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Design of Solar- Powered Absorption

Refrigerator of Storage of Vaccine

Sharfeddin Abdualla — Abdul Baset Mansur Ali
The Higher Institute of Engineering Technology - Tripoli

_
Abstract

This study presents an analysis and design of a solar powered absorption

refrigerator of storage of vaccines. Solar cooling systems are used to
provide refrigeration for medicine and food .Absorption cooling systems
that use solar power are a sustainable key solution for refrigeration systems
that could provide both cooling and heating for commercial, industrial and
residential uses that require absorption refrigeration systems. However, the
solar energy that is available for these applications depends on a range of
factors; for instance a clear sky and the latitude of the country. Also, the
storage of energy is an important concern. This research considers the
design and analysis of an absorption refrigerator of storage that is driven by
solar panel. The cooling load for the machine is 1.7 kW and the coefficient
of performance (COP) is between 0.7-0.9. For this design, the
thermodynamic analysis has been carried out on the single stage absorption
refrigeration system using Water-Lithium Bromide (H2O-LiBr) solutions.
This study has addressed and analyzed the effect of generator temperature
on the coefficient of performance (COP) of the system. In addition, this
project provides feasibility study of a solar powered absorption system

under Libya weather conditions.

Keywords: Solar absorption refrigeration storage, energy conservation,
Water-Lithium Bromide.
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List of symbols and abbreviations:

Symbols Description

Qe Heat transfer rate at condenser

Qc Heat transfer rate at absorber

Qg Heat transfer rate at generator

Cop Coefficient of Performance

A Circulation ratio

Ews Fraction of components of weak solution
Ess Fraction of components of strong solution
m Mass flow rate of refrigerant

mss Mass flow rate of strong solution

mws Mass flow rate of weak solution

q Heat transfer rate of system

Too Ambient temperature

Pe Low pressure

Pc High pressure

Te Evaporator temperature

Tc Condenser temperature

To Absorber temperature

Tg Generator temperature

Wp Pump work

hi ,ho Enthalpy change accompanying change in state
n Efficiency of solar energy collectors

no Conversion factor

al,a? Loss coefficients

Qu Energy absorbed by the collector plate
Tm Average collector fluid temperature
Tamb Temperature of the ambient air

S Average solar heat falling on earth’s surface
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1- Introduction

The current demand is shifting to new technologies because of energy
problems has led to the shortage in energy supply and to the spiralling
energy cost which has been worrying scientist for more than three decades
now. The shift to renewable energy in the form of solar and wind, together
with geothermal and biomass energy has become popular in recent years
with serious attention devoted to the issue for both domestic and industrial
usage. The use of solar energy, despite its drawbacks in the form of
intermittence and dispersion, offers a good potential as a promising way of
reducing consumption of fossil fuel and the emission of Co2 into the
environment. The most important factor to be taken into consideration in the
use of solar energy is finding an efficient and reliable method of heat
storage.

Libya is presently experiencing rapid increase in its consumption of energy
as its electricity consumption has risen from its 2000 level of 15.74 billion
kWh to approximately 25.24 billion kWh in 2014, and the increase in this
energy consumption is expected to be at a level of 8% annually compared to
that of the rest of the world which stands at 3% (CIA 2006).

There is always a peak in the demand for electricity during the summer
months as a result of the high refrigeration and air conditioning systems
usage. Solar radiation is quite abundant in the country of Libya. The mean
global solar irradiance per year amounts to 4.5 kWh/m2/ day (ZAROUG
2013). It is quite encouraging to utilize solar energy in pushing for cool
ventures. Furthermore, the seasonal differences with regards to available
solar energy are in segments with the cooling requirements of buildings.
Solar radiation can be converted into thermal energy through thermal solar
collectors and then be utilized in operating thermally driven cooling cycles
in the form of as absorption and adsorption cycles.

1.1 Overview of solar power absorption cooling system

The absorption refrigeration development has been linked to high energy
cost (FLORIDES 2003). This type of convention refrigeration techniques
will leads to high environmental degradation. The vapour power system is
still used by more than 70% of people in world. The 41% of primary energy
is used in buildings and 70% of the energy is being met by fossil fuel. These
results in 38% of emission of carbon dioxide into the atmosphere and also
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the energy consumption of vapour compression system are very high. So
due to these effects, there is a urgent need for energy efficient absorption
cooling system. This kind of technique needs to be promoted to combat the
environmental degradation. Absorption cooling is the most commonly used
thermal driven technology to produce chilled water. This technique is used
all over the world because of simple mechanism, easier implementation,
highly reliable, simple capacity control, silent operational mode. The major
advantage is low cost and low maintenance cost for efficient use of solar
power energy for cooling applications. In refrigeration and air conditioning
applications the absorption system uses lithium bromide water or ammonia
water. The low cost solar collector may be used to power the generator of
LiBr water thus making these units most suitable for solar application
around the world. The other solutions which can be used are NH3 water and
it requires high temperature generators in the range of 12 to 170 degree
Celsius. Here the medium concentration ratio parabolic collector is used.
When compared to LiBr the NH3 is costly in terms of operation and
maintenance cost. So it is advisable to use LiBr water which gives high
efficiency and excellent cost saving mechanism.

» A

| Q, C_.-r' Solution pump

| i -

T T, . T

Figure 1 basic components of absorption refrigeration system
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1.2 Thermodynamic analysis of the refrigeration system
Thermodynamic analysis of the absorption system involves finding
important parameters such as enthalpy, mass flow rates, flow ratio and heat
that transfer from or to the whole components of the system. These values
are to calculate and design the coefficient (KAUSHIK 2014) .
1.2.1 Evaporator (Qe)
The purpose of use evaporator is to evaporate the refrigerant liquid by
absorbing a heat from cooling load. The refrigerant vapour leaves the
evaporator as refrigerant vapours and goes to the absorber to complete the
refrigeration cycle.

= Mass conservation:

myo= 1y =m
= Energy balance:
Qe = (hin — hout)

cooling water

T Toue
hlﬂ — \‘I hl
— S EH —
m.l.ﬂ‘ k7 r. rj-ll

C ..

Evaporator

Figure 1 Energy balance of Evaporator

1.2.2 Condenser (Qc)
The superheated vapour that comes from the generator converts to saturated
liquid as result heat exchange with the cooling water.

=  Mass conservation

Mg =Mg =M
= Energy balance
Qc = (hin — hout)
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cooling water
L Q.

T-:-ut
Tl'lt
hq — hs
S — «—
g ms
Condenser

Figure 3 Energy balance of Condenser
1.2.3 Absorber (Qa)
In the absorber the strong solution absorbs the water vapor that come from
evaporator, the result of this process produces weak solution that pump to
the generator during heat exchanger.

hg | i L 0.
h, y h,
> )~

Absorber

Figure 4 Energy balance of Absorber
= Mass conservation:

Myy,s =M+
my=nil+m3

= Energy balance
Qa=nih1+nissh8—mwsh2
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1.2.4 Generator (Qg)
The main purpose of the generator is increase the heat of solution to

separate the refrigerant vapour from the solution, the refrigerant vapour goes

to the condenser and the strong solution returns back to the absorber.
= Mass conservation
m,,s =M+mg,
= Energy balance

Qg=mpg+m,, hs—mgsh,

N @

m
s 9 .

:

M hB

Generator

Figure 2 Energy balance of Generator

1.2.5 Heat exchanger: (QHx)
According to (Joudi 2001) the weak solution LiBr-H20 which comes from

the absorber gets heat from strong solution which comes from the generator.

