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ABSTRACT

This study was carried out at the apiarv of the College of Agriculure. Kafr
El-Sheikh University, to study the effect of combs age on honey production.
physical and chemical properties. Sixteen honey bee colonies were divided into four
groups according to age of combs (1, 2. 3 and 4-years old). The highest amount of
honey vield was harvested from colonies contained l-year oid conibs. Specific
gravity, viscosity, color and electrical conductivity of clover honey samples showed
significant variations i valies according to combs age. Protein, Phenols and ash
contents were increased in paratlel with age of combs. Organoleptic properties
indicated that honey sampls produced on combs with one-year old had the best
qualities compared to the others. The mean values of color and flavor (tasie & odor)
of it were higher than honeys produced in old combs.

INTRODUCTION

Honey is one of the most complex mixtures of sugars and other minor
components produced in nawre. The physical properties and chemical composition
of honey from different sources have been published by many authors (Badei &
Shawer, 1986 & 1990. Nour. 1988 & 1998; Swallow & Low, 1990: Sporns ef al..
1992; Perez-Arquillue er al.. 1995; Esti et al, 1997: Singh & Kaur. 1997; Anklan,
1998: Andrade et al. 1999 Costa er ol_, 1999; Garcia-Alvarez ef al., 2000; Coronel
& Monti, 2001; Popek, 2002; Rateb, 2005; Mohamed. 2006 and Sheref, 2007). The
composition depends mainly on nectar sources as well as climatic conditions {Abu-
Tarboush er al., 1993).

The color of comb when first built is near-white. Wax comb consists
primarily of hydrocarbons and ester components (Tulloch, 1980} which easily absorb
many types of materials. Comb used for food storage takes on a yellowish hue over
time due to the accumulation of pollen (Free & Williams, 1974). As comb used for
brood rearing ages it becomes darker and almost black (Hepburn, 1998) and he cells
tend to become smaller (Winston, 1987) because of accumulated cocoons and fecal
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material that are deposited by the larval and pupal instars developing within the cell
(Jay. 1963), propolis and poilen (Free & Williams, 1974). The darker color may also
be resulted from numerous unidentified contanznants that are collected and absorbed
in the wax over time. The cell walls thicken with an accumulation of debris from larval
cocoons and other detritus (Coggshall & Morse, 1984),

Since there are very little dara available on the effect of combs age on honey
production (El-Dakhakhni, 1995) and composition, this work aimed to find the effect
of combs age on honey production and its physical and chemical properties.

MATERIAL AND METHODS

This study was carried out at the apiary of the College of Agriculture, Kafr
El-Sheikh University. One week before starting of clover seasen 2006, sixicen
colonies (each five combs) of hybrid Carniolan honey bee headed by young sisters
open-mated queens were equalized to be about the same strength (brood and bees).
The colonies were divided into four groups according to age of combs (1, 2, 3 and 4-
years old). Combs in all groups had been replaced by emprty 1. 2, 3 and 4-years old
combs according to their groups. Food supply was stopped o avoid the presence of
honey from feeding in combs,

1- Honey yield

By the end of May, honey yield was calculated from the difference between
weight of honey combs before and after extraction. Samples of each group were taken
directly from the combs to measure the physical and chemical properties of honey in
Food Technology lab.

2- Physical characteristics.

The analytical procedures followed were: specific gravity by method of
Wedmore (1955), viscosity was measured by using viscometer at 29°C according to
Munro (1943), color was measured as optical density at 400 nm using spectrophotomerer
(White, 1967), electrical conductivity value (EC) using "HANNA" Eleciro-conductivity of
20°C and expressed in mS/em (Vorwohi, 1964), Hydroxy methy! furfural was determuned
using 4 colorimetric method developed by Meyav & Berk (1978), granulaton was
calculated as glicose to water, and also glucose to fruciose ratios,

3- Chemical characteristics.

Moisture content was estimated using Abbe refractometer. The readings of
refractive index, after correction for temperature were converted to moisture, using the
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table of White et al. (1962). Crude protein. by using the Micro-Kjeldah! method 1o
determine the total nitrogen and multiply its value by the factor of 6.25. Ash conient
by ashing in wa electric muffle at 550°C until constant weight; total soluble solid and
total charbohydrates, all were determined according 10 the methods described in
AOAC (2000, Free acidity, lacton and total acidity content were determined as
described by White et al, (1962). The pH value was examined using glass rod “Hanna™
pH-meter, model H 19321, according to A.O.A.C. (2000).

4- Sugar determinations

Reducing sugars were estimated according to the methods described in
AO.A.C. (2000). Sugars (fructose, ghicose, sucrose and maltose) were determined
using an HPLC chromatographic method according to A.O.A.C. (2000). All analyses
of the experiment were carried out in wriplicate.

5- Organoliptic evaluation of honey

Organoliptic properties of the investigated honeys were carried out
according to the method reported by Molander (1976) by twenry panalests.
Organoleptic score were recorded according to the following judging scale. very
good (8-9), good (6-7), fair (4-5), poor (2-3) and very poor {0-1).

