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Abstract—nvestigations were made on the effect of
temperature  (20-70°C) on the physicochemical
parameters like ultrasonic velocity, density, elieet
conductivity and total soluble solids (TDS) of hgpne
having various concentrations (100, 90, 80, 70 &td
(Ww/w)%). Some other properties pH, refractive index
°Brix and moisture content were also measured anro
temperature. Ultrasonic velocity, density, surfaemsion,
bulk modulus and acoustic impedance were negatively
influenced by temperature. However the other patanse
increase with temperature. All the honey parameters
except density were significantly varies with terapee

and concentration at 5% level of significance. Aodo
correlation was obtained between electrical condiyt

and TDS.
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Honey, Temperature, Ultrasonic velocity.

conductivity,

. INTRODUCTION
Honey is a natural sweet complex food produced by
honeybee and can be used by human without progessin
The natural honey is supersaturated sugar soluih,
99% of its composition with sugars and water odljd].
The special status of honey among consumers i sinc
ancient times because of its natural image andttheal
benefits. Although, the major constituents of horeyg
nearly same, but the composition of honey is végiat
the world and it depends upon geographical, sedsona
floral source, plant origin and storage conditions
[3][41[5].
Adulteration of honey increases from last years for
economic gain. Honey can be made poorer in qublity
adding amounts of sucrose, commercial glucosectstar
chalk, gelatins, water and other substances. These
artificial honeys often have similar taste and [tsls
appearance as natural honeys, but they lack thécmald
and nutritional properties of natural honeys, bseaaf
the absence of the minor constituents that areepteas
natural honeys. This informs the need for the
characterization of honey. However, some
physicochemical properties of honeys that can lsilyea
determined have been found to be helpful for compar
of natural honey samples from different locationd also
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serves as important indicators that can help tondigish
natural honey from artificial honey [6]. The Intational
Honey Commission (IHC) has therefore proposed iterta
constituents like moisture content, sugar, acidiiyd
viscosity as the quality criteria for honey. Théeef of
honey on light can also be useful for determinimg tiype
and quality of product.

Moisture content and acidity of honey play an intpot
role in determining the overall characteristicshaoiney
and final assessment of its quality [7]. Higher the
moisture contents in honey, greater the possitilityeast
fermentation and thus the change of flavour andrcof
honey.

Ultrasonic waves are sound waves with higher fraque
than the maximum that can be sensed by human ear.
Propagation of ultrasonic waves through honey hadps
determine its adulteration because mixing of adaitts
will changes its physical properties such as dgnsit
viscosity and homogeneity etc., these propertiege ha
direct impact on the velocity of ultrasonic wavasotigh
the medium. Ultrasonic methods were used by Ratajsk
al [8] to identify honey types. The ultrasonic wa@tg can

be used with other properties, results in many ntau
thermodynamic properties [9]. Electrical condudyivof
honey shows great variability according to the dlor
origin and can be used for differentiating betwéeney
samples [10]. The electrical conductivity of an eous
solution is measure of its ability to carry outatiecal
current by means of ionic motion. Honey contairgaoic
acids, minerals, ash content, proteins and minsals,
which are ionizable in solution and have propeny t
conduct electric current [11].

Total Dissolved Solids (TDS) is a measure of the
combined content of all inorganic and organic safsts

in honey in molecular, ionized or colloidal solutiform.
There is a good correlation between electrical
conductivity and TDS, indicating both parameters ba
used to determine the honey purity [12].

The purpose of present study was to find the eftdct
temperature on the physicochemical parameters éyho
like ultrasonic velocity, density, electrical comdiuity
and TDS, with varying concentrations. Various honey
parameters such as moisture content, refractivexinoH
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and sugar content (°Brix) was also measured to
distinguish the different concentrations.