= Mass conservation:
Mys=m;= Mg
Mys =Mz = M,
= Energy balance:
QHx = (1 + A) m(h3 — h4)
=Ani (hs—he)
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I _’ /——\I‘ b -
mSS Tnﬁ

b ) o

m

Tt

Heat exchanger

Figure 6 Energy balance of heat exchanger
1.2.6 Circulation ratio
The circulation ratio (A) can be defined as the ratio of strong solution
flow rate to refrigerant flow rate and it is given by:
Ews

) - Ess—Ews

A = Myys
m
" My, = Axm
" mg=mx*(1+2)
1.2.7 Coefficient of performance (COP)

According to first and second laws with neglecting pump work, the
maximum possible COP absorption system is given by:

Qe
cop =<2
Qg

2. Methodology and data analysis

Thermodynamic analysis of the system involves finding important
parameters like enthalpy, mass flow rates, flow ratio, Heat and Mass
Transfers for the whole system to finally calculate the system Coefficient of
Performance (COP). These values are to be then used for design of the
system. The mathematical model is developed by using Excel software. The
schematic illustration of the system contains evaporator, absorber, heat
exchanger, condenser and expansion valves. Enthalpy of pure Lithium
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Bromide and of water vapour at any temperature in the system can be
determined from steam tables that are given the ASHRAE. Enthalpy of
solution is calculated from Water-Lithium Bromide (H20O-LiBr) Pressure-
Temperature- Concentration-Enthalpy (P-T-&-h) Chart.

The simulation will depend on several of assumption of temperatures for the
generator and absorber. Taking into consideration design conditions that
show in the table 1.

Point Tempoecrature Pr%s:gre Conce(;otratlon ]lz/lga)si Enthalpy kJ /kg
1 4 0.0087 — 0.002 2489.6
2 20 0.0087 0.44 0.006 —-170
3 20 0.074 0.44 0.006 —-170
4 50 0.074 0.44 0.006 —-100
5 100 0.074 - 0.002 2676
6 100 0.074 0.657 0.004 —52
7 25 0.074 0.657 0.004 —136
8 25 0.0087 0.657 0.004 —136
9 40 0.074 - 0.002 186
10 40 0.0087 - 0.002 186

Table 1 thermodynamic analysis of the absorption system (H20-LiBr)

2.1 The implementation of the mathematical model

According to (KUEHN and RAMSY 1998) all equations that used in the
model analysis are derived from of the thermodynamic analysis of
absorption refrigeration system as written in previously. These equations are
developed and they are implemented for each components of absorption
system in Excel software.

2.1.1 Energy balance
Mass flow rate through evaporator, condenser and expansion valves:

Qg

— =0.002 Kg/s
hy = Ry

m =

e Mass flow rate through absorber, heat exchanger and pump:

From the circulation ratio (A) equation can be found the ratio of strong and
weak solution flow rate to refrigerant flow rate

Ews

- Ess — Ews
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e Mass flow rate of weak solution
m,,s =Ax*m = 0.004 kg/s

e Mass flow rate of strong solution

mg =m* (1 +A) = 0.006kg /s

I.  Heat transfer rate at condenser:
Qu = (h8 — h‘lO) = 102 KW

Il.  Heat transfer rate at absorber:
Q, = my, + my,sh, — mwshz = 1.46kW

1. Heat transfer rate at generator:
Qg == mhg + mwshs - m55h4 == 1467kW

IV.  Coefficient of Performance (COP)

copP =&— .87

Q
2.2 Calculations of solar water heater
According to (BASKHARONE 2012) the amount of useful energy or the
energy absorbed by the collector plate is given by:

Qu = K *S *A
Where:

= K = efficiency of collector plate = 0.75
= S =average solar heat falling on earth’s surface = 4.5 kWh/m2/
day.
= A= Area of collector plate
= Heat required in the generator Qg has calculated to be 1.74kW =
1740W.
From the previous equation can calculate the required area of the collector
plates for provide the heat required to the generator:
QU 2
A= KrS 43.7m
Total Area of collector plates system 44 m?. Total area of the solar
collectors required 44 m? i.e. 8 plates of 3*3m? can be used.
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3 Results

3.1 Refrigeration system:

In this section of study, it has developed the method of calculation the
coefficient of performance (COP) depending on analysis data of the
thermodynamic of the H20-LiBr and it based on change in of temperatures
for the system components. As mentioned the COP of the Single effect
LiBr-H20 system is (0.7 — 0.9). According to the calculation that is made
the COP of absorption system is 0.87, the design and results of the system
as show in the below table;

No Component Symbol Description Result
1 Evaporator Qe Nominal capacity 1kW
2 Condenser Qc Heat rejected 1.02kW
3 Absorber Qa Heat rejected 1.46kW
4 Generator Qg Heat supplied 1.74kw
5 System COP Coefficient of Performance 0.87

Table 1 Final results of design

3.2 Technical data for evacuated tube collectors and absorption system:
As calculated previously, thermodynamic analysis of the absorption

refrigeration system and calculations of solar water heater, the heat required
for the generator 1.74kW can be provided using evacuated tube collector.
This heat that be supplied as hot water, it come from the solar evacuated
tube collector. The table below shows Technical data for evacuated tube
collectors and absorption system that have been chosen:

Model type Description
Area of collector plate 44 m?
Number of plates 8
Number of tubes 30
Size 3m*3m
Efficiency of collector plate 0.75
Weight S54kg
Storage tank size 70 +
Nominal flow rare 0.015
Coefficient of performance COP of the 0.74
system

Table 2 Technical data for evacuated tube collectors and absorption system

©,
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4 Conclusion

The simulation has been presented some of effects on single effect
absorption refrigeration system that is based on energy balances,
concentration of mass and heat transfer from or to the system. The
Mathematical model that has been implemented in Excel software and
compared the results that obtained with some of results from the literature to
verify where the results are satisfactory as observed. In conclusion, Water-
Lithium Bromide (H20-LiBr) for Single effect

were analysed for cooling applications that driven thermal energy (60 —
100°C). The single effect absorption cycles can operate from 80°C to 100°C
of heat temperatures to achieve a COP of about 0.7— 0.9. In this chapter also
solar collectors to drive absorption refrigeration system has been done, it
indicate the solar collector can provide 100% of energy overall of that
required to run the absorption system and acceptable efficiency which is
0.74. This analysis was depending on some of important parameter such as
solar collector area, thermal efficiency, average collector fluid temperature
and Temperature of the ambient air of Libya.

The second part of this paper is related to solar energy. It was shown that
for the solar energy system the optimum type of absorption cooling system
is one where the evacuated tube collector and heat pipe collector area
44 m?. This means that there is a need for six plates of 3x3 m?2 to provide
the necessary temperature for the generator; it also means that the solar
panel is designed to provide 1.7kW.
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Abstract It is a useful method in research of lattice theory to construct
new lattices by using known pairs of lower and upper approximation
operators of rough sets. Rough partial order relation is important concept to
introduce rough and pre-rough distributive lattice. In this paper, we
investigated some algebraic structures consisting of a pair of approximation
operators. Dually isomorphic distributive lattices, in some approximation
spaces are studied. We have discussed some properties of lattice theory in
the approximation spaces. Concepts of R-open, R-closed sets, rough and
pre-rough lattice of a generalized approximation space are introduced in
new spaces called Lattice approximation space and Lattice pre-
approximation space. We defined the lower and the upper approximations
for any element acL and introduced six types of order relations on
elements of lattice L by using the topological concepts. Therefore, we may
use lattice structure when the elements or the sets are not crisp. We have
also provided some important results and theorems. Finally, we cite some
examples to illustrate the definitions and theories.

