0.00

“The sweetness of extracts was adjusted to 45% with honey.
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Table 3.3.88. Flavonoid and total phenol contents of honey from bees fed

functional extracts”

Flavonoid Total phenol
Sannae 44.70 +2.63 0.44 +0.02
Ginseng 66.26 +18.21 1.16 +0.17
Whey 72.09+14.75 0.96 £0.08
Chestnut 50.70+9.29 0.86 +0.22
Chestnut flower 32.50£1.52 2.26£0.15
Green tea 56.20 +25.91 1.59 +0.36
Plum 25.69+1.31 0.94+0.07

"The sweetness of extracts was adjusted to 45% with honey.
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Table 3.3.89. SOD-like activity and DPPH radical removal activity of honey

from bees fed functional extracts”

SOD-like activity DPPH radical

removal
Sannae 1752+2.18 39.51 £0.00
Ginseng 37.27+3.15 63.95 +5.22
Whey 29.40 £1.90 52.41 £0.55
Chestnut 15.00 £10.04 62.52 +9.81
Chestnut flower 15.10+2.54 95.20£0.72
Green tea 18.56 +£2.32 90.00 £9.27
Plum 10.98 +0.67 59.26 +0.00

“The sweetness of extracts was adjusted to 45% with honey.
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Table 3.3.90. Quality of honey from bees fed chestnut flower extract”

Chestnut flower

Sucrose Honey
Moisture 18.70 £0.00 17.00 £0.28
Ash 0.13£0.00 0.15+0.01
Invert sugar 57.06+0.00 62.13£0.42
Fructose 31.20+0.00 31.28 +0.58
Glucose 25.85+0.00 30.85+0.15
Frc/Gle 1.21 +£0.00 1.02+0.02
Sucrose 15.50+0.00 8.40 =0.00
HMF 17.80+0.00 48.30 £4.81

“The sweetness of extract was adjusted to 45% with sucrose or honey.

Table 3.3.91. Quality of honey from bees fed green tea extract’

Green tea
Sucrose Honey
Moisture 17.00+0.85 16.60 +0.57
Ash 0.15+0.01 0.15+0.01
Invert sugar 58.46+0.86 62.49 £0.83
Fructose 32.53+0.58 32.92£1.13
Glucose 25.94 £0.28 29.56 +0.31
Fre/Gle 1.26 +0.01 1.12+0.05
Sucrose 14.25+2.19 9.60+1.84
HMF 21.45+1.34 49.75+20.01

“The sweetness of extract was adjusted to 45% with sucrose or honey.

Table 3.3.92. Quality of honey from bees fed plum extract”

Plum
Sucrose Honey
Moisture 18.85+0.35 19.90 +0.00
Ash 0.13£0.01 0.12+0.00
Invert sugar 34.92+0.76 60.35+0.00
Fructose 18.92+0.28 30.19+0.00
Glucose 16.01 +0.49 30.16 £0.00
Frc/Glc 1.19+0.02 1.00 +£0.00
Sucrose 39.55+1.48 8.90 +0.00
HMF 18.50 +3.82 38.80+£0.00

“The sweetness of extract was adjusted to 45% with sucrose or honey.

- 165 -



=2
>
ofo
12
i
1%
Lo,
=
)
A
o
e
o,
v
gl
i
-3
I
=
o
s
i
rlo
Y,
rlo
=2
>
o

Table 3.3.93. Color of honey from bees fed functional extracts’

L a b

Chestnut Sucrose 20.21 £0.01 1.30+£0.04 1.82+0.01
flower Honey 30.35+0.05 0.99+£0.02 1.29+0.01

Sucrose 30.24 +0.39 1.18 +0.28 1.35+0.22
Green tea

Honey 34.56 +4.86 2.60+1.97 5.87+6.18
- Sucrose 23.05+5.59 2.65+1.49 841797

um
Honey 30.32+0.00 0.69 £0.04 0.98+0.03

“The sweetness of extract was adjusted to 45% with sucrose or honey.

Table 3.3.94. Turbidity of honey from bees fed functional extracts”

Turbidity

Chestnut Sucrose 1.13+0.17

flower Honey 0.54+0.04
Sucrose 1.06 £0.38
Green tea
Honey 1.05+0.48
Sucrose 0.97+0.44
Plum

Honey 0.22£0.01

"Sweetness of extract was adjusted to 45% with sucrose or honey.
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Table 3.3.96. Flavonoid and total phenol concentrations of honey from bees fed

functional extracts”

Flavonoid Total phenol

Chestnut Sucrose  37.26+10.97 1.99+0.07
flower Honey  3250+1.52 2.26+0.15

Sucrose  33.80 £4.60 2.23+0.04
Green tea

Honey 56.20 £25.91 1.59+0.36

Sucrose  23.96£3.11 0.99+0.02
Plum

Honey 25.69+1.31 0.94+0.07

Table 3.3.97. SOD-like activity and DPPH radical removal activity of honey

from bees fed functional extracts”