Statistical analysis

Data obtained were statistically analysed according io Steel & Torrie
{ 1980). Treatment means were compared by Duncan's Multiple Range Test (Duncan.
1955). Simple correlation was made by using “SPSS 10.0 for windows”.

RESULTS AND DISCUSSION
1- Honey production

Data illustrated in Fig. (1) showed clearly that, the highest amount of honey
was harvested from colonies contained combs of 1-year old (4.77 kg/colony). while
the lowest yield was in colonies contained combs aged 4-years (4.05 kg/ colony).
The high honey yield in colonies with new combs in compared to those with old
ones may be due to the higher brood production in new combs (Berry & Delaplane,
2001) resulted in increasing bee populations who gathered high honey yield. These
results are in agree with those obtained by El-Dakhakhni (1995) as she found thart the
highest Loney area was obtained from colonies containing combs of one-year-old.
while the lowest area was found in colonies had combs of 4-years-old.
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Fig. (1) Effect of combs age on honey yield.
2- Physical properties

The results given in Table (1) indicated that specific gravity, viscosity.
color intensity and electrical conductivity of clover honey samples were ranged from
1.408 to 1.414. 34.80 to 34.92 poise, 0.28 10 0.39 O.D. and 2.24 to 4. 18 mS/cm with
averages of 1.413, 3485 poise, 033 OD. and 3.52 mS/cm, respectively,
significantly depending on age of combs. The highest values of specific gravity,
viscosity, color intensity and electrical conductivity of clover honey were obtained
from combs aged 4-years. These results may be due to high contents of ash, protein
and total phenols resulted from using the combs for food storage ages, and
subsequently accumulation of pollen (Free & Williams, 1974) and for brood rearing
ages (Hepburn, 1998) as well as reduction of moisture content.

TABLE (I)
Effect of combs age on physical properties of clover honey,

Age of | Specific | Viscosity | Color EC HMF Granulation
combs | gravity | (poise) (0.D.) | mS/cm | (mg/kg) | G/W G/F
l-year | 1408 | 3480° | 028 | 242 | 678" | 1729 | 0.791°
2-years 1.409° 34 83 0.32" 3.0l° §.42° 1.73¢ 0.790°
3years | 1.411° | 34.85% | 035 [ 403" | 827 1 175"} (.788"
d-years | 1414° | 3492 | 039 | 448 [ 740° | 176" | 0.783
Mean [.412 34.85 0.33 3.52 7.72 1.74 (1.788
Mcans of each colunm followed by the same letter are not significantly different at the 5% level

according to Duncans Multiple Range Test,

Significant positive correlations between specific gravity, viscosity and color
intensity from one side and each of ash %, protein % and total phenols from other side
were detected, while significant negative corelations with moisture were noticed (Tabie 2).
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The hydroxy methyl furfural (HMF) was ranged from 6.78 to 5.42 mg/ke
and averaged 7.72 mg/kg, independent on combs age.

Granulation of honey expressed as glucose (o water ratio (G/'W) was ranged
from 1.72 1o 1.76 depending significantly on age of combs, and as glncose 1o fructose
ratio (G/F) was ranged from .783 to 0.791. The acmual proportion of fructose to glucose.
in any particular honey, depends largely on the source of the nectar (Anklam, 1998).

TABLE (I1)
Correlation coefficient values for some characteristics of clover honey produced in
combs with different ages.

Comparison r-values
Specific gravity x Moisture % -0.99"
Specific gravity * Ash % 095"
Specific gravity > Protein % 099"
Specific gravity x Total phenols 098
Viscosity » Moisture % -0.98
Viscosity * Ash % 0.96
Viscosity * Protein % 0.98%
Viscosity x Total phenols 0.95
Color x Moisture % -0.99"
Color x Ash % 099"
Color x Total phenols 0,96
Color x Protein % 0.97
Maisture % x Ash % -0.98
Moisture % x Protein % -0.99"
Moisture % x Total phenols -0.98
Protein % % Total phenols 099"
Honeys ash X Wax's ash 0.95
Honey's phenols x Waxs phenols 099"

- and " indicate P<0.05 and P<0.01, respectively.
3- Chemical properties

As shown in Table (3) results indicated that moisture % of clover honey
samples was ranged from 18,15 1o 18.70% with an average of 18.44 % in opposite
trend to age of combs. The percentage of total soluble solid (T.5.S.) was increased
from 81.30 to 81.85% in parallel to age of combs. and averaged #1.56%. These may
be due to high contents of ash, protein and total phenols resulted from using the
combs for food storage and brood rearing ages. Significant negative correlation
between moisture content and each of ash %, protein % and total phenols was
obtained (Tabie 2).
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Reducing sugars: fructose and sucrose showed ascending orders according
to age of combs. In contrast. non-reducing sugars, glucose and maitose showed
descending orders according to age of combs. Significant differences among honey
samples produced in combs with different ages were detected.