Keywords: Lattice, Rough, Pre-rough, Lower approximation, Upper

approximation, Distributive Lattice.
Introduction:

The rough set theory, introduced by Pawlak [1], accounts for the
definability of a concept with an approximation in an approximation space.
It is a mathematical tool to deal with data analysis and knowledge
discovery, the rough set theory depends on the understanding of its basic
notions, that is, lower and upper approximation operators [2], they are a key
notion of this theory. In the development of the theory of rough sets,
approximation operators are typically defined by equivalence relations [3,4].
Researchers have proposed many generalized notions of approximation
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operators and studied the connection between rough sets and algebraic
systems from different methods due to the extreme importance of this
association in practical life applications.

Lattice Theory is a relatively new branch of mathematics, which lies on
the interface of Algebra and logic. Lattice theory plays an important role in
many disciplines of computer science and engineering. It has many of
applications in distributing, concurrency theory, programming language
semantics and data mining. They are also useful in other disciplines of
mathematics.

J. Pomykala and J. A. Pomykala [5] developed various pairs of dual
approximation operators and showed that set of rough sets form a stone
algebra. Rana and Roy [6] introduced rough set approach on lattice. Zhu and
Wang [7, 8] introduced several types of approximations and examined three
types of covering-based rough sets under these approximation operators.
Iwinski [9] defined rough lattice and order without using any concept of
indiscernibility of rough set.

Lin et al. [10] studied approximation operators by considering the
granular structure of a covering. Although many different
approximation operators in covering-based rough sets have been
proposed and studied extensively, a framework within which to place
all these studies is still needed. To address this issue, Yao [11]
summarized and classified the existing approximation operators into
element-based, granule-based and subsystem-based definitions. Yang
and Li [12] constructed a unified reduction theory by redefining the
approximation space. Chen et al. [13] examined the reduction of a
covering related to an information system. Most of these are
motivated to form lattice by inducing some order relation on rough
sets. That is rough set is used as an example of lattice. However,
rough set is the generalization of ordinary set and therefore one of the
main directions of the paper is to study the algebraic structure
(lattice) based on generalized approximation operators.

In this paper, we apply the notion of approximation operators to the lattice
theory and introduce the notion of lattice approximation (pre-
approximation) spaces, and then derive some basic properties. We also
study the possibility of forming lattices on these approximate operators and

BANI WALEED UNIVIERSITY JOURNAL OF SCIENCES & HUMANITIES — Thirteenth Issue - September 2019 ( 19 ,




Generalized Approximation Operators in Lattice Theory

forming distributed lattices. Moreover, we define the approximate operators
for the elements of a given lattice and create a new order for these elements.
In addition, two unary operators are considered on approximate groups,
making the latter forming a structure called a rough lattice. The acting
results are proven for coarse synapse. This paper concerns algebraic aspects
of generalized approximation spaces. Main results are:

1- The collection of lower (pre- lower) and upper (pre- upper)
approximation of sets are completely distributive lattices.

2- The family of definable sets is algebraic completely distributive lattice.

3- The family of all R-open sets (respectively, R-closed sets, R-clopen sets)
is a completely distributive lattice.

4- By two unary operators on rough sets, we can form structures that are
named rough and pre-rough lattices.

5-Representation results for rough lattices and pre-rough lattices are proved.

This paper is organized as follows. In Section2, we review
relevant notions related to rough sets and lattice theory. In Section3,
we discuss lattices of Pawlak approximations. We also study lattices
of generalized approximation operators in Section4; we introduce
lattice approximation space in Section5. Lattice pre-approximation
space are constructed and explored in Section6. Finally, we presented
a conclusion of this paper

2- Definitions and Notations

In this section the subjects needed in the other parts, have been
presented.

I- Rough Set
Definition 2.1. If (U, R) is a Pawlak approximation space, where R is

an equivalence relation and X < U . The lower and upper approximation
of aset X are respectively defined as follows:

R(X)=U{[x]eU/R:[x]=X }={xcU:[x]= X }

R(X)=U{[x]eU/R:[XINX 2@ }={xeU:[x]NX 2D }.
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The operatorsBﬁ p(U) — gpU) are, respectively called the
lower and upper approximation operators.

Definition 2.2. If (U, R) is a Pawlak approximation space and X — U .

Then the set B(X) =R (X)=R(X) will be referred as boundary region
of X.

Definition 2.3. Let K =(U,R) be a Pawlak approximation space and
X cU, then

1-X is an exact (R-definable) if R(X)=R(X), this means that
B(X)=0.

2- If B(X )= then the set X is referred as a rough (undefinable) with
respect to R.

Remark 2.1. A rough set X is described by two approximations
R(X),R(X) .

I1- Ordered Set and Lattices

Definition 2.4[14]. Let P be a set. An order relation < on P is a
reflexive, antisymmetric, and transitive binary relation, that is, for all a,
b,c P,

i- a<a,

i- a<bandb<aimplya=Db,
iii- a<bandb<cimplya<c.

An ordered set (P, <) consists of a nonempty set P and an order
relation < on P.

There is a very useful way to depict posets using the so-called
Hasse diagrams. Every finite ordered set (P, <) can be represented by a
Hasse diagram, which is a special directed graph, consists of circles
(nodes) and line (edges) and the name of all elements of (P, <). The circles
represent the elements and the information of the ordered set, while the
edges correspond to the neighborhood relationship among the elements.
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Definition 2.5 [14]. Let P be an ordered set and let S € P. An element x € P
is an upper bound of Sifa<xforallaeS. Alower bound of S is defined
dually. If there is a least element in the set of all upper bounds of S, it is
called the supremum of S and is denoted by sup S or S; dually a greatest
lower bound is called infimum and written inf S or S.

We also write a v b for sup {a, b} and a A b for inf{a, b}. Supremum and
infimum are frequently called join and meet.

Definition 2.6 [15]. A lattice is a partially ordered set in which any two
elements x and y have a least upper bound x V y and a greatest lower
bound x Ay .

Definition 2.7. A distributive lattice is a lattice L satisfying the
distributive laws

- XA(YVZ)=KXAY)V(XAY), VXY, z€EL.

ii- XV(YAZD)=(XVY)A(XVZ), VXV, Z€L.

Definition 2.8. We say that an element b € L is a complement of a €L if
avb=landanb=0.

Definition 2.9. A lattice L = (L; <) is called a Boolean lattice, if

I- L is distributive,

ii- L has a least element 0 and a greatest element 1,

iii- For each a € L has a unique complement b € L.

Lemma 2.1. A sub lattice of a distributive lattice is distributive.

Definition 2.10[16]. A distributive complete lattice L is called a complete
Boolean algebra if every element a € L has a unique complement b € L
such thata A b =0 and

avb=1
3. Lattices of Pawlak Approximations

We construct new order relations on elements of a power set go(U ),
for any nonempty universe U based on Pawlak’s notion of
approximations. In addition, we study the possibility of forming lattices on
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these approximation operators, moreover, forming distributed lattices.
Some properties of them are investigated.

Pawlak defined concepts of rough equality and inclusion relations
as in the following definition.

Definition3.1. Let (U, R) be Pawlak approximation space. X,Y cU .
Then

- XY if R(X)<=R(Y).
i- x =y if R(X)cR(Y).

i-X  Yif R(x)<=R(v)and R(X)cR(Y).
Remark 3.1. Rough inclusion relations are equivalence relations
onpU)

By using these relations, we can construct new order relations
on elements of go(U ), for any nonempty universe U.

Lemma 3.1. All relations which defined in definitions 3.1 are
order on R.

