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ABSTRACT

The study aims to formulate and optimise topical antibacterial preparation using Malaysian
kelulut honey as the active ingredient and guar gum as the polymeric agent. Response
surface methodology (RSM) was used to optimise the preparation. The acidity, honey
concentration, and guar gum concentration were the independent variables. Meanwhile, the
zone of inhibitions on Staphylococcus aureus ATCC6538 and Escherichia coli ATCC8739
were the response variables. The optimal preparation was evaluated on its physicochemical
properties, viscosity, antibacterial efficacy, and stability. The antibacterial efficacy of the
optimal preparation was compared to the commercial antibacterial gel (MediHoney™,
Comvita). The optimal preparation was formulated at pH 3.5, honey concentration of 90%
(w/v), and guar gum concentration of 1.5% (w/v). The inhibition zones measured on S.
aureus ATCC6538 was 16.2 mm and E. coli ATCC8739 was 15.8 mm, respectively. The
optimal preparation showed good physicochemical properties and effective antibacterial
properties. However, the viscosity of the preparation was reduced by more than 50% during
the six months of the stability study. Guar gum is a potential polymeric agent in preparing

kelulut as topical preparation with effective
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INTRODUCTION

Honey has been successfully applied as a topical preparation in the treatment of wound
infection. Other than antibacterial properties, other additional characteristics of honey such
as non-irritant, non-toxic, self-sterile, nutritive, and easy application (Boukrad, 2014; Ismail,
2016) enhance its potential of being effectively utilised as a topical agent. Among various
types of honey, manuka is most commonly used as an agent to prevent bacterial infection.
Manuka, with its Unique Manuka Factor (UMF) of 10+ and above, is documented as the
medical-grade honey used in clinical application as an antibacterial agent (Tan et al., 2009).
In Malaysia, several types of honey are actively harvested, including tualang, kelulut,
and acacia. These types of honey were studied and found to possess potent antibacterial
properties, including bacteriostatic and bactericidal effects (Jalil et al., 2017; Tuksitha et al.,
2018; Yaacob et al., 2018). Interestingly, kelulut was revealed to have higher antibacterial
properties comparable to manuka honey for preventing the growth of common pathogenic
bacterial species, such as Pseudomonas aeruginosa (Mohd-Aspar & Edros, 2019). Although
described to possess potent antibacterial properties, the report of kelulut honey utilisation
as an agent to prevent bacterial infection is lacking.

Honey harvested from the tropical rainforest in Malaysia contained high moisture
content (exceeding 20%), causing it to be less viscous, diluted, and unsuitable to be directly
applied without improving its rheological properties. The honey could not remain on the
site of action for as long as necessary and maintain a concentration within an effective
range to promote bacteriostatic and bactericidal effects (El-Kased et al., 2017; Zhu et al.,
2019). In this study, the rheological properties of Malaysian honey have been improved
for the topical application using natural polymeric agents, i.e., guar gum.

The objective of this study was to evaluate the potential development of a topical
preparation from Malaysian kelulut honey with the employment of guar gum as the
polymeric agent. To maximise the effect on the prevention of bacterial growth, the
preparation was optimised by considering the most effective pH, honey concentration, and
polymeric agent concentration used. The optimisation was performed through response
surface methodology (RSM). The optimal preparation was evaluated on its physicochemical
properties, antibacterial efficacy, and stability to confirm its quality. As for antibacterial
efficacy, the commercially available antibacterial gel (MediHoney™) was used as a basis
for comparison.

MATERIALS AND METHODS
Honey Samples

Kelulut honey sample was obtained from a local apiarist and aseptically stored in sterile
bottles. The honey was harvested in March 2016 from the farm located at Guar Batu
Hitam, Kodiang, Kedah, Malaysia. Information on the collected honey was recorded in
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the Certificate of Analysis (CoA) obtained during the purchase of the honey, accredited by
the authorised institution, the Malaysian Agriculture Research and Development Institute
(MARDI). An additional assay using the RapidRaw™ method developed by the Malaysia
Genome Institute (MGI) to confirm the purity of the honey sample was included. The
honey was stored in sterile glass bottles for experimental work and kept away from direct
sunlight at room temperature in a dark plastic container.

Materials and Reagents

The guar gum was purchased from Sigma, USA. Sodium benzoate and triethanolamine
(TEA) were purchased from Bendosen, Malaysia.

Bacteria

The study had employed 8 standard strains and 14 clinically isolated strains of common
wound-infecting bacteria. The eight standard bacterial strains obtained from the American
Type Culture Collection (ATCC, USA) were kindly supplied by the Department of
Pathology and Laboratory Medicine, International Islamic University Malaysia Medical
Centre (ITUMMC) and Central Laboratory, Universiti Malaysia Pahang (UMP). The
strains included three Gram-positive bacteria, i.e., Staphylococcus aureus ATCC 6538,
Streptococcus pyogenes ATCC 19615, and Enterococcus faecalis ATCC 29212, and five
Gram-negative bacteria, i.e., Escherichia coli ATCC 8739, Pseudomonas aeruginosa
ATCC 9027, Salmonella typhimurium ATCC 14028, Proteus mirabilis ATCC 12453, and
Klebsiella pneumoniae ATCC BAA 1144. The 14 clinically isolated bacteria were primarily
obtained from the Department of Pathology and Laboratory Medicine, International Islamic
University Malaysia Medical Centre (IITUMMC). These included five Gram-positive
bacteria, i.e., S. aureus, Staphylococcus hominis, Staphylococcus haemolyticus, S. pyogenes,
and Streptococcus agalactiae and another nine Gram-negative bacteria, i.e., E. coli, P
aeruginosa, Salmonella sp., P. mirabilis, Proteus vulgaris, K. pneumoniae, Acinetobacter
baumannii, Enterococcus cloacae, and Enterococcus aerogenes. The bacteria were re-
cultured in nutrient or soy agar and incubated at 37°C for 24 h, known as primary culture.
The working bacterial culture was prepared by inoculating a loop of primary culture
into sterile screw-capped test tubes containing 10 mL of broth and incubated in a shaking
incubator for 24 h at 37°C and rotational speed of 150 rpm. The prepared working bacteria
cultures were adjusted to 0.5 McFarland standard, equivalent to 1.5 x 108 CFU/mL. They
were prepared based on optical density by diluting the working bacteria into the fresh
sterile broth and adjusted to be in the absorbance range of 0.08 to 0.13 (Franklin et al.,
2012). The absorbance of the prepared cultures was measured using Ultraviolet-Visible
Spectrophotometer UV-1800 (Shimadzu, Japan) at the reference wavelength of 600 nm.
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Preparation of the Antibacterial Topical Preparation