II.  MATERIALS AND METHODS
2.1 Honey sample and concentration preparation
Raw honey from the Brassica (Rapeseed) plant vkasta
for study. Since, raw honey will not contain any
adulteration and the honey straight from hives was
considered. The various honey concentrations was
prepared with addition of distilled water and miitill a
uniform solution was obtained. Moisture content can
easily be measured with a refractometer usingeitgtion
with refractive index (n) given by Abu-Jdayil et [@I3]
as:

Moisture % = 608.277-395.743 x n

2.2 Ultrasonic velocity
Ultrasonic velocity was measured by using ultrasoni
interferometer (Batra Trading Company, Dual frequen
1 and 3 MHz) with constant frequency of 1 MHz. The
honey sample of prepared concentration was poured i
the measuring cell and reading was noted from the
ammeter with counts of three maxima. The different
temperatures of honey were attained by circulatibn
water at specific temperature using temperaturéraibed
water bath.
2.3 Electrical conductivity and TDS
Electrical conductivity and TDS of honey conceritnas
were measured using the DIST (Dissolved SolidseFgst
by Hanna instruments (HI 98311). The calibration of
meter was done each time before taking the readitiy
distiled water. Electrical conductivity and TDS nge
measured at constant temperature using water bath.
2.4 Density
To measure the density of honey concentrations;ifépe
gravity method was used. To evaluate the effect of
temperature, the gravity bottles were placed in the
temperature controlled water bath with temperature
regulation for 20 minutes at each temperature, heo t
honey samples will acquired the selected temperatur
2.5 Refractive index
The refractive index of honey concentrations was
calculated by using the Abbe refractometer. Thelirga
of refractive index was noted from scale by adpgstihe
cross wire of telescope of Abbe refractometer agiore
distinguishing the dark and light region at room
temperature and then a temperature correction rfacto
0.00023 per °C for temperature greater than 20°G wa
applied to calculate the final value of refractindex.
2.6 pH
pH was measured with HannpH meter (Model
HI73127). The calibration of pH meter was done befo
each reading with the standard buffer solutiongféout
and 7).
2.7 Determination of other physicochemical
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parameters
Some other properties (moisture content, surfagsida,

bulk modulus, adiabatic compressibility, acoustic
impedance and intermolecular free length) were
determined for honey concentrations at different

temperatures by using the relations given in Table
Table.1: Calculation of some other properties

Parameter Formula used
Surface tension (N/m) 6 =6.33 x 10° pv'*
Bulk modulus (N/rf) K=pxV
Adiabatic compressibility (AN | B = 1/ x /)
Acoustic impedance (Ns/n Z=vXxp
Intermolecular free length (A) L =& pr*

Where n = refractive index

p = density

v = ultrasonic velocity

K; = temperature dependent Jacobson’s constant
whose value is calculated from relation,

K;=(93.875+0.375 T) x 10

Where T is the absolute temperature and this conga
independent of the nature of liquid used as givgn b
Ernest and Kavitha [14].
2.8 Statistical analysis
The obtained results from the experiments weredefsir
its significance using one way analysis of variance
(ANOVA) at 5% level of significance, by the softwear
SPSS version 20.0.

. RESULTS AND DISCUSSION
Table 2 shows some physicochemical properties ef th
five analyzed honey concentrations. With the inseei
moisture content of honey samples the refractidein
and °Brix decrease, which implies that the passafge
light through honey becomes faster with increase in
moisture content. The decrease in sugar contertt wit
moisture content increase shows the reduction iibg
of light. The overall sum of the moisture and sugar
content constitute (95-99) % and the remaining )(34lL
could be attributed to non sugar components ofethes
concentrations. The pH value obtained for honey
concentrations is consistent with literature da& gnd it
is not showing any considerable change becauseégbf h
acidity.
Table.2: Physicochemical parameters of honey
concentrations

Parameter Honey concentrations ((w/w) %)
100 ] 90 | 80 ] 70] 60
Refractive | | joo| 1465 1453 1438 1.411
index
°Brix 782 | 69.6| 620 56.0 50.1
Moisture | g 11| 2852 33.66 39.20 49.89
content (%)
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Sugar + a maximum value [15].
moisture 97.61| 98.42] 95.66 95.20 99.99 700 4 100% Honey
—=—90%H
content % i
pH 3.30 3.35| 3.28 3.33 3.34 +ég§//° :O”EY
6 Honey

3.1 Effect of temperature on ultrasonic velocity 500

The measured values of ultrasonic velocity in honey
samples as a function of selected temperatures and
concentrations is expressed in the form of graptvéen
ultrasonic velocities versus temperature at differe
concentrations as shown in Fig. 1. The ultrasoeloaity

in honey samples decreases with the increase in 100 |
temperature because the intermolecular free length
increases with the increase of thermal energy [16].

