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Abstract: The in vitro study revealed the ethyl acetate and methanol leaf extracts from both Acacia species
had shown inhibition against Xanthomonas oryzae pv. oryzae (Xo00). Acacia auriculiformis ethyl acetate
(AAEA) and A. mangium methanol (AMMH) leaf extract at concentration 200 mg/mL showed the largest
diameters of inhibition zone (DIZ) produced that were 33.33 and 25.78 mm compared to other concentrations
used. Bacteriostatic study showed that the minimum concentration required by AAEA to inhibit Xoo was 3.13
mg/mL while 1.56 mg/mL was required by AMMH. Bactericidal activity showed that the minimum
concentrations required to kill Xoo were 6.25 and 12.5 mg/mL, respectively for AAEA and AMMH. The
minimum inhibitory concentration (MIC) index suggests that AAEA leaf extract possesses bactericidal effect
while AMMH leaf extract possesses bacteriostatic effect on Xoo. Ultrastructural studies on the effect of AAEA
and AMMH leaf extract on Xoo cells revealed that both Acacia leaf extracts altered the normal cell of Xoo by
causing lysis, loss of rigidity, malformation, and death. The study on active chemical contents for both Acacia
leaf extracts by GC-MS revealed the presence of mostly terpenes esters, alcohols and other volatile organic
compounds.
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. Introduction

Acacia species are robust pioneer plants and consisted of 1250 species which are mainly shrubs and
trees. Approximately, 700 of Acacia species are identified as an indigenous species in Australia, 170 species in
Africa and 18 other species are widespread while the remaining are more localized [1]. In Malaysia, two species
of Acacia namely Acacia auriculiformis and A. mangium are recorded and introduced by Sabah Softwoods
Berhad for its pulps and timbers to substitute the Pinus caribaea for pulp industry. However, both species are
now found to grow wildly by the roadside and idle lands. Acacia has been reported rich with valuable
antimicrobial properties against a wide range of pathogens, especially towards clinical pathogens. Various parts
of Acacia were extracted using various solvents with different polarities and tested against various pathogens
like fungi, bacteria, nematodes, and viruses.

Acacia is rich with phytochemicals contents like cardiac glycosides, cylitols, amines, alkaloids, fatty
acids, terpenes, flavonoids, saponins, hydrolysable and condensed tannins, non-protein amino acids,
fluoroacetate, and phytosterols [2]. On the other hand, certain phytochemicals are found less in mimosoid
legumes and the compounds are glucosinolates, naphtoquinones, coumarins, anthraquinones, liginans,
acetylenes, stilbenes, and atypical fatty acids. Acacia auriculiformis was demonstrated to have galactose,
methylglucuronic acid, arabinose, rhamnose, and glucuronic acids. These compounds have been reported to
possess CNS activities such as spermicidal and filaricidal activities due to the presence of triterpenoid, saponins,
and tannins [3]. The pharmacological properties of A. auriculiformis have been investigated and proven to
possess antifilarial, antihelmintic, and microbicidal activities [4]. Meanwhile, A. mangium has been reported to
have flavonoid compounds such as 3,4’,7,8-tetrahydroxyflavanone and 4’,7,8-trihydroxyfavanone, and that
these compounds exhibited antifungal activities against wood rotting fungi [5]. However, the antimicrobial
properties of both species against rice pathogens have never been discovered. The present study was conducted
to further explore the new potential of Acacia to be employed in plant disease control program.

Bacterial leaf blight caused by Xanthomonas oryzae pv. oryzae (Xoo) is the most important and
destructive bacterial disease of rice worldwide. It causes severe damage to rice production up to 50-70% during
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serious infection. Although various disease controls have been introduced, no effective disease control could be
claimed as a sole solution for controlling this pathogen until now. Nevertheless, synthetic chemicals and
antibiotics are the most popular controlling measures applied on the field to overcome the disease infection.
Many reports have shown that environment and human health fare badly and these are partly due to the use of
synthetic chemicals. In addition, their use has been restricted due to their carcinogenicity, teratogenicity, high
and acute residual toxicity, long degradation period, environmental pollution, and possible side effects on
human health through food chain [6][7][8]. Therefore, the aims of this study were to conduct a phytochemical
profiling and determine the antibacterial potency of Acacia species using leaf extracts against Xoo.

