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ABSTRACT:

This paper presented a method for synthesizing ammonium soap (AS) from palm oil and NH; gas.

The obtained AS was viscous, opaque white, and pH ~8.0. In vitro antibacterial efficiency (AE)

against Xanthomonas oryzae pv.oryzae (Xoo) of AS reached 86.70% at a concentration of 5000 mg/L
and that of Cu nanoparticles/chitosan (CuNPs/CS) reached 100% at a concentration of 30 mg/L Cu.
When using CuNPs/CS at a concentration of 20 mg/L Cu supplemented with 500 mg/L AS, AE
reached 100%. Thus, the combination of AS and CuNPs/CS is considered an effective solution for

resisting Xoo at low concentrations.
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1. Introduction

In agriculture, surfactants are commonly used to
enhance the adhesion and dispersion of pesticides
[1, 2]. Soap is made by hydrolyzing fats (mainly
triglycerides) with an alkaline solution, producing
carboxylate salts of fatty acids [3]. The bases
commonly used for soap production are NaOH
(solid soap) and KOH or NH,OH (liquid soap) [4, 5].
Soaps made from plant oils or animal fats are safe
because they do not produce harmful waste [6].

Ammonium soaps (AS) can be prepared by
reacting plant oil with excess NH,OH solution at
high concentration (25%) [7], aerating NH; gas into
the plant oil, or adding (NH,4),COj to the plant oil
and heating it to decompose the carbonate salt into

NH; [8]. Ammonium soap has been confirmed to
have antibacterial, insect, and pest repellent
properties [9, 10, 11]. The mechanism of action of
AS on insects is to penetrate the cell membrane,
causing cell damage and disrupting the respiratory
system [10]. Ammonium soaps release NH; slowly,
thus repelling larger animals such as deer and
rabbits [9]. The disadvantage of using AS in plant
disease control is that it must be applied repeatedly
at high concentrations of 0.5-1% [12]. Therefore,
AS is often used in low-concentration supplements
to increase the effectiveness of pesticides [13].
Copper-based nanomaterials (CuO, Cu,O, Cu)
have potential applications in agriculture due to
their anti microbial activity at low concentrations
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[14, 15]. In addition, Cu is also a plant nutrient, so
CuNPs is considered a safe plant protection agent
because it is consumed by plants [16]. Various
plant-damaging  microorganisms  such  as
Xanthomonas axonopodis pv. punicae, Fusarium
oxysporum, Alternaria alternata, Curvularia lunata,
and Phoma destructive have been shown to be
inhibited by Cu nanomaterials [17, 18]. The effect of
CuNPs on microorganisms is due to the interaction of
Cu with carboxyl groups on the surface of
microorganisms [19]. Moreover, CulNPs also
stimulate the production of reactive oxygen species,
causing damage and changing the permeability of
cell membranes, leading to enzyme inactivation and
protein dysfunction in microorganisms and cell death
[20]. The antibacterial activity of CuNPs/polymer
depends on the surface coating, chitosan (CS)
biopolymer coating has been shown to have a
synergistic effect in the fields of resistance to
harmful microorganisms [21].

For the above reason, this study presented a
method for preparing AS from palm oil by a
heterogeneous reaction when aerating NH3 gas in
a heated palm oil solution to produce a
biodegradable surfactant, providing nitrogen
nutrition for plants when decomposing and
reducing its negative impact on the environment
compared to traditional alkaline metal soaps. In
addition, the in vitro antibacterial activity of AS and
CuNPs/CS against Xoo causing rice leaf blight
disease were also investigated in this study with the
aim of reducing the concentration of active
ingredients and ensuring environmental safety.