Proposition 3.1. Let (U, R) be Pawlak space. X,Y cU . Then
i- The ordered sets(P(U), <), (P(U), &) and ((U), C ) are

complete Boolean lattices.
ii- The lattice (P(U), <)is dually isomorphic to the lattice

(P(U), ).
Definition3.2. Let (U, R) be Pawlak approximation space. X,Y cU
Then

- X=Y if R(X)=R(Y).
i-x =v if R(X)=R(Y).

iii- X ~Y if R(x)=Rey) and R(X)=R(Y).
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Remark 3.2. Rough equality relations are equivalence relations on (U ).
In addition, we can construct new order relations on elements of (U ), by
using these relations.

Lemma 3.2. The relations which defined in definition 3.2 are order on R.

Let R be an equivalence on U. We denote the set of all equivalence classes
of R by U/R.

We show that for equivalences, we can for any =-class pick a representative
of that class such that the family of representatives forms a complete sub
lattice of (U ).

If R be any binary relation on a universe U. We can construct an
equivalence relation on g (U) as follows.

Definition 3.3. Let R be any binary relation on a universe U. a binary
relation = on 4 (U) is defined by: X = Y if and only if R(X) = R(Y)and
R (X) =R (V).

One can easily show that = is an equivalence relation on (U ),

called rough equality relation and coincide with the relation~. Whence the
pair (o(U),=) is pawlak approximation space.

We denote the = class of X S U simply by [X], The equivalence classes of =
are called rough sets. The set of all rough sets if denoted by R. We
study the structure of rough setsR = {[X]: X € U }.

Lemma 3.3. Let R be an equivalence on U.

i-If X is definable, thenforallY € U,R(X U Y)=R(X) UR(Y) and
RXNY)=RX)NR ().

ii-If R(x) = {x}, thenforall X € U,x € R(X) if and only if x € R (X).

Proof. Itisknownthat R(X U Y)S R(X)UR(Y).LetxeR(X U Y).
We have two cases. If R(x) N X # @,then R(x) € X andx € R(X),
because X is definable. If R(x) N X = @,thenR(x) € Yandx €
R(Y). Hence, in both cases x € R(X) U R(Y).
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Also, itisclearthat R (X N Y)S R (X) NR (V). Letx €R (X) N R (V).
ThenR(x)NX # @and R(x) N'Y # @.Since X isdefinable, R(x) <
X,and Ro)n X nY)=RxXNX)NY = R(x)NY # @.Thus,
x ER (X NnY).

(b) By the definition of approximations, the proof is obvious.

Definition3.4. Let R be any binary relation on a universe U. a binary
relation inclusion < on R is defined by: [X] < [Y] if and only if R(X) <
R(M)andR (X) € R (V).

Lemma 3.4. The relation <, which defined in definition 3.4, is an order on
R.

Proof: We have to show that < is reflexive, antisymmetric, and transitive. It
is trivial that < is reflexive. Suppose [X] < [Y] and [V ] < [X] for

someX,Y € U. Then R(X) € R(Y) S R(X) and R (X) € R (Y) € R (X),
which means X = Y and [X] = [Y ].Then < is antisymmetric.

Now, let [X] < [Y]and [Y] < [Z]forsome X ,Y,Z < U, then R(X) <
R(Y) SR(Z) andR (X) SR (Y) SR (2), that s, [X] < [Z].

The operators V and A in R has been defined as in the following
definition

Definition3.5. The operators vV and A in R is defined point wise by
[X]v[Vf]=[XuY]and[X]A[Y] =[X NnY]

Proposition 3.2. The ordered set (#AU ) , <) is a complete Boolean lattice.
4. Lattices of General Approximation Operators

This section is devoted to construct new ordered sets of approximation
operators defined by arbitrary binary relations for all X € (U ), Recall
that for a binary relation R on U, we denote xR = {y € U | x R y} which
called after sets, also Rx = {y € U | y R x} and called before sets.

Definition 4.1. Let U be a nonempty universe, and R be general binary
relation. Then the pair (U, R) is called a general approximation space.
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From the class of after sets{xR:xcuU }or the class of before sets
{ Rx:x eU }, we can generate a topology on U denoted by -, .

Definition 4.2. The lower and upper approximations of X < U are defined
as follows:

R(X) ={x € U|Rx € X}and F_Q(X) ={x e U |Rx N X * @} .

The boundary of X is B(X) = R(X) = r(x).

It is known that if R is a general binary relation on U, then the lower and
upper approximation operators are respectively the interior and closure
operators of a topology -, on U.

Remark 4.1. For the lower and upper approximation operators, we
distinguish three cases

1- If R(X) = R(X) = X, then X is called definable set, which means that X
is clopen set. We denote the family of all definable sets of (U, R)as
Def (U,R).

2- If R(X) # R(X), then X is open set in (U, R)iff R(X)=Xiff X ¢
R(X) . The family of all R-open sets of (U, R)is denoted by O(U, R).

3- If R(X) # R(X), then X is closed set in (U, R) iff R(X)=X iff R(X) €
X . The family of all R- closed sets of (U, R) is denoted by C(U, R).

4- The pair (R(X),R(X)) is called the approximation of X. The set of all
approximations is denote by X= {(R(X),R(X)), X < U}.

A complete ring of sets means a subfamily of P(U) for some set U
closed under arbitrary intersections and unions. It is easy to see that every
complete ring of sets is a distributive lattice under the set-inclusion order.

In a complete lattice, elements can be finitely approximated from below are
of importance in the view of theoretical computer science and are called
compact elements. An algebraic lattice is actually a complete lattice with
enough compact elements. More precisely, we have the following notions
and results coming from Domain Theory [10].
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Lemma4.1. Let (U, R) be a general approximation space, X € O(U, R) iff
X¢ e C(U,R).

Proof. X € O(U,R) iff X € R(X) iff (R(X))© € XCiff R(XC) < X€,
which means that X¢ € C(U,R).

Theorem 4.1. The pairs O(U,R) and C(U, R) are both completely
distributive lattices.

Proof. It is easy to show that @, U € O(U,R). Let{X;:i € I} < O(U,R),
this means that

Xi c E(Xl) for a” i € 1.50 ﬂiEIXi c ﬂieIE(Xi) :E(ﬂiel XL) Hence

N;c; X; € O(U,R).Thus, O(U,R) is a complete ring of sets and is a
completely distributive lattice.

By the similar argument, one can show that C (U, R)is also a complete ring
of sets and is both a completely distributive lattice.

Theorem 4.2. Let (U, R) be a general approximation space. If R is
symmetric, then O(U, R) and C (U, R) are both complete Boolean algebras.

Proof: By Theorem 4.1, O(U, R) is is a distributive complete lattice with

@ and U being the smallest and largest elements respectively.

Let X € O(U,R). Toshow X¢ € O(U,R), by Lemma 4.1, we need to show
X € C(U,R), thatis to show R(X) € X. Let € R(X). ThenR(Y) N X # @.
Pick x € X with yRx. It follows from the symmetry of R that xRy. X €

0 (U, R) is closed under the successor operation. Then it follows from x € X
and xRy that y € X. Therefore, we have R(X) < X. Thus

X¢ € 0(U,R). S0 0(U,R) isacomplete Boolean algebra.

Since C(U,R) isdually isomorphicto O(U,R) then C(U,R) isalso a
complete Boolean algebra.

Remark 4.2 symmetry of R is not necessary for Theorem 4.2, for O(U, R)
to be a complete Boolean algebra. Example 4.1 shows this remark.
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Example 4.1 Let U={123} andR ={(1,2),(2,3),(3,1)}. Then
O(U,R) = {U, @} which is a complete Boolean algebra. However, R is not
symmetric.