Il.  Materials And Methods
2.1 Pure Culture
Pure culture Xoo used in this study was obtained from the bacteriology laboratory, Department of Plant
Protection, Universiti Putra Malaysia (UPM), Malaysia. This culture was previously isolated from the infected
rice with typical symptoms of bacterial leaf blight disease at Kuala Selangor, Malaysia.

2.2 Extraction of Acacia leaves

The leaves of A. auriculiformis and A. mangium were collected from the UPM Equine Centre. The
fresh leaves were cut into small pieces using a pair of scissors. The leaves were then air dried in a drying oven at
35°C for 14 days. The dried leaves were grounded to a fine powder using the grinding mill equipped with a
sieve size of 0.20 mm. The leaf powder was kept in air tight container for storage until further use.

The leaf powder was extracted with n-hexane, chloroform, ethyl acetate, and methanol. The extraction
was performed in the increasing order of solvent polarity. The sequence of extraction is shown in Figure 1 [9].
Each extract was filtered through Whatman No. 1 filter paper. The filtrates were concentrated at 40°C and 180
rpm using rotary evaporator.

| Leaves powder (25 g) I

x 200 mL n-Hexane

[ Hexane extract ] [ Residues ]

x 200 mL Chloroform

[ Chloroform extract ] [ Residues ]

x 200 mL Ethyl acetate

[ Ethyl acetate extract ] [ Residues ]

x 200 mL Methanol

[ Methanol extract ] [ Exhausted residues ]

Figure 1. Flowchart of the Extraction Procedures for Acacia Leaves

The yield percentage (%) of the crude extracts after rotary evaporation was determined based on the
formula: [(weight of final extract/weight of powdered sample) x 100] [10]. The organoleptic properties of each
crude extract were observed and recorded for comparison. An appropriate amount of solvents were poured into
the flask to dissolve the extracts. The stock concentration was prepared at 400 mg/mL for each extract and kept
in separate clean screw cap bottles, labelled, and stored in the refrigerator for further use.

2.3 Antibacterial Activity of Acacia Leaf Extracts against Xanthomonas oryzae pv. oryzae

Xanthomonas oryzae pv. oryzae (Xoo) isolate was maintained on peptone sucrose agar (PSA) and
incubated at 30°C for 48 hours [11]. A stock solution of the extracts prepared earlier was diluted with respective
solvents using the two-fold dilution techniques. Concentrations of 200, 100, 50, and 25 mg/mL were prepared
and kept in separate clean label screw cap bottles.

The two-day old Xoo culture was harvested from the PSA using a glass rod in 10 mL sterile distilled
water (SDW) and vortexed. The optical density (O.D) value was adjusted using microplate spectrophotometer to
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0.1 O.Dgg as standard Xoo suspensions. About 35 pL of Xoo suspensions were pipetted into 0.7% soft agar
(SA) at 40°C [12], overlaid onto solidified Mueller-Hinton agar (MHA) prepared earlier, and left to solidify for
15 minutes. Six wells with a diameter of 6 mm were punched through a cork borer to remove the agar. A 50 pL
of different extract concentration was filled in each well. The positive control (streptomycin sulfate at 0.2
mg/mL concentration) and negative control (respective solvents) were filled into the respective wells. The plates
were left inside the laminar flow for 30 minutes before incubation at 30°C for two days.

Results were expressed as a diameter of inhibition zone (DIZ) produced around the treatment and
control wells. Diameter of inhibition zones were measured in millimeter (mm) using a ruler. Each experiment
was run three times with three replications. The mean of DIZ was statistically evaluated using one-way ANOVA
as well as Tukey’s Honestly Significant Difference post hoc test using SAS software. The mean of DIZ was
compared between controls and the same concentration for both Acacia leaves extract.