The preparation of kelulut honey was performed by dissolving the desired amount of
guar gum in sterile deionised water with continuous stirring for 1 h until the polymer was
completely soaked in water. This step was followed by the addition of 0.02% (w/v) sodium
benzoate (Bendosen, Malaysia) as a preservative in the preparation. The desired amount
of honey was added to the mixture with continuous stirring for another 30 min until the
honey was dissolved. The final volume of each preparation was set to 100 mL by adding
sterile deionised water. The preparation was kept in a sterile, wide-mouth glass container
covered with a lid and stored at 28°C for 24 h for complete swelling.

Optimisation of the Preparation

The preparation was set at its optimum antibacterial properties through the RSM. The
experimental domain is defined as the antibacterial properties of the preparation. The
three independent variables are acidity, honey concentrations (%, w/v), and guar gum
concentrations (%, w/v), designated as X, X,, and X, respectively. The inhibition zone
(mm) on S. aureus ATCC 6538 and E. coli ATCC 8739 were collected as the response
variables designated as Y, and Y,,respectively. S. aureus and E. coli were selected because
these species were commonly isolated from infected wounds and had various mechanisms
of resistance towards antibacterial agents (Brudzynski & Sjaarda, 2014; Peacock &
Paterson, 2015).

In each of the independent variables X;, X, and X;, the optimum parameters were
determined within the range set during the optimisation work. The details of the values set
during the optimisation process are tabulated in Table 1. The low and high levels were set
between pH of 3.5 and 6.5 for acidity (X)), 50% and 90% (w/v) for honey concentration
(X3), and 1.0% and 2.0% (w/v) for the guar gum concentration (X;), respectively. The axial
points were obtained based on the range defined for low and high levels which used to
obtain an efficient estimation of the quadratic model (Morshedi & Akbarian, 2014; Wang
etal., 2011).

Table 1
Actual values of the independent variables for the optimisation process
Low-level Low-level Centre point High-level High-level
Factor . . . . . .
axial point factorial factorial axial point
X,: pH 2.48 3.50 5.00 6.50 7.52
X,: Honey
concentration 36.36 50.00 75.00 90.00 103.64
(%, w/v)
X;: Guar gum
concentration 0.66 1.00 1.50 2.00 2.34
(%, w/v)
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In this study, the RSM based on central composite design (CCD) was used to optimise
the antibacterial properties of the preparation. According to the CCD, the total number of
experimental combinations is based on Equation 1 below (Anitha & Pandey, 2016; Shekar
etal., 2014):

2k + 2k +n, [1]

Where k is the number of independent variables and n, is the number of repetitions of the
experiments at the central points. In this study, three independent variables were involved
(k = 3) with five replicates at the centre points (n,= 5), leading to a total of nineteen runs.
The details of the 19 experimental runs are tabulated in Table 2.

The Design of Experts Software (DOE version, 7.1.3, STAT-EASE Inc., Minneapolis,
USA) was used for Analysis of Variance (ANOVA), regression, and graphical analyses of
the data obtained. The regression model, three-dimensional response graph, and desirability
function to get the optimum combinations of independent variables were plotted using the
same software. In ANOVA, the analysis included overall model significance, correlation
coefficient (R), and determination coefficient (R?) that measure the goodness of fit of the
regression model.

Table 2
Experimental design of the central composite design
Factor
Run X,: pH X,: Honey concentration (%, w/v) X;: Guar gum concentration (%, w/v)
1 3.50 50.00 1.00
2 6.50 50.00 1.00
3 3.50 90.00 1.00
4 6.50 90.00 1.00
5 3.50 50.00 2.00
6 6.50 50.00 2.00
7 3.50 90.00 2.00
8 6.50 90.00 2.00
9 2.48 70.00 1.50
10 7.52 70.00 1.50
11 5.00 36.36 1.50
12 5.00 103.64 1.50
13 5.00 70.00 0.66
14 5.00 70.00 2.34
15 5.00 70.00 1.50
16 5.00 70.00 1.50
17 5.00 70.00 1.50
18 5.00 70.00 1.50
19 5.00 70.00 1.50
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Measurement of Inhibition Zone

This assay was used during the optimisation process and after optimisation of the
preparation process. In this assay, soy agar was used to grow E. faecalis and S. pyogenes,
while nutrient agar was used to grow the remaining bacteria, i.e., S. aureus, E. coli, P.
aeruginosa, S. typhimurium, P. mirabilis, and K. pneumonia. The nutrient and soy agar
were prepared by dissolving 23 g and 40 g of agar powder to 1 L of distilled water and
later autoclaved at the pressure of 100 kPa and temperature of 121°C for 20 min. The agars
were allowed to cool down slightly and was poured into 90 mm x 15 mm (Brandon™,
Malaysia) Petri dishes.