Theorem 4.3. For any equivalence on U, X is a complete sublattice of go(U
)x$2(U ).

Proof. We must prove that Nie 1((R(X),R(X})) =
(Nie 1 R(XD, Nie s REXD)

and Vie ;(R(X), R(X)) = (Ui e  R(X:), Uie R(X)). Let {(R(X),R(XY)),
i € I} be asubset of X. Then, by properties of aapproximation operatorswe

have
(R, [Rew) = ([ )RexCo,[ R

iel iel iel iel

= ®( xR )x%

iel iel
(Uier R, Ui RXD) = (Uie R, Ui e R(XE)))=
R(U;e (X€)),R(U; e ;(XE))) . Therefore

Aie (((R(X), R(X)) = (Nie; R(X), Nie R(X;)) and
Vie ((R(X), R(X)) = (Ui e/ R(X:), Ui e R(XY)).

Proposition 4.1. For any binary relation, the set Def (U, R) is a complete
lattice with respect to the set-inclusion relation.

We denote R(p(U)) = {R(X): X S p(U)}and R(po(U)) ={R(X): | X <
$U)}

Proposition 4.2. The lattices (R((U),S), and (R(p(U),S) are
sublattices of (g (U ), <)

Theorem 4.4. If R is a binary relation on U, then following assertions hold.
i- The maps R: go(U) — (U ) and R: p(U) — $(U) are mutually dual.

ii- The boundary of any set is equal to the boundary of its complement.

iii- The complete lattices R(¢o(U )) and R_(go(U )) are dually isomorphic.
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Proof. i-x € (R(X))* & x€¢R(X) © Rx) ¢ X & R n
XC+ ¢
x € R(X®). Further, (RX))® = (R (X“))¢ = RXC))E = R(XO).
ii- B(X) = R(X) = RA)=R() N (R(X)) * = (R(X)* NRXC) =

R(X€) = R(X)=B(X©).

iii- We show that the map f: R(X) — R(X®) is an order-isomorphism
between (R(g(U)), <) and (R(p(U)) , 2). Since we have R(X) < R(Y)
iff f (R(X) = R(XY) = (R(X))® 2 (R(Y))® =R(Y)=f (R(Y)). Thus, f
is an order-embedding.

Further, if R(X) € R(p(U)) , then £ (R(X©))=R (X°“)=R(X) that is, f is
onto.

5- Lattice Approximation Space

In this section; first, we define lower and upper approximations for
sub sets of lattices to introduce the lattice approximation space. After that,
the interior operator is defined for elements of lattices to introduce the lower
and upper approximations for any element and define some new order
relation.

Let L be a lattice with a least element 0 and a greatest element 1 and f a
mapping L defined as follow: f (x) = a Ax for all xeL, where a is a
distributive complemented element of L. It is trivial to verify that f is a
lattice homomorphism.

Let R is a binary relation on L by setting: xRy if and only if f (x) =
f (y). Itis obvious that R is an equivalence relation on L.

Definition 5.1. Let L be a lattice, the equivalence relation Ron L, which
defined as:

xRy ifand only if f (x) = f (y), thatis, a Ax=a Ay.for all
X,y €L
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For all a €L, the equivalence class of a is the set {x: f (x) = f (a)}. We
denote it by Ra = [a]y.

Definition 5.2. Let < L, V, A > be a lattice and R is an equivalence relation
which defined in definition 3.1 .Then the pair (L, R) is said to be a lattice
approximation space.

Definition 5.3. The lower and upper approximations for A < (L,R) , is
defined as:

R(A) = {x:[x]z €A}, R(A) = {x:[x]z N A # @} respectively.
Proposition 5.1. The class [a]g is a sublattice of L for all a €L.

Proof: V x;,x, € [a]g,we have f (x1) = f (a), f (x;) = f (a). Since f isa
lattice homomorphism,

fahx)= fa)Af)=f @A @ =f@

faVx)= fx) Vix)=f @V f(a)= f(a). Then x;Ax; €
[a]r, x1V x;, € [a]g. Thus [a]R is a sublattice of L for all a €L.

Proposition 5.2: For all r, m €L, we have
I-[rAm]g = [r]gA[m]g;
ii- [rVm]g = [r]gV[m]g.

Definition 5.4. Let (L,R) be a lattice approximation space. LetA C L .
Then the set

A =(KA), R(A)) is said to be rough set in (L,R) if for all x ,y € 4, we
have:

i- x\y € R(4), ii- x\/'y € R(A).
Proposition 5.3. If A= (KA),E(A)) is a rough set in a lattice

approximation space(L, R) such that R(A) = 4, then R(A) is a sublattice of
L.
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Proof. Since A = (R( A),R(A)) is a rough set in the lattice approximation
space(L, R), therefore clearly, Vx,y € R(A),xAy € R(A) and xVy €
R(A). Hence the proved.

Proposition 5.4. If L is a distributive lattice and A = (ﬂA),ﬁ(A)) is a

rough set in the lattice approximation space (L,R) such that R(A) = A.
Then R(A) is a distributive lattice.

Proof. Since R(A) = A and A = (KA),E(A)) is a rough set in the lattice

approximation space (L,R) , therefore by Proposition 5.3, R(A) is a
sublattice of L and hence by Lemma 2.1, R(A)is a distributive lattice.

Proposition 5.5. If L is a distributive lattice and A = (R(A),R(4)) is a
rough set in the lattice approximation space(L, R), then A = (RC A),R(4))
is a distributive lattice in(L, R).

Proof. SinceA = (R(A),R(4)) is a rough lattice is a rough set in the

lattice approximation space (L, R). Therefore for all x ,y,z € R(A) imply x
,¥,z € L and since L is distributive, X A (y VZ) = (X Ay) V (X AY). Therefore

VX,y,Z2ERA), x A(y V)= xAY)V (xAY) which means
that A = (R(A), R(A)) is a distributive lattice in (L, R).

By using the topological concepts, we can get the lower and the upper
approximations for any elementae L.

Definition 5.5. Let (L, A, v) be a lattice, we define the interior operator
on Las follows int(x)=v{aeL, a<x},Suchthat

i- inta<a

ii- int(aab)=intaaintb

iii- int(a)=int(int(a)) forany a,be L.

Definition5.6. The closure operator on a lattice L can be defined as
cl(x) = (int(x"))" , where x° is a complement ofx, thus

BANI WALEED UNIVIERSITY JOURNAL OF SCIENCES & HUMANITIES — Thirteenth Issue - September 2019 ( 31 ,



Generalized Approximation Operators in Lattice Theory

c(x)=int(x"))" =(fael, a<x} - faeL,a>x}

We introduce the lower and the upper approximations for any element
ae Las follows

Definition 5.7. Let L be a lattice, then for any element x e L,
R(a)=int(a)=v{xel, x<a},
R(a)=cl(a)=A{xeL, x>a}

The elements B(a) and F_Q(a) are the lower and the upper

approximations of a e L respectively.
Remark 5.1. The elements x and y of A are equivalent if they have the
same upper and the same lower approximations. That is

x = yifandonlyif R(x) = R(y)and R(x) =R (y).

Theorem 5.1. Let L be a complete Boolean lattice and let f: go(L) — (L)
be any map.

i- Themaps R:L — Land R:L — L are mutually dual.

ii- (R, <), (R,<) are complete lattice where 0 is the least element and 1 is
the greatest element of (R, <) and (R,<).

iii- The complete lattices (R, <) and (R,<) are dually isomorphic.
Proof: It is similar to Theorem 4.4.
Definition 5.8. Let L be a lattice, we say that an element a € L is an

exact element ifR(a) =R (a). Otherwise, the element acL is a
rough.