2.4 Minimum Inhibitory and Bactericidal Concentration Determination

The minimum inhibitory concentration (MIC) was conducted based on the lowest concentration from
the previous antibacterial activity study that was able to show inhibition against Xoo. The MIC was performed
in 96-wells flat-bottom microtiter plate using 2-fold microdilutions technique. A 35 pL of the standardized Xoo
suspension was pipetted into all the wells containing test solutions. The negative control (MHB + diluted Acacia
leaf extracts + Xoo suspension) and positive control (MHB + Xoo suspension) well was prepared at the end of
the microtiter plate. The plate was incubated at 30°C for two days inside the incubator. After the incubation
period, a 50 pL of sterile 1.5% 2,3,5-tetrazolium chloride (TTC) solution was pipetted into all the wells and was
incubated for another four hours. The wells with no color change were taken and recorded as the MIC value.
The minimum bactericidal concentration (MBC) was performed by taking out 10 pL of the well contents with
no color changes and was sub-cultured onto a fresh MHA plate using the drop plate method for MBC assay
[13]. The plate was incubated for two days at 30°C. The content of the wells no bacterial growth on an MHA
plate was taken as the MBC value. Based on MIC and MBC results, the MIC index was calculated using the
formula; MBC/MIC [14].

2.5 Determination on Active Chemical Contents of Acacia Leaf Extracts by GC-MS

Both Acacia leaf extracts showing potent antibacterial were subjected for GC-MS to determine the
active chemical constituents. Acacia leaf extracts was prepared at a concentration of 200 mg/mL and filtered
through syringe filter 0.45 um. The filtrates were analyzed using Shimadzu GCMS-QP2010 Ultra.

I1l.  Results
3.1 Yield and organoleptic properties of Acacia leaf extracts
In this study, A. auriculiformis and A. mangium leaf extracts were yielded with different
concentrations. The highest yield (%) of the crude extracts of A. auriculiformis and A. mangium were methanol
with 7.76% and 9.12%, respectively. This was then followed by chloroform, n-hexane and ethyl acetate (Table
1). These results indicated that Acacia leaves of both species yielded higher polar compounds compared to the
non-polar and semi-polar compounds.

Table 1. Yield (%) of the crude extracts of Acacia auriculiformis and Acacia mangium leaves using different
types of solvents

Species n-Hexane Chloroform Ethyl acetate Methanol
Acacia auriculiformis 1.44% 1.92% 1.04% 7.76%
Acacia mangium 1.24% 1.92% 1.08% 9.12%

Many reports revealed that polar compounds are much easier to be extracted from plant parts compared
to the non-polar and semi-polar compounds. The results obtained from the present study showed the similar
result previously reported before [15][16]. Plants comprised of large amounts of polar compounds [17], hence
explained the high yield (%) obtained from A. auriculiformis and A. mangium using methanol as a solvent. Polar
solvent acted by opening the plant cell wall then allowed the solvents to penetrate and extract the cell
components thoroughly [18].

Findings from this study showed that both of the non-polar and semi-polar solvents yielded at low
concentration (1.04-1.92%). This indicated that A. auriculiformis and A. mangium leaves contain less amount of
non-polar and semi-polar compounds. This might also be due to the degree of polarity of the solvent itself. For
example, the polarity of chloroform is higher than n-hexane. Therefore, chloroform could be more effective in
extracting the compounds than n-hexane. A study confirmed that chloroform is the best solvent for plant lipids
due to its high polarity properties [19]. Previous reports showed that ethyl acetate is an intermediate solvent that
brought out the miscibility of the non-polar and polar compounds [20][21]. The type of solvents used for

DOI: 10.9790/2380-1011014960 www.iosrjournals.org 51 | Page



Antibacterial Activity of Acacia spp. Leaves Extracts against Xanthomonas oryzae pv. oryzae....

extraction does not only affect the yield (%) of the extracts but also modifies the organoleptic properties (Table
2). The color of the crude extracts with chloroform, n-hexane, and ethyl acetate is dark green. Meanwhile,
methanol leaf extract is dark brown in color. According to the previous studies, the dark green colors produced
by the leaf extracts were associated with the color of chlorophyll. Meanwhile, dark brown color is associated
with the presence of betacyanins which are reddish to violet betalain pigments [22][23][24].