The working bacterial culture, which was adjusted to 0.5 McFarland bacteria
concentration, was prepared. A volume of 100 uL of the adjusted 0.5 McFarland culture
was spread onto the agar using the pour plate technique. Upon inoculation, 6 mm diameter
wells were cut on the agar surface. The plate was divided into four quadrants, and a single
well was created in each quadrant to contain 80 pL of the preparation. The plates were
incubated at 37°C for 24 h. The inhibition zones diameters were measured in millimetres
(mm), based on the diameter of the circles formed around the tested well areas in which
the bacterial colonies did not grow. This diameter is inclusive of the 6 mm well diameter
that was used to occupy the tested preparation. Each test was carried out in triplicate, and
the average values were calculated.

Based on the inhibition zones measured, the sensitivity of bacteria towards the
preparation was categorised as not sensitive, sensitive, very sensitive, and extremely
sensitive, as previously described (Moussa et al., 2012). The not sensitive category was
denoted by the diameter of inhibition zone of lower than 8 mm, sensitive for the diameter
between 8 to 14 mm, very sensitive for the diameter between 15 to 19 mm, and extremely
sensitive for the diameter of 20 mm and above.

Evaluation of the Optimal Preparation

The optimal preparation resulting from the optimisation process was evaluated in terms of
physicochemical properties, antibacterial efficacy, and stability. This is essential to decide
on adequate and reliable preparation.

Physicochemical Properties

The physicochemical properties of the optimal preparation were evaluated in terms of
physical appearance, colour, homogeneity, grittiness, lump formation, viscosity, and pH.
The viscosity was measured using Viscometer VL210001 (Fungilab, Spain), spindle
number RS, at 100 rotations per min. Meanwhile, the pH was measured using the pH meter
SevenCompact™ (Mettler Toledo, USA).
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Centrifugation Test

The centrifugation test was performed using a refrigerated centrifuge 5810R (Eppendorf,
Germany), as previously described by Dantas et al. (2016). It was performed by adding
10 g of the preparation in a tapered test tube and was subjected to a cycle of 151g for 30
min at 25°C.

Antibacterial Efficacy

The antibacterial efficacy of the optimal preparation was evaluated for its inhibition effect
and bactericidal effect. For both evaluations, the experiments were performed on 22
bacterial species, including 8 standard strains and 14 clinical strains, as previously listed.

Measurement of Inhibition Zone. Prior to investigating the potency to inhibit bacterial
growth, a study was conducted to measure the inhibition zone of bacterial strains when
exposed to the preparation. This was performed qualitatively using the agar well diffusion
assay, as previously described, to gain an understanding of the sensitivity of bacteria
towards the preparation (Moussa et al., 2012; Sherlock et al., 2010). The diameters of the
inhibition zone were measured in mm, including the diameter of the well created. Each
test was carried out in triplicate, and the average values were calculated. The commercially
available topical preparation formulated using manuka honey (MediHoney™) was used
as the basis of comparison.

Bactericidal Effect. The bactericidal effect of the optimal preparation was determined using
a tube dilution method, which was adapted from a previous antibacterial study (Shagana
& Geetha, 2017). An equal volume of 0.5 mL of the preparation was mixed with 0.5 mL
of freshly prepared broth in a screw cap tube (Jain et al., 2016; Shagana & Geetha, 2017).
Then, a loopful of the test organism adjusted to 0.5 McFarland was transferred into the
tube (Dewanjee et al., 2008). A tube containing 1 mL of broth and seeded with the test
organism was used as a control. The prepared tubes were then incubated in the incubator
shaker at 37°C and a rotational speed of 150 rpm for 24 h. After overnight incubation, a
loopful suspension was suspended and inoculated onto freshly prepared Trypticase Soy
Agar (TSA) using the streak plate method. Then, the plate was incubated for another 24
h in 37°C before being observed for bacterial growth. A plate with no visible bacterial
growth (indicated by the formation of the bacterial colony) was considered to possess
a bactericidal effect. In contrast, the plate with visible bacterial colony formation was
considered to have no bactericidal effect.
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Stability Study

Evaluation of the stability of the optimal preparation was adapted from previous studies
(Chen et al., 2016; Dantas et al., 2016; Majumdar et al., 2018) with slight modification.
The preparation was kept in glass containers and stored for long-term and accelerated
conditions, i.e., at 25°C & 2/60% + 5 relative humidity (RH) and 40°C + 2/75% + 5 RH,
respectively, for 6 months and evaluated at 0, 1, 2, 3, and 6 months. The storage conditions
were set according to the International Council of Harmonisation of Technical Requirement
for Pharmaceuticals for Human Use (ICH) guideline (World Health Organisation, 2018).
The evaluations were observed based on the colour, pH, homogeneity, viscosity, and
antibacterial efficacy, which were conducted similar to the procedures described in the
previous sections. In the measurement of the inhibition zone and bactericidal effect, three
Gram-positive strains, i.e., S. aureus ATCC 6538, E. faecalis ATCC, and S. pyogenes; and
three Gram-negative strains, i.e., E. coli ATCC 8739, K. pneumonia, and E. aerogenes
were considered.

RESULTS AND DISCUSSION
Optimisation of the Antibacterial Topical Preparation

A total of 19 runs were generated from RSM with different combination levels of pH, the
concentration of honey, and the concentration of guar gum. The observed responses from
each run are tabulated in Table 3.

Based on the findings, the inhibition zones measured ranged from 7.8 £ 0.00 mm to
14.6 £ 0.58 mm on S. aureus and 8.0 + 0.58 mm to 14.5 £ 0.50 mm on E. coli. The largest
zones of inhibition of 14.6 = 0.58 mm and 14.5 £ 0.50 mm were measured on S. aureus
and E. coli, respectively, in run number 9. In contrast, the smallest zones of inhibition of
7.8 £ 0.29 mm and 8.0 + 0.58 mm were measured on S. aureus and E. coli, respectively,
in run number 4.