Lemma5.1. Let L be a complete Boolean lattice. Then
i- R(0)=R(0)=0and R(1)=R (1) =1,
i- R(X)<X<R(X) forany xel .

iii- if x<y implies R(x)<R(y) and R(X)<X<R(Y).

@ BANI WALEED UNIVIERSITY JOURNAL OF SCIENCES & HUMANITIES — Thirteenth Issue - September 2019




Entesar Al Amin

Remark 5.2. By using, approximations operators of ae L , we can
define six types of order relation on elements of lattice L. The
following definition illustrate this remark.

Definition 5.9. [15] Let L be any lattice. For any a, b L, we define
i- aisroughly bottom orderof b (a < b)if R(a)<R(b).

ii- a is roughly top order of b (a = b) if R(2)<R(b) .

iii- @ is roughly order of b a < b if R(a)<R(b) and R(2)<R(b).
iv- a is preroughly bottom order of b a < , b if R, (a)<R,(b).
v- a is preroughly top order of b & Zp b if ﬁp (a)< ﬁp (b).

vi- a is preroughly order of b a<, b if R (a)<R,(b) and
R (a)<R, (b)

Example 5.1. Let B={0, a, b, ¢, d, e, f,1} and let the order =
be defined as in Figure (1).

Figure (1)
We calculate the approximation operators of B as shown in

Table (1)
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Table (1)
X R 1 R(x)
0 0 0
a 0 a
b 0 b
C 0 C
d d 1
e e 1
f f 1
1 1 1

The dually order isomorphic ordered sets (R(B),<) and

(R (B), <) are shown in Figure (2)

| |
f e a c
0 0

6. Lattice Pre-approximation Space:

In this section, we present pre-rough lattice and some properties based
on pre-appreximation space.
Definition 6.1[17]. Let U be a finite nonempty universe. Then the pair
(U, Rp) is called a pre-approximation space where Rp is a general relation

used to get a subbase for the topology T on U and a class of preopen sets
P,(U,7), the mail stone for this space. P.(U, t)is the class of preclosed
sets.
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Definition 6.2[17] let (U, Rp) be a pre-approximation space, the pre- lower
and pre-upper approximations of a non-empty subset X of U is defined

respectively as follows:
R, (X)=U{ueR, (U, 7); ucX}

R,(X)=M{N €P.(U, ), X cN}

Definition 6.3[17] The pre-boundary of X is denoted by P.B(X) is given
by. P.B(X) = Rp(X) — Rp(X)

Definition 6.4. [17] Let (U,Rp) be a pre-approximation space, X € U.
Then:

1- X iscalled R —definable ( pre- exact) whenever Rp(X) = R, (X)
2- X is a pre- rough whenever Rp(X) # R, (X).

Definition 6.5. Let (U, R,) be a pre-approximation space, X, Y <U Then
we have

i- XY if Ry (X)cR, (Y).

ii- XY if Ry (X)cR (Y).

iii- Xc,Y if Xc,Y and XEpY.

Proposition 6.1. Let (U, Rp) be a preapproximation space. Then
i-The relations < , and Ep are partially ordered on g (U) .
ii-(R,(P(U)),9) and (R,(P(U)),<) are sublattices of ((U), S).

iii-(R,(P(U)).g)and (ﬁp(P(U)),g) are complete Boolean lattices.
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Theorem 6.1. Let (U, Rp) be a pre-approximation space. Then

I-The maps Rp: P(U) — P(U) and Rp: P(U) — P(U) are mutually dual.
ii- The pre-boundary of any set is equal to the pre-boundary of its
complement.

iii-The lattice (R,(P(U)),©) is dually isomorphic to the lattice
(R,(P)),9).

Proof. It is similar to Theorem 4.4, considering the definition of pre-lower
and pre-upper approximations.

Example 6.1. Let (U,R;) be a preapproximation space where

U ={a, b, c}and R defined as follows R = {(a, a), (b, a), (b, b) }. Then
the  topology  which  associated  with  this  relation is
r={{a},{a, b}, U, &}. From the Table (2), we draw the lattices

R(PL)),o), (R(PV)),9),(R,(PW)),9) and (R, (P()),<).

Table (2)
A R(A) |R(A) |[R,(A) |R,(A)
o vl |l o
by |ibe) |o 2 b}
{c} {c} % %) {c}
{ab}l |u {ab} |{ab} |u
{ac} |u {a} {ac} |u
{bc} |{bc} | @ {b,c}
% % % % %
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1-The lattice diagram of (R(P(U)),<) is shown in Figure (3)

U
 {a,b)

{al

%)

Figure (3)

2-The lattice diagram of (R(P(U)),<) is shown Figure (4)
{

=

Figure (4)

3- The lattice diagram of (R, (P(U)),<)is shown in Figure (5)
U

ta.c} ta. b}

ta}
]
Figure (5)
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4- The lattice diagram of (R, (P(U)),<)is shown in Figure (6)

Figure (6)

Definition 6.6. Let (U, R, )be a pre-appreximation space and < L, V, A >

be a lattice with two binary operations V and A defined over L .Then the
pair (L,Rp) is said to be a lattice pre-approximation space. Let A € U

and Ap = (Rp(A),Rp(A)) be the pre-rough set of 4 in(L, Rp).

Definition 6.7. Ap is said to be pre-rough join semi-lattice if xVy €
Rp(A),Vx,y € A.

A, is said to be pre-rough meet semi-lattice if x Ay € Rp(4),Vx,y € A.

Definition 6.8. A is said to be pre-rough lattice in (L, Rp) with respect to
the operations Vand A if xVy € Rp(4),x Ay € Rp(4),Vx,y € A.
Proposition 6.2. If Ap = (Rp(4), Rp(A)) is a pre-rough set in a lattice pre-
approximation space(L,Rp) such that Rp(4) = A, then Rp(4) is a
sublattice of L.

Proof. Since Ap = (Rp( A),Rp(A)) is a pre-rough set in the lattice pre-
approximation space(L,Rp), therefore clearly, Vx,y € Rp(A),xA\y €
Rp(4) and xVy € Rp(A). Hence the proved.

Proposition 6.3. If L is a distributive lattice and Ap = (Rp( A4), Rp(4)) isa
pre-rough set in the lattice pre-approximation space (L,Rp) such that
Rp(A) = A. Then Rp(A) is a distributive lattice.
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Proof. Since Rp(4) = 4 and Ap = (Rp( A), Rp(A)) is a pre-rough set in
the lattice pre-approximation space (L, Rp) , therefore by Proposition 4.3,

Rp(A) is a sublattice of L and hence by Lemma 2.1, Rp(A)is a distributive
lattice.9

Theorem 6.2. A pre-rough lattice Ap is complete pre-rough lattice if Ry (A)
is a complete sublattice of L

Proof. Let Rp(A) is a complete sublattice of L. Then every non-empty
subset of Ry (A)has a least upper bound and greatest lower bound in Ry (A).
Since A is a non-empty subset of Rp(A), therefore X has a least upper

bound and greatest lower bound in Rp(A4). Hence Ry (A)is a complete rough
lattice.

Proposition 6.4. If L is a distributive lattice and Ap = (Rp( A),Rp(4)) isa
pre-rough set in the lattice pre-approximation space(L,Rp), then Ap =
(Rp(4), Rp(A)) is adistributive lattice in (L, Rp).