Table 2. Organoleptic properties of Acacia spp. leaves extracts using various types of solvents

Species Properties n-Hexane Chloroform Ethyl acetate Methanel
Acacia auriculiformis Color Dark green Dark green Dark green Dark brown
Odor Pleasant Pleasant Unpleasant Pleasant
Consistency Dry Dry Sticky Sticky
Acacia mangium Color Dark green Dark green Dark green Dark brown
Odor Pleasant Pleasant Unpleasant Pleasant
Consistency Dry Dry Sticky Sticky

All crude extracts possessed pleasant odor except for ethyl acetate extract. Ethyl acetate extracts
produced vinegar smell, while other extracts such as n-hexane, chloroform, and methanol gave leafy like odor.
The consistency of the extracts produced using non-polar, semi-polar, and polar solvents, was different from
each other. Hexane and chloroform extracts were in a solid state while ethyl acetate while methanol was in a
semi-solid state. It is important to note that solvent polarities play important roles in determining the types of
plant compounds with different properties; hence may influent the quality and properties of the extracts obtained
[25].

3.2 Antibacterial Activity of Acacia Leaf Extracts

DIZ zone produced by both Acacia extracts with ethyl acetate and methanol increased in ascending
order and was parallel with the extract concentration as shown in Table 3. The A. auriculiformis ethyl acetate
(AAEA) leaf extracts demonstrated the highest DIZ of 9.89, 18.898, 28.89, and 33.33 mm at concentrations of
25, 50, 100, and 200 mg/mL, respectively compared to A. auriculiformis methanol leaf extracts. The A.
auriculiformis methanol (AAMH) leaf extracts only started to demonstrate inhibition against Xoo at 50 mg/mL
concentration of. There was no DIZ recorded at 25 mg/mL concentration by AAMH. Hence, this result indicated
that AAEA was more effective compared to AAMH since AAEA was able to demonstrate inhibition towards
Xoo at the lowest 25 mg/mL concentration.

Table 3. Diameter of inhibition zone of Acacia spp. leaves extracts against X. oryzae pv. oryzae

Concentrations Controls Acacia auricnliformis Acacia manginm
(mg/mL}) Positive Negative Ethyl acetate Methanol Ethyl acetate Methanol
25 18.33£1.15= 0.0040.004 9.89+0.19¢ 0.0040.004 15.22+0.69¢ 17.89+0.962
50 18.33+1.152 0.00+0.004 16.78+0.84b 5.56+2.70¢ 18.22+0.192  20.2240.692
100 18.33%1.15¢ 0.00+0.00¢ 28.89+0.192 15.55+0.694 19.89+0.19¢ 23.44x1.02%
200 18.33£1.15¢ 0.00+0.004 33.334£0.882 18.56+0.51¢ 20.56+0.39¢ 25.78+1.65°

Note: Positive control (streptomycin sulfate, 0.2 mg/mL) and negative control (ethyl acetate and methanal).
Means were compared among controls and Acacia spp. ethyl acetate and methanol leaf extracts for each
concentrations with N = 3 and Pr>F = <0.0001. Means with the same letter represented no significant
differences among treatments.

Different effects were recorded for A. mangium leaf extracts. The results showed that the methanol
extract (AMMH) demonstrated the better size of DIZ (17.89, 20.22, 23.44, and 25.78 mm) compared to ethyl
acetate extracts (AMEA) at various concentrations. AMEA recorded DIZ values of 15.22, 18.22, 19.89, and
20.56 mm at 25, 50, 100, and 200 mg/mL concentrations. The size of DIZ produced by AMEA was slightly
lower.

The antibacterial activities of different solvents revealed that the non-polar solvents such as n-hexane
and chloroform failed to inhibit Xoo at tested concentrations even at the highest 200 mg/mL concentration. The
increase in extract concentrations produced larger inhibition zone represented by clear halo zone that formed
around the wells as shown in Figure 2. A similar effect was observed for both Acacia leaves extracted with the
same types of solvents.
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Figure 2. Antibacterial activity of A. auriculiformis ethyl acetate (A) and A. mangium methanol leaf extract (B)
against X. oryzae pv. oryzae

3.3 Determination of MIC and MBC of Acacia Leaf Etxracts

MIC and MBC assessments demonstrated that the lowest concentration of AAEA was required to
control the growth and completely kill the Xoo cells of 3.13 and 6.25 mg/mL, respectively. Meanwhile, the
AMMH leaf extracts demonstrated MIC and MBC values of 1.56 and 12.5 mg/mL, respectively. The MIC index
2 and 8 were recorded for AAEA and AMMH, respectively (Table 4).