TABLE (IIT)
Effect of combs age on chemical properties of clover honey.
Chemical properties 1 Age ozf combsg:;ears) ) Mean
Moisture % 18.70° | 18.54™ | 1838 | 18.15¢ 18.44
T.S.S (%) 81.30° | 81.46° [ 8L62" | 81.85 81.56
Total carbohydrates (%) 79.21° | 79.04° | 78.93% | 7886 79.01
Reducing sugars 7283 | 7284° | 7292 1 7208 72.89
Non-reducing sugars 6.38° 6.20° 6.01° | 588" 6.12
Glucose % 3217 [ 32.15° | 32.14° | 32.04° 32.12
Fructose % 40.66° | 40.69° | 40.78° | 40.94 40.77
Maitose % 440" | 435" | 4.20° 415° 4.27
Sucrose % 2.50° 255 | 2687 | 278 2.63
Ash % 0.18° 0.28° 0.32° 0.41° 0.31
Protein % 0.59° 062" 0.69" 0.78° 0.67
Undetermined (%) 1327 | 153 1.68° 1.80° 1.57
H 1.30 3.24 3.25 3.30 3.27
Free acidity mg/kg 32.75° | 32.50° | 30.75° { 30.257 31.56
Lacton mg/kg 10.50" | 10.00° I 10.50° { 10.50° 10.38
Total acidity mg/kg. 43.25" [ 4250° | 41.25° | 40.75° 41.94
Total phenols (mg/100g) 1.40° 1.50° 1.90° 2.20° 1.75

Means of each column followed by the same letter are nof significantly ditferent at the 5%
fevel according to Duncans Multiple Range Test.

The pH of honey was ranged from 3.24 to 3.30, and averaged 3.27. Free
acidity of clover honey was ranged from 30.25 to 32.75 mg/kg with an average of
31.56 mgrkg. The total acidity was ranged from 40.73 to 43.25 mqg/kg with a mean
of 41.94 mq/kg. The pH of a honey is not directly related to the free acidity because
of the buffering action of the various acids and munerals present (Abu-Tarboush e/
al., 1993). The variation in acidity among different honey types may be attribured to
variation due to harvest seasot (Perez-Arquillue e af_, 1995).

Ash, protein and total phenols contents in clover honey and comb's wax
were detected to be in ascending orders according to age of combs (Table 3&4).
Ash, protein and total phenols contents in honey or wax ol old combs were
significantly higher than those of the newest ones, The high values with old combs
compared to the newest ones may be due to frequent using of combs for food
storage resulted in accumulation of propolis and pollen (Free & Wiiliams, 1974).



e
M

Also, tepeated brood c¢ycle resulicd in accumulation of cocoons and fecal material
that are deposited by the larval and pupal instars developing within the cell (Jay.
1963). Honey nommally has low ash content and it depends on the material collected
by the bees during foraging on the flora (Abu-Tarboush ef al., 1993).

Highly significant positive correlation between protein % and tolal phenols
was noticed. Significant positive comelation between honey's ash and wax's ash as
well as between honey's phenols and wax's phenols were noticed (Table 2).

TABLE {(1V)
Effect of combs age on ash, protein and phenols contents in comb's wax.

. Phenol content
Age of combs | Ash content (%) | Protein content (%) (mg/100g)
1-year 2.14¢ 0.72¢ 2.24
2-years 2.67° 0.81% 3.0
3-years 3.13° 0.82° 45"
d-years 4.24° 0.85" 6.3%

Means of each column followed by the same letter are not significantly ditferent at the
5% level according to Duncans Multiple Range Test.

4- Organoleptic properties of honey

The intrinsic changes in honey quality were classified into five categories
according to total scores of their organoleptic qualities. Investigated honey samples
showed that all honeys were free from any insect fragments, sand particles,
undesirable flavours and any fermentation. As shown in Table (5) the pane! test
judgment of honey refereed to their color, taste. odour, viscosity, sourness and
overall acceptability. The results revealed that the age of combs affected the
organoleptic properties of honey. The honey produced in combs aged one-year had
the best qualities compared to all tested honey samples. The mean values of color
and flavor (taste & odor) of it was higher than all of the studies honeys.

TABLE (V)
Effect of combs age on organoleptic properties of clover honey.

Age of Colar | Odor | Taste | Viscosity { Sourness Overa!l'

combs acceptability
1-year 9° g 9 8’ 9° 8.6"
2-years g° g® 9 7" g 8.0"
3-years T 8 g’ 7° 7¢ 7.4°
4-years 7€ 7" 8" 7 6" 7.0°
Significance ) i ) j ) )

Means ot each column followed by the same letter are not significantly different at the
% level according to Duncans Multiple Range Test.
-* indicate P<0.05
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Lastly, it could be recommended 1o use new combs during flow seasons for
obtaining higher honey yield.
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