The relationship between independent and response variables was determined through
the application of multiple regression analysis on the experimental data to generate a
second-order polynomial model. The generated models were described as Equation 2 and
Equation 3 representing the analysis of data for S. aureus and E. coli, respectively.

Y; =9.13 — 2.09X; + 0.51X, + 0.12X5 — 0.11X; X, + 0.34X; X5 +
0.31X,X5 + 0.76 X7 + 0.14X + 0.07 X3 2]

Y, = 8.97 — 1.98X; + 0.48X, — 0.023X5 — 0.57X, X, + 0.25X, X3 +
0.20X, X3+ 0.96X7 + 0.17X3 + 0.15X3 [3]
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The effect of pH (X;)is more prominent in both equations compared to the concentration
of honey (X,)and guar gum concentration (X;) This is due to the coefficient of X with the
value of 2.09, which is 4-fold and 17-fold higher than the coefficient of X, and X;, with
values of 0.51 and 0.12 for Equation 2. This also applies to Equation 3 with a value of
1.98 for X|, which is 4-fold and 86-fold higher compared to X, and X;, with values of 0.48
and 0.023, respectively.

The significant impact of each term in the second-order polynomial equation was
evaluated through ANOVA, and the results are tabulated in Table 4. The degree of
significance for every term in the equation, including linear (X, X;, X3), quadratic (X%,
X2, X3%), and combination (X,.X,, X, X; and X,X;) were analysed at 95% confident interval
(P-value < 0.05) ( Ammer et al., 2016; Madiha et al., 2017).

Among the linear terms, the effects of pH (X;) and honey concentration (X;) on the
inhibition zones were highly significant, as shown by their respective P-values, with Py,
<0.0001 and Py, = 0.0051 for S. aureus, and Py, <0.0001 and Py,= 0.0067 for E. coli. In
contrast, guar gum concentration (X3) had an insignificant effect on the inhibition zones

Table 3
Responses for the experimental runs

Run Factor Response of inhibition zone (mm)
X, X5 X S. aureus (Y)) E. coli (Y>)

1 3.50 50.00 1.00 12.7£0.58 12.3 £1.04
2 6.50 50.00 1.00 7.8 £0.29 8.5 +0.58
3 3.50 90.00 1.00 12.8 £0.76 13.7 +£0.00
4 6.50 90.00 1.00 7.8 £0.29 8.0 £0.58
5 3.50 50.00 2.00 11.0 £0.50 10.7 +£0.58
6 6.50 50.00 2.00 7.8 £0.00 8.3 +0.58
7 3.50 90.00 2.00 12.7£0.58 13.3 +£0.29
8 6.50 90.00 2.00 8.7 £0.58 8.24+0.29
9 2.48 70.00 1.50 14.6 £0.58 14.5 +0.50
10 7.52 70.00 1.50 7.8 +£0.00 8.5 +0.58
11 5.00 36.36 1.50 8.2 +0.76 8.3 +0.29
12 5.00 103.64 1.50 10.7 +£0.58 10.2 +£0.58
13 5.00 70.00 0.66 8.5 +0.58 8.7 +0.58
14 5.00 70.00 2.34 10.0 +£0.00 9.7 £0.50
15 5.00 70.00 1.50 8.7 £0.58 8.5 +0.58
16 5.00 70.00 1.50 9.7 +£0.58 9.0 £0.00
17 5.00 70.00 1.50 9.3 +0.58 9.3 +£0.58
18 5.00 70.00 1.50 9.0 +£0.00 8.8 +1.04
19 5.00 70.00 1.50 9.0 £1.00 9.3 +£0.58

The symbol =+ represents the standard deviation, which was calculated between three biological replicates.
Student’s t-test shows significant differences for the data collected (P-value < 0.05)
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Table 4
Analysis of variance (ANOVA) of the quadratic model
Factors Inhibition zone on S. aureus Inhibition zone on E. coli
P-value Model term P-value Model term

X <0.0001 Significant <0.0001 Significant
X, 0.0051 Significant 0.0067 Significant
X 0.4100 Not Significant 0.8696 Not Significant
XX 0.5468 Not Significant 0.0110 Not Significant
XX 0.0931 Not Significant 0.1989 Not Significant
XX, 0.1160 Not Significant 0.2961 Not Significant
X2 0.0004 Significant <0.0001 Significant
X’ 0.3332 Not Significant 0.2598 Not Significant
X3’ 0.6233 Not Significant 0.3105 Not Significant
Model <0.0001 Significant <0.0001 Significant
Lack of fit 0.2028 Not significant 0.1413 Not significant

Significant at 5% level (P-value < 0.05)

for both S. aureus and E. coli, with Py;= 0.4100 and Py;= 0.8696, respectively. As for
quadratic terms, only X;*>was significant for both S. aureus and E. coli, with Py,*>= 0.0004
for S. aureus and Py,2< 0.0001 for E. coli. Meanwhile, X;? and X;* were insignificant with
P?=0.3332 and Py;*>=0.6233 for S. aureus, and Py,>=0.2598 and Py;*=0.3105 for E. coli.
Meanwhile, none of the combination terms had a significant effect on the inhibition zones.
The results suggest that pH and honey concentrations have a significant relationship with
the inhibition zones, as a small variation in the values considerably altered the inhibition
zone for both S. aureus and E. coli. The results are in agreement with previous studies in
which pH and honey concentration influenced antibacterial properties of honey (Johnston
et al., 2018; Kateel et al., 2018).