Table 4. MIC, MBC and MIC index of Acacia spp. leaves extracts against X. oryzae pv. oryzae

Extracts  Concentrations (mg/mL) Index
MIC MBC MIC

AAEA 3.13 6.25 2

AMMH 1.56 125 8

Note: AAEA = A. auriculiformis ethyl acetate leaf extract and AMMH = A. mangium methanol leaf extract.

The MIC index obtained suggested that AAEA and AMMH possessed bactericidal and bacteriostatic
effects against Xo0o. In the micro dilution technique, the inhibition of Xoo was determined by the colour
appearance of the well contents. It was due to the colour changes produced by TTC solution. The well with none
viable bacterial cells demonstrated no colour change while the wells containing viable cells produced red colour
formazan (Figure 3).
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Figure 3. Minimum inhibitory concentration of Acacia spp. leaves extracts against X. oryzae pv. oryzae

The MIC index was assessed in order to determine whether the extracts at particular concentrations
were bacteriostatic or bactericidal. Based on the data presented in Table 4, both Acacia extracts showed MIC
index of 2 and 8. This value indicated that the MBC value was two and eight times higher than the MIC value.
Hence, these results revealed that AAEA and AMMH leaf extracts possess bactericidal and bacteriostatic effects
toward Xoo. The evaluation of MIC index was based on the findings of [26] and [27] who showed that when the
MBC/MIC value was <4, the extract possessed bactericidal effect while when the MBC/MIC value was >4, the
extract possessed bacteriostatic effect against the tested pathogen.

Determination of Active Organic Compounds in Acacia Leaf Extracts by GC-MS

GC-MS analysis of active chemical contents of AAEA and AMMH revealed the presence of different
amount of plant compounds in both Acacia extracts (Table 5). The AAEA leaf extracts possessed more
compounds than the AMMH leaf extracts. This might be due to the polarity characteristics of each Acacia leaf
extracts that take place during the extraction process. Methanol was reported to extract only polar based
compounds thus yielding limited plant compared to ethyl acetate. Both AAEA and AMMH leaf extracts
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indicated that the presence of some numerous active compounds was identified and reported to be present in
other plant extracts. The combinations of these chemical compounds might contribute to the effective
antibacterial properties of both leaf extracts against Xoo.

Table 5. Active chemical contents of Acacia spp. leaves extracts by GC-MS

anti-tumor

Extracts Compounds Biological Activities References
AAEA Propanoic acid, ethyl ester Antimicrobial; antifungal [28] [29]

2,3-Butanediol Induce plant defenses; growth | [30] [31]
promotion, salt tolerance, drought
tolerance, enhance disease
resistance,  induced  systemic
resistance

1,2-Ethanediol, monoacetate Stimulant, antiseptic, carminative, | [32]
dysentery, digestive

1-Acetoxy-2-propanol Antimicrobial [33]

1,2-Ethanediol, diacetate Antimicrobial; antibacterial [28] [34]

Benzyl alcohol Antimicrobial and free radical | [35]
scavenging

1,2,3-Propanetriol, 1-acetate Antibacterial; antimicrobial [36] [37]

1-Tridecene Antibacterial, free radical | [38] [39]
scavenging; antimicrobial

Ketone, methyl 2-methyl-1,3- | Antifungal [40]

oxothiolan-2-yl

Resorcinol Antimicrobial; antioxidant, | [41] [42]
antibacterial, anticancer

n-Pentadecanol Antibacterial; antibiofilm [43] [44]

Phenol, 2,4-bis(1,1- | Inhibit quorum sensing; | [45] [46]

dimethylethyl)- antifungal

3-Buten-2-one,  4-(4-hydroxy- | Antimicrobial, anticancer, | [47] [48]