SOD-like activity DPPH radical

removal
Chestnut Sucrose 25.05+0.12 101.42 £0.00
flower Honey 15.10 +2.54 95.20 +0.72
Sucrose 23.90+£3.85 99.25+9.19
Green tea
Honey 18.56 £2.32 90.00+£9.27
Sucrose 22.80£2.06 75.98 £1.33
Plum
Honey 10.98 £0.67 59.26 £0.00
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F& E 3.398~1000M ek o] R ke oAM= A3t L grind®

oM 9 wter weo| A7 FFS o A A wAM= dad T A3 F

- 168 -



28S grind®d W o] gxo A== HHbygow Eolxgom pHE Alol7tf

t}. flavonoid®} polyphenod &#oll®= 2t7he] 2 FEWH ol & Zol7t ¢l

o] &2 SOD At} dagoee = FEWHo

=
ek Zpol 7k gllem, grind R o3 2ol wEbM o BE Aolrk e Alw

Table 3.3.98. Quality of chestnut flower honey as affected by extraction method

Chestnut flower

Traditional Improved
Moisture 17.75+1.34 17.20 +0.00
Ash 0.14+0.01 0.14+0.00
Invert sugar 959.45+3.37 62.43 £0.00
Fructose 31.04+0.23 31.69+£0.00
Glucose 28.40 +3.61 30.74 £0.00
Fre/Gle 1.11+0.15 1.03+0.00
Sucrose 11.95+5.02 8.40 +0.00
HMF 31.35£19.16  51.70+0.00
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Table 3.3.99. Quality of green tea honey as affected by extraction method

Green tea

Traditional Improved
Moisture 16.30+0.14 17.30+0.42
Ash 0.15+0.01 0.14+0.00
Invert sugar 59.88+2.86 60.49 +£2.00
Fructose 32.12+0.00 32.53+0.58
Glucose 27.76 £2.86 27.96 £2.58
Fre/Gle 1.17+0.12 1.17+0.13
Sucrose 12.05+£5.30 10.50 £3.11
HMF 42.20+30.69  43.15+29.34

Table 3.3.100. Quality of plum honey as affected by extraction method

Plum
Traditional Improved
Moisture 19.50 +0.57 18.60 +0.00
Ash 0.12+0.00 0.13+0.00
Invert sugar 47.91+17.60 34.38 £0.00
Fructose 24.65+7.83 18.72 +0.00
Glucose 23.26 £9.77 15.66 £0.00
Frc/Gle 1.09+0.12 1.20+0.00
Sucrose 23.70+£20.93  40.60 +0.00
HMF 30.00+12.45  15.80+0.00

Table 3.3.101. Color of functional honey as affected by extraction method

L a b

Chestnut Traditional  25.30+5.88 1.14£0.18 1.56+£0.31
flower Improved 30.31 +0.06 0.99+0.01 1.29+0.01

Traditional ~ 30.47 +0.13 0.92+0.04 0.84 +0.37
Green tea

Improved 34.33+5.12 2.86+1.67 6.38 +5.60
- Traditional ~ 29.11 +1.40 1.03+0.39 1.24+0.30

um
Improved 18.20+0.03 3.94+0.00 15.31 £0.00
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Table 3.3.102. Turbidity of functional honey as affected by extraction method

Turbidity

Chestnut Traditional 0.84+0.35
flower Improved 0.54 +0.04

Traditional 0.69+0.08
Green tea

Improved 1.42+0.13

Traditional 0.41 +£0.21
Plum

Improved 1.35+0.08

Table 3.3.103. pH and titratable acidity of functional honey as affected by

extraction method

pH Titratable acidity

Chestnut Traditional 413+0.16 40.50 £3.54
flower Improved 4.25+0.00 39.00 £0.00

Traditional 4.08 £0.05 41.75+7.42
Green tea

Improved 4.04+0.07 56.25 £6.72
- Traditional 3.91 +£0.07 72.715%13.08

um
Improved 3.88+0.00 81.00 £0.00

Table 3.3.104. Flavonoid and total phenol contents of functional honey as

affected by extraction method

Flavonoid Total phenol

Chestnut  Traditional 35.25+6.86 2.17+0.24
flower Improved 31.76 £0.29 2.18+0.01

Traditional 53.62 £28.75 2.06+0.18
Green tea

Improved 36.38 £1.67 1.77 £0.56
Pl Traditional 25.12 £2.50 0.96 £0.05

um
Improved 23.37+3.46 1.00 £0.02
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Table 3.3.105. SOD-like activity and DPPH radical removal activity of functional

honey as affected by extraction method

SOD-like activity

DPPH radical

removal
Chestnut Traditional 20.91 £4.83 98.06 £4.76
flower Improved 13.42 +2.54 95.71 +0.00
Traditional 18.66 £2.52 94.65+2.63
Green tea
Improved 23.80+3.90 94.60 £15.77
- Traditional 16.15+6.09 67.15+11.16
o Improved 24.29+0.24 76.92 +0.00
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o] o] &% F QU= "W FTFY wFolst= Hol7t wlg Fast
A48 A= 9l Isomerose 1002 sugar®] 42%7} fructose, Isomerose 550 sugar®]
55%7} fructose, Isomerose 900< sugar® 90%7} fructoseol™, <A77t FFE
fructose o] @i Ftol HIAMTE fructose $hFFo] Wow A A3 AXHET). fructose
55%¢] o] o ol A= AIstal A& A o] F58hA & o] &

284" B sucroses H ol EA HyA O R @Wol o] &3t} sucroset 11FF
e, A e, candy FEl7t At sucroses= o] Z A3FEFA| 9 pancake syrups,
molasses, candy, starchesS < HALE do7ith £E3] €95 AR EE FX Zolof 3
=3

sugar candy+ 15lb sugar + 3lb glucose(white syrup) + 4cupse & + 1/2
teaspoon?] tartare] AP oz wEet t}e 242°F7tA] 7rdek & 180°FE W zhste] Ab
&gt

2. To] AYSAAE E 1A 29
o= glucose oxidase? Aol <& AT gluconic acidE Bl E3Fe] citric
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benzoic acid, cinnamic acidrla & o1& /7 F714HAFH &, 1989)7 #AitstE<Ql &
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4ol &S el A tH(Ferreres end, 1991; &, 2003).
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