400 F

300

200

Electrical conductivity (nScntt)

0

15 20 25 30 35 40 45 50 55 60

Molecules at higher temperatures have more enéngg, Temperature (°C)
they can vibrate faster and ultrasonic waves cawetr Fig. 2: Variations of electrical conductivity atftérent
more quickly. The decrease in ultrasonic velocityy o temperatures
honey with increase in quantity of the distilledteracan 3.3 Effect of temperature on TDS
be explained due to the presence of strong atbracti The patterns of the TDS for honey samples are gaott
between water and honey molecules after mixing.[17] graphically, TDS versus temperature at different
In the case of distilled water, the ultrasonic eélp concentrations as shown in Fig. 3. The increaséhén
increases with increase in temperature. Becaustheof TDS value can be explained due to breaking of thedb
dominant decrease in density of water as temperatur in the honey molecules by acquiring the thermalrgyne
increase up to 70°C. Similar results were repotbgd supplied externally in the form of temperature @ath
Ghaedian et al [18] and Benedito et al [19] fortitiésl The variation of TDS as the function concentratian be
water. because when honey sample was mixed with thelddbtil

2350 —e— 100% Honey water, due to interaction of honey molecules wititex

—¢—90% Honey .

2250 £ . 800 Honey molecules a number of free molecules or ions were

2150 F 70% Hon liberated in the solution.
w 60% Honey 36(
E 2050 | Distilled water —&— 100% Honey
2 —— 90% Honey
8 1950 | 300 | 80% Honey
g —3¢—70% Honey
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2 240
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Fig..1:Variations of ultrasonic velocity at diffare

60

temperatures
i . 15 20 25 30 35 40 45 50 55 60

3.2 Effect of temperature on electrical conductivity Temperature (T)
The values of electrical conductivity are expressea Fig.3: Variations of TDS at different temperatures
form of electrical conductivity versus temperatuae 3.4 Effect of temperature on density
various honey concentrations graphically as shawrig. The density of honey decreases non-significantly fo
2. The electrical conductivity increased with therease different temperatures and concentrations. Theigeos
in the temperature as expected due to the increased honey concentrations was observed higher then tyeofsi
movement and is consisted with the literature data distilled water.
[20][21]. The values of electrical conductivity e on 3.5 Effect of temperature on surface tension
the concentration and mobility of ions present fe t Surface tensions for honey are plotted graphically
honey solution. In the concentrations corresponthrttpe surface tension versus temperature at different
more diluted honey samples, the electrical conditgti concentrations shown in Fig. 4. The surface tension
increased as a result of increasing ion conceatratp to increases quadratically with increase in the cotraéan
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of honey which was also observed by Oroian [22].
Surface tension is influenced by mineral constitsemd

all other active minor honey constituents which nieey
surface active. The decrease in the value of sarfac
tension shows that the surface molecules are iglsgyt
bound as compared to inner honey molecules with the
increase in temperature. Also, the sugar molecates
attracted more strongly by the liquid moleculesthis
attraction exceeds that between the liquid molecule
among themselves, it reduces the surface energyitireg

in a decrease in the surface tension of the sol(i#3].

11 —e—100% Honey
—8— 90% Honey
80% Honey
[—>¢— 70% Honey
—¥— 60% Hon

=
o

Surface tension (N/m) x 1¢
o]

|

15 20 25 30 35 40 45 50 55 60 65 70
Temperature (C)

Fig. 4: Variations of surface tension at different
temperatures

3.6 Effect of temperature on bulk modulus
The plot of bulk modulus versus temperature atedéft
concentration is shown in Fig. 5. Bulk modulus is a
measure of fluid’s resistance to compressibilityheT
decrease in bulk modulus with increase in quamttthe
distilled water is due to the presence of stroraetion
between water and honey molecules after mixing.[24]
With the addition of distilled water, the interamis
between water and honey molecule causes increase in
intermolecular free length and hence decrease Ik bu

modulus.
78 r
—&— 100% Honey
—&— 90% Honey
80% Hon
—>—70% Hon
| —¥%— 60% Honey

S Ul (2] (2] ~
[e) Iy o (o) N

Bulk modulus (N/m?) x 16

I
N

w
(o))