Proof. Since Ap = (Re (. A),Rp(A)) is a pre-rough lattice in the lattice pre-
approximation space (L,Rp). Therefore for all x ,y,z € Rp(4) imply x
,¥,z € L and since L is distributive, X A (y VZ) = (X Ay) V (X Ay). Therefore
VX,%,Z2ERp(A), x A(yVz)=(xAY)V (XAY) which means
that Ap = (Rp(A4), Rp(A)) s adistributive lattice in (L, Rp).

Proposition 6.5. Every pre-rough sublattice of a pre-rough distributive
lattice is pre-rough distributive lattice.

Proof. Let Ap is a pre-rough distributive lattice and Hp is a pre-rough
sublattice of A therefore Rp(H) € Rp(A)and hence if x,y,z € Rp(H) then
x,v,z € Rp(A) but Ap is pre-rough distributive lattice, therefore x A
(yVz)=(xAy)V (x A z) Therefore if x,y,z € Rp(H),x A (y V
z) = (xANy)V (x A 2).
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Proposition 6.6. If L is a distributive lattice and A, is a pre-rough lattice
then Apis a pre-rough distributive lattice.

Proof. Since Ap is a pre-rough lattice and Rp(A) € L. Therefore for
allx,y,z € Rp(A) implyx,y,z €L but L is distributive then x A (y V
z) = (x Ay)V (x A z). S0, VX,y,ZERp(A), x A (y V2) = (x A
y) V (x A y)then A, is a pre-rough distributive lattice.

Theorem 6.3. If A, is a pre-rough distributive lattice and Rp(4) = A then
A is distributive sublattice of L and vice-versa.

Proof. Since A, is a pre-rough distributive lattice and Rp(A4) = A therefore
forallx,y,z € Rp(A) =Awehavex A (y Vz) = (x Ay) V (x A Yy).
Also by Theorem 6.2, Rp(A) is sublattice of L and since sublattice of a

distributive lattice is distributive, therefore Rp(4) = A4 is distributive
sublattice of L.

Conversely, let Rp(A) = A is distributive sublattice of L. Therefore Rp(A)
is pre-rough lattice withx A (y Vz) = (x Ay) V (x A y)) for all

X, v,z € Rp(A) . So Ap is pre-rough distributive lattice.
Conclusion

In this paper, the concept of rough and pre-rough distributive lattice are
introduced based on generalized approximation operators. At first, we
studied dually isomorphic distributive lattices, in some approximation
spaces and then we constructed rough and pre-rough lattice in an
approximation space and pre-approximation space, which we called them
Lattice approximation space and Lattice pre-approximation space. In
addition, we studied some properties of them. Pre-rough lattice (as we
defined) is a pre-rough set with two binary operations and it behaves in a
lattice like manner within the rough boundary. As we defined the lower and
the upper approximations for any elementa e L. We introduced six types of
order relation on elements of lattice L by using the topological concepts.
Therefore, we can use lattice structure when the elements or the sets are not
crisp.
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The abstract

Honey has known as a natural food for bees that gained from types of plants
and flowers, which affected the types of honey such as the bees species,
plant or flower source, season of collecting and others. In this study, two
samples of honey were collected from two cities in Libya during spring
season which are Sidr honey from Baniwalid and spring honey from
Tarhona . Both of these samples used with a concentration of 50% and
100% (wi/v) against three targets of bacteria: Escherichia coli, Pseudomonas
aeruginosa and Streptococcus to define the MIC factors. In agar plates
contained the target bacteria, wells were made with diameter of 6 mm and
honey sample were poured in. The results showed a vary differences in the
physical properties and its affects against the bacteria. The pH data were
measured to be between 7.7 for spring honey and 6.9 for Sidr honey. Spring
honey has inhibited the growth of Psedomonas with a dimeter of 2 cm at
50% 2.7 cm at 100%. On the other side, E. coli was inhibited with diameter
of 1.6 cm at 100 % and 0.9 cm at 50%. The entire target was inhibited by
Sidr honey, where E. coli was less resistance; it was inhibited with a
diameter 2.2 cm and 1.1 at 50% and 100% in sequences.

1.1 Introduction

Honey has been used for a long time (4,000 years old), and in the modern
science for the treatment of respiratory disease, urinary disease, skin ulcers,
etc (Noori et al., 2004). Honey color and flavor are determined by the
various plant species visited by the bees. However, cultivated plants grown
for other purposes can provide an important source of nectar. Common
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nectar sources include agricultural crops, tree fruits, small fruits,
ornamentals, and wild flowers. Honey is widely used as a source of sugars
for making honey wines and beers, and in the manufacture of many
secondary products: breakfast cereals, bakery goods, and a multitude of
other value-added product. Energy value of honey is (3,040 kcal/kg), and
the Sugar content is about 80% (Codex, 2002). According to Kwapong et al
(2013), the mixture of honey and ginger showed high antimicrobial activity
against pathogenic Gram positive and negative bacteria. Modern science has
made it possible to specify honey significances as bactericidal,
bacteriostatic, antiviral, antifungal, antioxidant and antitumor (Bardy et al.,
2008; Estevinho et al., 2008).

Honey possesses inherent antimicrobial properties, some of which due to
high osmotic pressure/low water activity, and because of this, it has the
inhibitory to the growth of the majority of bacteria (Nagaraj et al., 2012),
which are of significant concern considering the emergence of resistant
bacteria. A study on the evaluation of honey against resistant organisms
showed that honey has the ability to inhibit the growth of some bacterial
species with different levels. Thus, these findings indicate that there are
factors contributing to the observed antimicrobial activity (Pimental et al.,
2013).

The viscosity of honey is normally affected greatly by the temperature
and the water content which probably related to changes in weather (dry and
wet seasons). Generally, normal ripened honey has a moisture content of
17.5 to 18%, with a water activity of 0.58 (Matther, 1997). The higher the
humidity, the easier honey will flow. However, above the melting point of
honey, the water has little effect on the viscosity. Aside from water content
of honey, the compositions also have little effect on the viscosity, with the
exception of a few types. The viscosity of honey can be increased or
decreased depending on the temperature that occurs very slowly at first. A
type of honey containing about 16% humidity and at 70°C will have a
viscosity of around 2 poises, while at 30°C the viscosity of this honey will
be 70 poises. As cooling progresses, honey will attend to become more
viscous at an increasingly rapid rate reaching 600 poises around 14°C
(Mohammad et al., 2012).
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The specific chemical components of honey are varied according to the
flora available to the bees, locations, harvest season, management, and
especially the bee species that produced the honey (Mohd et al., 2003;
Carlos et al., 2008). Adenekan (2012) reported differences in the nutritional
content of honey, for example, the mean nutrient contents of honey samples
collected from different sources in Ogun State, Southwestern Nigeria for the
year 2008, 2009 and 2010 contained different amount of sugar content. The
glucose content was 18.42 and 18.91 g 100 g™* obtained from the samples of
honey collected from Abeokuta and ljebu-Ode, respectively, while the mean
value of 25.32 and 30.1 g 100 g*glucose were obtained from Ogere and
Ilisan honey samples, respectively. On the other hand, the fructose content
evaluated in honey samples ranged from 25.42 — 38.21 g 100 g*.

The emergence of antibiotic resistance strains of food borne pathogens
has created concern to food and human safety. There is a need to search for
alternatives that could inhibit the growth of these antibiotic resistant
microorganisms. While most published work reported on the antimicrobial
capacity of honey, little information is available on the antimicrobial
activity of honey, particularly in Libya.

There are 4,000 species of native sting bees worldwide. The members of
the four most common families are Apidae, Halictidae, Andrenidae and
Megachilidae, from remote wildernesses to gardens and backyards. Bees are
absent at high mountains (Moisset, 2011).