According to Table 4, results of the ANOVA demonstrated that the model was highly
significant, with P-value <0.0001 for both S. aureus and E. coli, indicating that the polynomial
models, as expressed by Equation 2 and Equation 3, provide a reliable description of the
responses. In addition, the ANOVA also showed a statistically insignificant lack of fit with
P-value=0.2028 and 0.1413 for S. aureus and E. coli, respectively, indicating an adequate
prediction of responses by the model (Wang et al., 2011).

The coefficients of determination R? = 0.9691 and 0.9689, as described in Table 5,
imply that the zone of inhibition is attributed to the given independent variables. The
R? values indicate that 97% of the total variation is explained by the model, and the
remaining 3% of unexplained conditions is contributed by unknown factors. The adjusted
determination coefficients (adjusted R? = 0.9697 and 0.9689) are also high, indicating
good accuracy and ability of the polynomial model to predict the response trend. It can be
concluded that the second-order polynomial models are adequate to describe the inhibition
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Table 5
Coefficient of correlation (R) and coefficient of determination (R?) of the quadratic model
Inhibition zone on S. aureus Inhibition zone on E. coli
R? 0.9691 0.9689
Adjusted R? 0.9383 0.9379

zone with the response to pH, honey concentration, and guar gum concentration as the
independent variables.

Response Surface Analysis

The interaction between independent variables; X\.X,, X\.X;, and X,X;, as indicated in
Equation 2 and Equation 3, can be visualised using 3D response surface and 2D contour
plots, as shown in Figure 1 for S. aureus ATCC 6538 and Figure 2 for E. coli ATCC
8739. These plots are important to illustrate the effects of independent variables and their
interactions on the response variables.

Figure 1 (a) and Figure 2 (a) show the 3D plots and their corresponding contour plots,
showing the effect of pH (X;) and honey concentration (X,) on the inhibition zones of S.
aureus and E. coli, while the concentration of guar gum (X;) was fixed at its middle level,
which was 1.5% (w/v). At pH between 3.5 and 6.5, the concentration of honey was directly
proportional to the inhibition zone for both S. aureus and E. coli regardless of the pH level.
In contrast, the pH was inversely proportional to the inhibition zone at any concentration of
honey between 50% and 90% (w/v). The analysis of Figure 1 (a) and Figure 2 (a) showed
that the optimal pH was at the lowest pH, i.e., at 3.5 and the honey concentration was at
90% (w/v) due to the largest inhibition zone estimated at these conditions. The finding is
congruent with a study that reported the effectiveness of acidity in preventing bacterial
growth (El-Kased et al., 2017). The reason for larger inhibition zones at strong acidic
pH compared to neutral pH could be due to the unbefitting bacterial growth condition,
which required pH between 6.6 to 7.0 (Jones et al., 2015). Furthermore, the antimicrobial
properties of compounds such as flavonoids and phenolic acids available in kelulut honey
were reported to increase at lower pH (Sanchez-Maldonado et al., 2011). As for the
concentration of honey, the increased diameter of the inhibition zone with an increased
concentration of honey can be explained by the increase in antibacterial compounds, such
as phenolic acids and flavonoids, which increased as the concentration of honey increased
(Bakar et al., 2017; Tuksitha et al., 2018). In addition, the degree of sugar content naturally
present in kelulut honey will also lead to a potential increase in osmotic pressure to inhibit
the growth of bacteria (Dluya, 2016). These findings are similar to the previous study that
found a higher inhibition zone in response to increments of honey concentration used in
honey-based preparations (El-Kased et al., 2017).
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Figure 1 (b) and Figure 2 (b) depict the 3D plots and their corresponding contour

plots showing the effects of pH (X,) and guar gum concentration (X;) on inhibition zones

of S. aureus and E. coli, while the honey concentration was fixed at its middle level, i.e.,

at 70% (w/v). There was a lack of interaction between pH and guar gum concentration on

the zones of inhibition. As the preparations were formulated with guar gum concentration
between 1.0% and 2.0% (w/v), the zones of inhibition remained unchanged for both
S. aureus and E. coli, regardless of the variation in pH level. Similarly, as the pH was
increased from 3.5 to 6.5, the inhibition was decreased without being affected by guar
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Figure 1. Response surface plot showing the effect
of pH (X)), honey concentration (X,), and guar gum
concentration (X;) on inhibition zones against S. aureus
ATCC 6538 (1)). (a) X,.)X;, (b) X,\.X;, and (c) XoX;
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Figure 2. Response surface plot showing the effect
of pH (X)), honey concentration (X;), and guar gum
concentration (X3) on inhibition zones against E. coli
ATCC 8739 (1)). (a) X,.X;, (b) X\.X;, and (¢) XoX;

Pertanika J. Sci. & Technol. 29 (1): 565 - 592 (2021)



Antibacterial Topical Preparation from Malaysian Kelulut Honey

Figure 3. Formation of inhibition zone on: (a) S. aureus ATCC 6538; and (b) E. coli ATCC 8739 (right) in
response to optimal preparation prepared using guar gum as polymeric agent

gum concentration. This indicates that the pH and guar gum concentration did not show
any interaction affecting the zone of inhibition. The analysis of Figure 1 (b) and Figure 2
(b) revealed that there was no optimal concentration of guar gum in the inhibition zones
of S. aureus and E. coli. The insignificant effect could be due to the use of a narrow range
of guar gum concentration between 1% and 2%. Although the range has been reported to
significantly affect the rheological properties of the preparation (Mulye et al., 2014), it
does not significantly affect the zone of inhibition.