15 20 25 30 35 40 45
Temperature (C)

Fig. 5: Variations of bulk modulus at different
temperatures

50 55 60 65 70
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3.7 Effect of temperature on adiabatic compressibility
Graphs were plotted as adiabatic compressibilitysug
temperature at different concentrations (showni 6).
The variation of adiabatic compressibility with
temperature indicating loose packing of the molesul
inside the shield, which may be brought about by th
decreasing magnitude of interactions with increase
temperature [16]. The change in adiabatic compvéigi
with concentration is because of the interactionttef
distilled water and honey molecules after mixing.

28  —e— 100% Honey
—— 90% Honey

- 80% Honey

—— 70% Honey

L —%—60% H

Adiabatic compressibility x 101 (m2/N)
= = N N N N
o [oe) o N N o

N
i

=
N

15 20 25 30 35 40 45 50 55 60 65 70
Temperature (C)

Fig. 6: Variations of adiabatic compressibility different
temperatures
3.8 Effect of temperature on acoustic impedance
The values of acoustic impedance are shown graphica
as acoustic impedance versus temperature at various
concentrations which are shown in Fig. 7. The dessdn
acoustic impedance with temperature is due to the
decrease in resistance. The decrease in ultragelucity
value with temperature indicates the easy flowmfrsls
waves through the honey sample and hence the &coust
impedance decreases [25]. The increase in adiabatic
compressibility with concentration and hence theuatic

impedance decreases [24].

35
—&— 100% Honey
—— 90% Honey

[ 80% Hone
——70% Ho

L —¥k— 60% Honey

Acoustic impedance x 18Ns/m?)
N N N w w
3] ~ (e} [ w

N
w

15 20 25 30 35 40 45 50 55 60 65 70
Temperature (C)

Fig. 7: Variations of acoustic impedance at differe
temperatures

21
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3.9 Effect of temperature on intermolecular free

length
The intermolecular free length of molecule is both
concentration and temperature dependent. The atécll
value of intermolecular free length is expressefibim of
intermolecular free length versus temperature dcai
which is shown in Fig. 8. Intermolecular free ldngt the
distance between the surfaces of the neighboring
molecules. The influence of temperature increasebea
attributed to ease of breaking of sugar bondsenhibney
samples. The sugar molecules of the sample acqthieed
thermal energy from the applied temperature andcden
which results in increasing intermolecular free glign
Also, the addition of water to honey brings about
exchange of the sugar-sugar hydrogen bonding with
sugar-water hydrogen bonding [6].

0.37 r —m—100% Honey
90% Honey
—3¢— 80% Honey
—¥— 70% Honey
< 0.34 r 60% Honey
<
=
c
£ 031
[0
Qo
8
3
3 o028
[=}
£
o}
=
= 025
0.22

15 20 25 30 35 40 45 50 55 60 65 70
Temperature (TC)

Fig. 8: Variations of intermolecular free length at
different temperatures

3.10Correlation between electrical conductivity and

TDS
Since the electrical conductivity is a measure he t
capacity of liquid to conduct electrical current, i$
directly related to the concentration of salts aligsd in
liquid, and therefore to TDS. Electrical condudtvand
TDS of honey samples show the same behaviour with
respect to temperature and concentrations. Thees th a
good correlation between electrical conductivitydan
TDS, indicating that both parameters can be used to
determine honey purity [12][26][27]. The correlatio
coefficient for electrical conductivity and TDSfeund to
be 1.000 and it is significant at 5% level of sfgm@ince.

IV. CONCLUSIONS
The variations in the temperature and concentratféect
significantly the physicochemical properties (taic
velocity, electrical conductivity, TDS, surface $&on,
bulk modulus, adiabatic compressibility, acoustic
impedance, intermolecular free length) of honeyusth
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these properties can be used as an indicator dityqoa
honey at different levels of concentration and
temperature. The set of complementary techniqued us
in the present study does not require chemicataescor
expensive equipments and gives improved
characterization of the honeys of different regiami
quality of product.
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