1.1.2 Antibacterial Properties

It is recognized that most types of honey have antibacterial activity and that
this activity is dependent on physical and chemical factors (Pimental et al,
2013). The antibacterial capacity of honey, first reported in 1980, is
currently being revised. Two main theories have been proposed to explain
this capacity: one is that it is due to the action of the hydrogen peroxide in
(Dustman, 1979), and the other is that it is the nonperoxide activity, that
inhibits microbial growth. The major components of honey are sugars,
which themselves possess antibacterial activity due to the osmotic effect
they have, although studies carried out to test this antimicrobial activity use
concentrations at which the sugars are not osmotically active (Viuda et al.,
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2008). The viscosity of honey is sufficiently high to create a physical barrel
that inhibits the contamination of a wound by infectious agents present in
the air. Due to its high sugar concentration, honey eliminates most bacteria
by osmosis. The antibacterial activity can also be partially attributed to a
number of factors including the acidity of honey. Osmosis and hydrogen
peroxide have long been considered as the main factors responsible for the
antibacterial activity of honey. However, the verification of non-peroxide
antibacterial activity in honey diluted to low concentrations has brought
attention to the presence of other antibacterial agents (Pimental et al, 2013).
The antimicrobial activity of honey is also related to its geographical region
and flower from which the final product is derived (Andualem, 2013).
Increasing the honey concentration in general, lead to increase the inhibition
of growth of the tested bacteria (Alqurashi et al., 2013).

Sampath et al. (2010) also reported that the antimicrobial properties of
honey can be resulted due to (a) the low water activity that causing osmosis;
the effect of honey is primarily a saturated mixture of low monosaccharides.
The mixture has a very low water activity; most of the water molecules are
associated with the sugar and only few remain available for micro-
organisms, as a result, this environment is poor for the microorganism to
growth; (b) hydrogen peroxide effect that is generated by the action of an
enzyme added by the bees during the process of nectar to honey and, (c)
high acidity where the pH of honey is reported to range between 3.2 and 4.5.
This relatively acidic pH level can prevents the growth of many
microorganisms.

The enzymes present in honey were reported to exhibit the
antimicrobial properties. However, in most honeys, the antimicrobial
properties produced can also be from non-peroxide components. Manuka
honey, for example have a high level of non-peroxide components and
display significant antimicrobial effects even when the activity of hydrogen
peroxide is blocked (Deb et al., 2011; Molan, 2012).

1.1.3 Evaluation of the Antimicrobial Activity

The agar diffusion assay has been the most widely used method for
determination of antimicrobial activity throughout history. The results of the
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agar diffusion test are generally qualitative. In this assay, the antimicrobial
compound is added into a well within an agar plates and then, the compound
diffuses through the agar, which resulted in a concentration gradient that is
inversely proportional to the distance from the wells. The degree of
inhibition, which is measured as the zone (zone of inhibition), where no
growth around the well, is depending on the rate of the diffusion of the
compound and the cell growth (Davidson et al., 2005).

2.1 Material and methods
2.1.1 Honey samples

Libyan honey samples were obtained from different sources in Libya during
spring season but different sources, one sample was taken from Bani Walid
which it is Sadr honey, while the other sample was taken from Tarhoona
and it is spring honey. These samples were kept at room temperature for
further study.

2.1.2 Honey preparation

All honey samples were diluted using sterile distilled water and used within
2 h of preparation. Two main concentration were made, 50% and 100%
(Whv).

2.1.3 Bacteria preparation

Pathogenic bacteria were obtained from (Bagdad) clinic laboratory, these
bacteria were isolated from sick people’s blood. Routine culture were
performed on Nutrient agar. The used microorganisms were Escherichia
coli , Pseudomonas aeruginosa and streptococcus agalactiae.

2.1.3 Agar well method

The method of Boorn et al. (2010) were followed. The antimicrobial activity
of honeys was assessed against microorganisms using agar well assay.
Briefly, agar plates containing 20 ml of Mueller—Hinton agar were swabbed
with the target microorganisms separately and then wells were made in the
agar using sterilized cork-borer. 100 pul of 50% and 100% honey solution
(w/v) were aliquoted into the well and incubated aerobically at 37°C for 24
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h. The results were taken by measuring the diameter of the clear zones
around the honey wells.

3.1 Result and discussion
3.1.1 physical and chemical properties

Both honey samples were different in color, where spring honey was darker
then the sidr honey, in addition, spring honey has higher viscosity than sidr
honey at room temperature which caused due the high concentration of
glutinous material that gave it sweeter flavor than sidr honey. However, this
means that the spring honey has the properties to inhibit the growth of target
bacteria by the high concentration of sugar, high viscosity and higher pH
than sidr honey, where results showed in the next table:

Table 7: the pH of honey samples with 50% and 100% (w/v) at 25 °C

Concentration (w/v) Spring honey Sidr honey
50% 6.7 7.00
100% 7.7 7.2

3.1.2 MIC Dtermination

On the other hand, this assay showed that pseudomonas was the most
inhibited by spring honey which did not has the ability to inhibit
streptococcus at 50% (w/v) compared to sidr honey that could inhibit their
growth at both concentration. pseudomonas was inhibited by spring honey
with diameter 2 cm at 50% and 2.7 cm at 100%, where E.coli was prevented
with 1.6 cm at 100% and 0.9 cm at 50% with spring honey.

All target bacteria was inhibited by sidr honey, E.coli has the lower
resistance where it inhibited with diameter of 2.2 and 1.1 cm at 50% and
100% consequently. It has shown that sidr honey shows better activity when
diluted aganst E.coli and Streptococcus. On the other hand, it did not inhibit
the growth pseudomonas which has diameter of 0.9 cm and 1.5 cm at 50%
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and 100%. This results was similar to Boorn (2010) which says that the
good concentration of oxidase glucose enzyme, that made of glucose
hydrolysis, is ineffective in bure honey sample and it re-activate after adding
water to honey (figure 1).

Pseudomonas E.coli Streptococcus

Figure 1: The inhibitory zone of 50%&100% (w/v) Sidr honey against selected
bacteria.

Pseudomonas E.coli Streptococcus

Figure 2: The inhibitory zone of 50%&100% (w/v) Spring honey against
selected bacteria.

Honey possesses therapeutic potential which include antimicrobial
activity. Although the antimicrobial activity of honey has been effectively
established against an extensive spectrum of microorganisms, it differs
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depending on the type of honey. Some of the readings from agar diffusion
assay generated interesting information compared to MIC values. Zainol et
al. (2013). The macro dilution method is frequently used to calculate the
MIC which reflects the minimum quantity necessary for microbial growth
inhibition (Aggad & Guemour, 2014). The MIC of natural honeys was
found to range from 1.8% to 10.8% (v/v). In vitro study indicated that
honey had antibacterial potency to be able to stop the growth of
Staphylococcus aureus, the most common wound pathogen when diluted 56
times while growth of H. pylori isolates which cause gastritis are inhibited
by a 20% solution of SHB from Saudi Arabia (Tahereh & Moslem, 2013).

CONCLUSION AND RECOMMENDATION

The study of the five raw types of honeys showed different antibacterial
ability against the selected pathogens because these samples were produced
by different species of bee, also due to the different nectar sources. Since
honey is a complex of substance, the antibacterial activity of honey cannot
be confirmed by using one single method. It is recommended that the well
diffusion method is useful for initial screening while other methods such as
nano-photometer assay could be included. The potency to inhibit the growth
of pathogens is suggested to be contributed by water soluble compounds
present in honey that needs to be further elucidated.
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