Figure 1 (c) and Figure 2 (c) present 3D plots and their corresponding contour plots
showing the effect of honey concentration (X;) and guar gum concentration (X3) on the
inhibition zones of S. aureus and E. coli, while the pH was fixed at its middle level, i.e., 5.0.
Based on the results obtained, honey concentration is directly proportional to the inhibition
zones of both S. aureus and E. coli regardless on the variation of guar gum concentrations
between 1.0% and 2.0% (w/v). As for the guar gum concentration, the inhibition zones
were consistent at any tested concentrations between 1.0% and 2.0% (w/v) regardless of
the concentration of honey used. Thus, it can be concluded that there is a lack of interaction
between the concentration of honey and guar gum in response to the inhibition zone.

According to the analysis, the inhibition zones of 12.7 mm for S. aureus and 13.1
mm for E. coli were predicted for the optimal preparation with pH of 3.5, the honey
concentration of 90% (w/v), and guar gum concentration of 1.5% (w/v). The experiments
were performed to verify the results, and the observed responses are tabulated in Table
6. Based on the conducted experiment, the inhibition zones obtained are 12.5 mm for S.
aureus and 13.5 mm for E. coli, respectively (Figure 3). The results were congruent to the
model’s prediction, with the percentage of difference of 1.6% for S. aureus and 3.1% for E.
coli, respectively. The findings confirmed the reliability of the models developed to predict
the responses with less than 10% variation (Madiha et al., 2017; Shahzad et al., 2012).
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Table 6
Summary of the predicted and observed responses for the optimal preparation
Factor Optimal value
pH 3.5
Honey concentration (%, w/v) 90
Guar gum concentration (%, w/v) 1.5
Response Predicted Observed Residual Prediction error (%)
Inhibition zone on S. aureus (mm) 12.7 12.5 +0.2 1.6
Inhibition zone on E. coli (mm) 13.1 13.5 +0.4 3.1

Evaluations of the Optimal Preparation

The physicochemical properties of the optimal preparations were evaluated in terms of
physical appearance, homogeneity, colour, grittiness, lump formation, pH, viscosity, and
centrifugation test. The results are tabulated in Table 7.

Table 7

Physicochemical properties of the optimal preparation
Formulation Guar gum
Physical appearance Opaque
Homogeneity Homogeneous
Colour Dark brown
Grittiness No
Lump formation No
pH 3.53+0.70
Viscosity at 100rpm (cps) 2470 + 120.1
Centrifugation Test No phase separation observed

The symbol + represents the standard deviation which was calculated between three biological replicates.

The preparation resulted in opaque, homogeneous, and dark brown colour, as shown
in Figure 4. No grittiness and formation of the lump were observed in the preparation. The
pH of the preparation was recorded at 3.53 + 0.70. The pH recorded can be considered
suitable for topical preparation, as the pH ranging between 2.8 and 7.4 was acceptable for
therapeutic effect with non-irritant effect on human skin (Dantas et al., 2016; Panther &
Jacob, 2015).

The viscosity of the preparation was measured at 2470 + 120.1 cps. The viscosity
was within the range that was sufficient for good spreadability and clarity. The viscosity
appropriate for topical preparation was recorded between 512 and 15000 cps (Chen et al.,
2016; Pande et al., 2014; Singh et al., 2013).
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Figure 4. Physical appearance of (a) (b)
the optimal preparations prepared  Figure 5. Appearance of the preparations: (a) before; and (b) after
using guar gum centrifugation test

The centrifugation test was also conducted to evaluate the gravitational effect on the
preparation. This is essential to analyse the adequate quality and stability of the preparation
(Dimeski et al., 2011; Iradhati & Jufri, 2017). Based on the results obtained, no noticeable
instability was observed on the optimal preparation upon spinning at 151g for 30 min at
25°C. The preparation remained intact without phase separation, indicating adequate and
stable formulation (Figure 5).

Antibacterial Efficacy

The antibacterial efficacy of the optimal preparation was evaluated through the measurement
of the inhibition zone and formation of a bacterial colony to indicate the presence of
bacteriostatic and bactericidal of the preparation.

Measurement of Inhibition Zone. The results for the inhibition zone measurements are
shown in Figure 6 (a) for Gram-positive, and Figure 6 (b) for Gram-negative bacteria. The
range of inhibition zone measured for the optimal preparation was between 8.8 +(0.76 mm
and 14.7 £ 0.58 mm, indicating that the bacteria reacted as sensitive towards the preparation.
The lowest inhibition zone was measured on P. aeruginosa ATCC 27853, while the largest
inhibition zone was measured on S. haemolyticus.

In the commercially available preparation using manuka, the inhibition zone was
measured in the range between 8.7 + 0.58 mm and 16.7 + 0.58 mm, with the smallest
inhibition zone measured on K. pneumonia, while the largest on S. agalactiae, respectively.
Based on the range of inhibition zones measured, the tested bacteria reacted between
sensitive to very sensitive towards the manuka preparation.
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In comparison with the guar gum preparation, none of the inhibition zones measured
negative bacteria, out of 14 species, the preparation using guar gum showed the inhibition
zone of 9.0 £ 0.00 mm and 12.7 £ 0.58 mm on K. pneumonia ATCC BAA 1144 and E.

was larger than the manuka preparation for Gram-positive bacteria. Whereas for Gram-
cloacae, which were 1.03 and 1.09-fold larger compared to manuka, with the inhibition
zones of 8.7 £ 0.58 mm and 11.7 £ 0.58 mm, respectively. The remaining 12 species of
Gram-negative bacteria were inhibited with larger inhibition zones by manuka preparation.