2. Methodology

2.1. Materials

Chemicals used in the experiments were of
analytical grade, including palm oil (Palma Tech
Product Sdn.Bhd., Malaysia), ammonia gas (NHj)
99.8% (PetroVietnam Fertilizer and Chemicals,
Vietnam); standard ~ KOH-ethanol  (Merck,
Germany);  zeolite4A  (Guangdong  Xintao
Technology Co., Ltd., China); HCl; C,H5OH 99.7%;
phenolphthalein  (Xilong, China); CuNPs/CS
including 5,000 mg/L Cu and 5% (w/v) CS (Institute
of Applied Matterials Science, Vietnam); the Xoo
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bacterial (Institute of Agriculture Science for
Southern Viet Nam, Vietnam). The deionized water
was used throughout the experiment.

2.2. Methods

Determine the saponification value of palm oil
[22]: 2 g of palm oil was placed in a 100 ml conical
flask, 25 ml of 0.5 M standard KOH-ethanol
solution, and 0.2 g of zeolite4A was added, and the
flask was connected to a reflux condenser. The
mixture was boiled for 60 min, and the mixture was
titrated with HC1 0.5 M using phenolphthalein as an
indicator. The same procedure was performed with
a blank sample and the volume of HCI solution
used for titration was recorded until the pink color
disappeared. The experiment was repeated three
times and the results were presented as mean =+
standard error (SE). The saponification value (SN)
was calculated according to formula (1).
(Vo—Vp) xecx56.1 )

m

Where SN (mg/g, calculated as KOH) is the
saponification value, V; and V; (ml) are the
volumes of standard HCI solution used for titration
in the blank and sample, respectively, ¢ (mol/L) is
the concentration of the standard HCI solution, and
m (g) is the mass of the sample.

Preparation of AS: 250 g of palm oil was added
to a 500 ml glass beaker and heated on a magnetic
stirrer to ~90°C. NHj3 gas was added from a
pressure vessel with a flow meter to bubble into the
beaker containing palm oil, adjusting the NH; gas
flow to ~20.5 L/h for 60 mins, the amount of NH3
was calculated by the number of moles of KOH to
saponify palm oil. Continue aerating NH; gas for
another 5 min to increase the saponification
efficiency.

Determination of the efficiency of saponification
reaction (SH) [8]: 5 g of AS was added in a conical
flask with a stopper, 10 ml of ester was added,
closed the lid, and shaken the mixture on a shaker.
Then, the mixture was transferred to an extraction
flask, left for 120 mins and the AS at the bottom of
the extraction flask was collected. The remaining
AS mass was weighed and determined. The
experiment was repeated 03 times and the results

SN (mg/g) =
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were presented as mean + SE, SH was calculated
according to formula (2):

SN (%) =

x 100 (2)
Mo

Where m (g) is the mass of the initial AS and mO
(g) is the mass of the remaining AS.

Determination of pH of AS [22]: Dissolved 1 g of
AS in 50 mL of deionized water and stirred well,
the pH was measured with a pH meter.

Determination of surface tension: Add 0.05% AS
to deionized water and determine the surface
tension on a digital surface tensiometer DST-60
(SEO, Korea) at 25°C.

Determined the characteristic properties of
CuNPs/CS: The size of CuNPs was calculated from
transmission electron microscopy (TEM) images
measured on a JEM 1010 (JEOL, Japan) and
presented as mean + standard deviation (SD). The
crystalline properties of the material were
determined by X-ray diffraction (XRD)
spectroscopy on an XRD D8 Advance X-ray
diffractometer (Bruker, Germany), using Cu ko (A
= 1.5406A). The powdered CuNPs/CS sample for
XRD measurement was prepared by precipitating
in 99.7% C,HsOH with a volume ratio of
C,H5OH:sample solution of 3:1. The precipitate
was filtered through filter paper, washed three
times with C,H5OH, and then dried at 60°C.