2,2,6-trimethyl-7- antioxidant; antibacterial

oxabicyclo[4.1.0]hept-1-yl)-

Pentadecanal- Antimicrobial; antibacterial, | [49] [50]
antioxidant

Octacosanol Antimicrobial; anti-inflammation | [51] [52]

2-Cyclohexen-1-one, 4-hydroxy- | Antifungal; antibiofilm [53] [54]

3,5,5-trimethyl-4-(3-o0xo-1-

butenyl)-

Neophytadiene Antimicrobial; antibacterial [55] [56]

Palmitic acid Antibacterial; antioxidant, | [57] [58]
anticholinesterase, antimicrobial

Phytol isomer Antibacterial; trematocidal [59] [60]

E,E,Z-1,3,12-Nonadecatriene- Antifungal; antibacterial [61] [62]

5,14-diol

Phthalic acid, di(6-methylhept-2- | Antioxidant [63]

yl) ester

Supraene Antioxidant, antibacterial, | [64]
antitumor, pesticide,
immunostimulent

Hexacontane Not found -

Solanesol Anti-inflammation, anti-ulcer, | [65]
antioxidant, antibacterial

2,6,10,14,18,22- Antibacterial; antioxidant, anti- | [66] [67]

Tetracosahexaene, inflammatory

2,6,10,15,19,23-hexamethyl-

Triacontyl acetate

.gamma.-Tocopherol Antioxidant, antibacterial; | [68] [69]
anticancer, anti-inflammatory,
cardioprotective

Farnesyl bromide Anti-malarial; antimicrobial [70] [71]

Vitamin E Antioxidant, antimicrobial; anti- | [72] [73]
inflammatory

Stigmasta-7,16-dien-3-ol, Insecticidal [74]

(3.beta.,5.alpha.)-

.beta.-Amyrin Antioxidant, antibacterial; | [75] [76]
antimicrobial, antimutagenicity

Lup-20(29)-en-3-one Therapeutic agent for | [77][78]
hypopigmentation; antifungal

Methyl commate b Antimicrobial, anti-inflammatory; | [79] [80]
antifungal

dl-.alpha.-Tocopherol Antioxidant; radical scavenger, | [81] [82]
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AMMH 1,2,3-Propanetriol, 1-acetate Antibacterial; antimicrobial [36] [37]
1-Butanol, 3-methyl-, acetate Antibacterial, antioxidant; | [83] [84]
antifungal
4H-Pyran-4-one,  2,3-dihydro- | Antimicrobial; antioxidant [85] [86]

3,5-dihydroxy-6-methyl-

Undeca-1,3,5-triene Antimicrobial, cytotoxic; | [87] [88]
antioxidant

Resorcinol Antimicrobial; antioxidant, | [41] [42]
antibacterial, anticancer

Ethanol, 2-(pentyloxy)-, acetate Not found -

Guaiacol <4-vinyl-> Biocidal activity, macro- | [89] [90]
biofoulants; antimicrobial,
antioxidant

Megastigmatrienone Aroma; cytotoxic [91] [92]

.Beta.-asarone Anti MRSA, antibacterial; | [93] [94]
genotoxicity, mutagenicity

Hexadecanoic acid, methyl ester | Antibacterial, antifungal, | [95]
antioxidant

Palmitic acid Antibacterial; antioxidant, | [57] [58]
anticholinesterase, antimicrobial

Linolenate <methyl-> Antimicrobial; antioxidant [96] [97]

Benzyl .beta.-d-glucoside Not found [98]

Hexadecanoic acid, 2-hydroxy- | Not found [99]

1-(hydroxymethyl)ethyl

Phthalic acid, di(2-propylpentyl) | Antimicrobial [100]

ester

dI-.alpha.-Tocopherol Antioxidant; radical scavenger, | [81] [82]
anti-tumor

Methyl commate b Antimicrobial, anti-inflammatory; | [79] [80
antifungal

Note: AAEA = A. auriculiformis ethyl acetate leaf extract; AMMH = A. mangium methanol leaf extract