(b)

Figure 6. The inhibition zone measured by the preparations tested against the standard laboratory and clinical
Pertanika J. Sci. & Technol. 29 (1): 565 - 592 (2021)

from three biological replicates. One sample t-test represent significant differences between the mean of the

isolated bacteria of: (a) Gram-positive; and (b) Gram-negative. Error bars symbolise the errors calculated
sampled population and the hypothesised population mean (P-value < 0.05)
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Bactericidal Effect. An attempt was made to investigate the ability of the preparation to
kill bacteria through the formation of a bacterial colony. The results are tabulated in Table
8 for Gram-positive, and Table 9 for Gram-negative, respectively.

In the 22 tested bacteria, no formation of the bacterial colony was observed on the
surface of agar for guar gum preparation after 24 h of incubation, indicating the presence of
bactericidal effect (Dewanjee et al., 2008; Shagana & Geetha, 2017). Figure 7 and Figure
8 show the absence of bacterial colony on the surface of agar tested on Gram-positive (S.

Table 8
The results on formation of bacterial colony for Gram-positive

Formation of bacterial colony

Guar gum Manuka Control (broth only)
Standard strain
S. aureus ATCC6538 No No Yes
S. pyogenes ATCC19615 No No Yes
E. faecalis ATCC29212 No Yes Yes
Clinical isolated strain
S. aureus No No Yes
S. hominis No No Yes
S. pyogenes No No Yes
S. agalactiae No No Yes
S. haemolyticus No No Yes
Table 9

The results on formation of bacterial colony for Gram-negative bacteria

Formation of bacterial colony

Guar gum Manuka Control (broth only)
Standard strain

E. coli ATCC 8739 No No Yes
S. typhimurium ATCC14028 No No Yes
K. pneumonia ATCCBAA1144 No No Yes
P. aeruginosa ATCC27853 No No Yes
P. mirabilis ATCC12453 No No Yes

Clinical isolated strain
E. coli No No Yes
Salmonella sp. No No Yes
K. pneumonia No No Yes
P, aeruginosa No No Yes
E. clocae No No Yes
E. aerogenes No No Yes
P, vulgaris No No Yes
P. mirabilis No No Yes
A. baumannii No No Yes
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aureus, E. faecalis ATCC 29212, S. hominis, and S. haemolyticus) and Gram-negative
(E. coli, P. aeruginosa, Salmonella sp., and K. pneumonia) bacteria, respectively. Similar
results were demonstrated by the preparation of manuka, except on E. faecalis ATCC

Guar gum

A

anuka hydrogel

Guar gum

e

N Guar gum Manuka hydrogel Nutrient broth (control)

(d)

Figure 7. The results on formation of bacterial colony on the surface of agar for Gram-positive bacteria: (a)

S. aureus; (b) E. faecalis ATCC 29212; (c) S. hominis; and (d) S. haemolyticus.
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29212, where the formation of bacterial colonies was observed. The ability of E. faecalis
to survive could be due to the development of a resistant mechanism, such as biofilm
formation to combat the effectiveness of antibacterial agent (Gopinath & Prakash, 2013).

Guar gum Manuka hydrogel Nutrient broth (control)

Guar gum

§ Guar gum ¥ Manuka hydrogel Nutrient broth (control)

(d)
Figure 8. The results on formation of bacterial colony on the surface of agar for Gram-negative bacteria: (a)
E. coli; (b) P. aeruginosa; (¢) Salmonella sp.; and (d) K. pneumonia
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The outcome was similar to those obtained from a previous study (Mohd-Aspar & Edros,
2019), which reported the highest concentration of manuka honey at 25% (w/v) required
to kill E. faecalis compared to other bacterial species. In the control sample, where the
bacteria were cultured in broth alone, the formation of bacteria colonies was observed for
all 22 bacteria, indicating the absence of a bactericidal effect.

In many types of acute and chronic wounds, S. aureus and P. aeruginosa are usually
isolated from infected wounds (Negut et al., 2018; Serra et al., 2015). These bacteria often
cause biofilm development and chronic infections that may suppress immune activities
and promote the development of antibiotic-resistant strains (Serra et al., 2015). Similar to
S. aureus and P. aeruginosa, other wound-associated bacteria such as E. coli, S. pyogenes,
E. faecalis, and P. mirabilis can also develop biofilms, antimicrobial inactivating enzymes,
and other resistance mechanisms to eliminate the antibacterial action (Kim et al., 2018; Lu
etal., 2014). In this study, 22 wound-associated bacteria, which include standard laboratory
and clinical strains isolated from infected wounds, have been tested and were found to be
susceptible to the preparation. This was proven by the formation of inhibition zone and
the presence of bactericidal effect for both preparations against the tested bacteria. The
results indicate that guar gum was effective in conveying the kelulut honey as a topical
preparation without compromising its antibacterial properties.

Stability Study. The stability study was conducted by keeping the preparation at an
extended period (25°C £ 2/60% = 5 RH) and accelerated storage (40°C + 2/75% + 5 RH)
conditions for six months. The physicochemical properties, i.e., colour, homogeneity, pH,
and viscosity, and antibacterial efficacy (inhibition zone and formation of the bacterial
colony) of the preparation was determined at 0, 1, 2, 3, and 6 months.

Physicochemical Properties. The results for the physicochemical properties of the
preparation are shown in Table 10 for colour, homogeneity, and pH, and Figure 9 for
viscosity, respectively. According to the results obtained, the colour, homogeneity, and pH
of the preparation after six months of storage remained unchanged. The pH of the guar
gum preparation was measured to be in the range between 3.41 £ 0.10 and 3.53 = 0.10.
The difference between the lowest and highest pH levels was 4%. The ability to maintain
the fundamental physicochemical properties indicates adequate and reliable preparation
(Chen et al., 2016).

The viscosity of the guar gum preparation was inversely proportional with time.
The highest viscosity of 2470 £ 174.4 cps for the long-term and 2533 + 285.0 cps for
the accelerated storage were measured at 0 months, respectively. After six months of
storage, the lowest viscosity of 1247 £+ 130.5 cps for the long-term and 800 + 200.0 cps
for the accelerated storage were recorded, respectively. The variation in viscosity between
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Table 10
The results for colour, homogeneity, and pH during six months stability test of the preparation
Long term - 25°C +2/60% RH + 5 Accelerated - 40°C +2/75% RH + 5
Months Months
0 1 2 3 6 0 1 2 3 6
Color Dark brown Dark brown
Homogeneity Homogeneous Homogeneous

3.53 3.51 3.52 3.47 3.43 3.47 3.45 3.43 3.45 3.41

pH +0.06 +0.06 +0.07 +0.06 +0.04 +0.17 =+0.10 +0.08 +0.09 +0.10

The symbol + represents the standard deviation which calculated between three biological replicates. Student’s
t-test shown significant differences for the pH-value measured.

3000
[ Long term - 25°C + 2 /60% + 5 RH

Accelerated - 40°C £ 2 /75% = 5 RH

2500 A

2000 A

1500 ~

Viscosity/cps

1000 A

500 A

Reading

Figure 9. Viscosity of the preparation during the six-month of stability study after been stored at long term
(25°C £ 2 /60% = 5 RH) and accelerated (40°C + 2/75% + 5 RH) storing conditions. Error bars symbolise
the errors calculated from three biological replicates. Student’s t-test shown significant differences for the
data collected

measurements at 0 month and sixth month was 50% for the long-term and 68% for the
accelerated storage.

A continuous reduction in viscosity within the six months of stability study, as
demonstrated by the guar gum preparation, indicate an unstable preparation. This could be
due to incomplete dispersal or solubility of guar gum to form a stable structure that resulted
from the limited amount of water (Hemendrasinh & Dhruti, 2015) due to the reaction of
guar gum molecules that compete with sugar for water availability (Mudgil et al., 2014).
The temperature is another factor that affects the stability of the guar gum solution. The
prolonged heat of guar gum solution may result in thermal degradation that leads to unstable
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solubilisation of the guar gum (Mudgil et al., 2014; Yagoub & Nur, 2013). In this study, as
the guar gum preparation was stored in extreme storage, the viscosity of the preparation was
reduced, indicating an unstable preparation. The outcome is in congruent with the previous
study that reported an unstable viscosity of guar gum preparation at high temperature
(Yagoub & Nur, 2013). Storage at the ambient temperature (25°C) is considered sufficient
for maintaining the viscosity of the guar gum preparation over long-term.

Antibacterial Efficacy. The antibacterial efficacy of the preparation within the six months
of stability study was evaluated through the measurement of inhibition zone and formation
of a bacterial colony. The measurement of the inhibition zone on Gram-positive and Gram-
negative bacteria are shown in Figure 10 (a) and Figure 10 (b), respectively. Meanwhile,
the results for the formation of the bacterial colony are tabulated in Table 11.

The inhibition zone measured for guar gum preparation ranged from 9.0 £ 0.00 mm to
12.8 £ 1.30 mm. The zone of inhibition showed an average variation of 7.8% between the
initial and final measurements within the six-month stability study. As for the formation of
a bacterial colony, the preparation remained valid to prevent the formation of the bacterial
colony within the six months of the stability study. Based on the outcomes obtained from
both evaluations, the efficacy of the preparation remained effective without a deficiency,
indicating a stable and reliable preparation capable of maintaining its antibacterial properties
over time (Irish et al., 2011).

The synergistic interaction is considered positive if the therapeutic effect initially
present in the preparation remains uninterrupted. The results indicated that the preparation
prepared in this study is capable of retaining the antibacterial properties, as proven by the
identical inhibition zone and bactericidal effect. The uninterrupted antibacterial properties
could be explained by the stable polymeric agent to maintain the crosslinking network
and uniformed dispersion of honey across the preparation (Sharma et al., 2015; Zhu et
al., 2019). In addition, the interactions between the charges of the polymeric agent, i.e.,

Table 11
Bactericidal effect for the six-month of stability study for the optimal preparation
Long-term Accelerated
25°C+2/60%+ 5 RH 40°C +2/75% + 5 RH
Months Months
0 1 2 3 6 0 1 2 3 6

S. aureus Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
E. faecalis ATCC 29212 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
S. pyogenes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
E. coli Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
K. pneumoniae Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
E. aerogenes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
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and (b) accelerated — 40°C + 2/75% + 5 RH storage conditions.
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Figure 10. Measurement of inhibition zone for the optimal preparation using guar gum after stored in: (a)
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guar gum loaded with honey and the charges on the surface of the bacterial membrane
formed a contact (Kaith et al., 2015) that allow the compounds such as phenolic acids and
flavonoids to promote cell disruption and lysis to kill the bacteria (Henriques et al., 2010;
Henriques et al., 2011). A similar finding with the positive synergistic effect of honey in
preparation that led to more than 95% of drug release was demonstrated by the previous
study (El-Kased et al., 2017).

CONCLUSION

The use of guar gum as a polymeric agent was appropriate for the preparation of kelulut
honey as a topical preparation. The optimal preparation was finalised at pH 3.5, honey
concentration of 90% (w/v), and guar gum concentration of 1.5% (w/v). The optimal
preparation demonstrated reliable physicochemical properties, and most importantly, the
potent antibacterial properties, including both bacteriostatic and bactericidal effects were
retained on the 22 bacteria species after the honey was converted to a topical preparation.
However, within the six months of stability study, the viscosity of the preparation was
reduced to more than 50% between the initial (0 month) and final (6 months) measurements.
Consideration of the addition of stabilising or preservative agent is recommended to
overcome the reduction of viscosity over time.
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