V. DiscussioN

The study of antibacterial activities confirmed the potential of both AAEA and AMMH against Xoo.
These findings are in accordance with previous studies conducted on antibacterial activities extracted from
different plant parts and species of Acacia against various species of Xanthomonas. The aqueous extracts of bark
and seed of A. arabicae, A. catechu, and A. fernesiana inhibited X. campestris pv. campestris [101], while
water, ethyl alcohol, and ethyl acetate extracts of leaf, bark, and root of A. nilotica inhibited X. malvacearum
[102], while the aqueous, methanol and ethanol extracts of A. nilotica inhibited X. axonopodis pv. punicae
[103]. Other Acacia species like A. mellifera, A. arabica, A. senegal, A. nilotica, A. aroma, A. ataxacantha, and
A. mearnsii were reported to be effective against clinical and multidrug resistant pathogenic bacteria. The
antibacterial properties of Acacia plants have been related to antimicrobial compounds such as glycosides,
tannins, phenolic compounds, terpenoids, alkaloids, and flavonoids [104][105][106][107][108][109].

Interestingly, the MIC value of AAEA recorded two-fold higher than AMMH. However, the MIC
value of AMMH obtained in this study was in agreement with MIC values obtained from other plant extracts
and essential oils against Xanthomonas spp. For instance, the MIC value of Rosa damascene to be effective
against X. axonopodis pv. vesicatoria (XV88-5, XV56, and XV97-2) was 1.5 mg/mL [110]. Meanwhile, the
fruit rinds and leaves of Thevetia peruviana acquired concentration ranging from 0.25 to 1.00 mg/mL and 0.5 to
1.25 mg/mL against bacterial pathogens as their MIC and MBC values [111]. The Gram-negative bacteria like
Xanthomonas usually require higher MIC and MBC values. This was proven when there was a report showed
that the MIC and MBC values of 87.5 mg/mL of plant extracts of Achyranthes aspera, Datura stramonium, and
Vernonia amygdalina were required against X. campestris pv. musacearum [112]. In the same study, they
demonstrated that the Agarista salicifolia and Pycnostachys abyssinica were the most potent plant extracts,
which require the lowest MIC and MBC values (10 mg/mL). Some microorganisms need a high concentration
of plant extracts to be killed or inhibited due to the cell wall components of the particular microbes [113].
Specific concentrations of plant extracts were needed in order to ensure that the mechanisms of action would
take place such as disturbing DNA replication or impairing cellular interaction and membrane integrity through
cellular leakage of nucleotides and proteinaceous materials [27].

The MIC and MBC assays were proven to be a very important analysis in providing information
regarding the bacteriostatic and bactericidal effects of leaf extracts. Both assays were based on the general
visualization of antibacterial agent reaction against the tested pathogen. More importantly, this technique does
not require high expenditure yet provides reproducible results and needs a small quantity of plant extracts [27].
These conditions have been correlated to the ability of the viable cells in reducing the 2,3,5-triphenyltetrazolium
chloride (TTC) to form red formazan. The concentration of red formazan is proportioned to the viable active
cells of the microbes [114].The combination of various plant compounds detected by GC-MS suggested that
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these compounds possessed synergistic effects against Xoo pathogen. The plant crude extracts offered better in-
vitro and in-vivo biological activities compared to pure compounds isolated from the crude extracts at an
equivalent dose. The mixture of various compounds in plant extracts possessed multi-factorial effects and
synergistic interaction that assured dynamic biological activities of crude extracts [115].

V.  Conclusion
This study confirmed that the ethyl acetate and methanol leaf extracts of A. auriculiformis and A.
mangium possess antibacterial potency against X. oryzae pv. oryzae. The size of inhibition zones produced by
plant extracts is proportioned with the concentration of the extracts used. The MIC and MBC assays showed that
these extracts possessed bacteriostatic and bactericidal effects against Xoo. Phytochemical determination by GC-
MS led to the identification of various compounds which possess multiple biological activities against Xoo. The
GC-MS analysis revealed the presence of terpenes, esters, alcohols and other volatile organic compounds.
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