In vitro antibacterial efficacy (AE, %) [23, 24]:
Inject 100 pl of bacterial enrichment solution into a
test tube containing 15 ml of Luria Broth medium.
The experiment included treatments supplemented
with AS at concentrations of 500, 2000, 3000, 4000,
and 5000 mg/L; treatments supplemented with
CuNPs/CS at concentrations of 20, 25, and 30 mg/L
Cu; treatments supplemented with CuNPs/CS at
concentrations of 20 mg/L. Cu and 500 mg/L. AS;
control treatment using distilled water. Incubation
was conducted under the same conditions (28-
30°C), the treatments were repeated 03 times.
Determine the colony density after 24 hours of
cultivation by measuring the optical density at a
wavelength of 660 nm on a SmartReader 96
(Benchmark - USA) and calculate AE according to
formula (3):

(Co -0

e

Where C; and C (cfu/mL) are the colony
densities of the control and treated treatments,
respectively. The colony densities were calculated
from the standard curve with the empirical
regression equation (1) for Xoo: y = 13.661x —
0.2431 (R* = 0.9904), x is the optical density, y is
the colony density (cfu/mL) in the range 0.00-5.12
x 108 cfu/mL.

3. Results and discussion

After NH; gas reacted with palm oil (Figure 1a)
at 90°C, AS was obtained in the form of a thick,
opaque white liquid (Figure 1b). The mixture did
not separate after many days of storage.

AE (%) = 100 x

Figure 1. Photographs of palm oil (a), AS
(b), and CuNPs/CS (c)

Source: Analysis by authors

The SN of palm oil was determined to be 196.73
mg KOH/g, this result is similar to the research of
some previous authors [25]. According to our
calculations, 250 g of palm oil for saponification
needs to react with 14.93 g of NH; gas equivalent
to 0.0205 m?® The saponification
efficiency was determined to be 93.4% + 0.5%, this
result is similar to the study of Reiling (1962) when
using the agent (NH,),CO5 to saponify plant oil
(reaction efficiency ~92%) [8]. When the reaction
was completed, the pH of AS was determined to be
8.0, which was lower than that obtained using the
alkaline agent NaOH [22], and suitable for many
applications. The obtained AS had a calculated
solid content of ~83.5% (the rest was water and
glycerol). The surface tension of water was
determined to be 6.17 mN/m when 500 mg/L. AS
(~417.5 mg of solid soap) was added, which was
lower than that of deionized water at ~72

reaction
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mN/m.This result was similar to the study of
Mckinney et al. (1962) when studying
saponification from tung oil and ammonia [7].

CuNPs/CS from the Institute of Applied
Materials Science had a reddish-brown color as
shown in Figure lc. Through the TEM image in
Figure 2a, it could be seen that CuNPs have a
spherical shape with an average size of 21.61 =+
2.18 nm. The XRD pattern of CuNPs/CS (Figure
2b) showed two diffraction peaks at 20 ~10.14° and
20.100, characteristic of the
crystallization of CS [26]. In addition, the
diffraction peaks at 20 ~43.29°, 50.54°, and 74.25°
correspond to the diffraction planes (111), (200),
and (220) assigned to the crystal structure of
elemental copper according to JCPDS No.003-
1018 [27].

The AE against Xoo of AS and CuNPs/CS after
24 hours of incubation is shown in Table 1. The
results showed that AS had a low AE (17.45%)
when using a concentration of 500 mg/L, while at a
concentration of 5000 mg/L, the AE reached >
80%. The half maximal inhibitory concentration
(IC50) of AS was 2909 mg/L calculated from the
regression equation: y = 0.0163x + 2.5754 (R? =
0.9841), where y is AE (%) and x is AS
concentration (mg/L). The antibacterial mechanism
of AS was explained by Wang et al. (2023) as being
due to the cationic surfactants being able to act on

which are

negatively charged bacterial membranes, causing
cell membrane destruction [28]. Although AS was
recommended by the EPA for use in agriculture,
farmers often use it empirically, and to date, there
have been very few studies on the antimicrobial
potential of AS [29]. Quaternary ammonium
surfactants have recently been studied and
demonstrated to have antimicrobial activity against
several medical bacteria such as Escherichia coli,
Klebsiella pneumoniae, Enterobacter cloacae,
Pseudomonas aeruginosa, Acinetobacter
baumannii, and Staphylococcus with
minimum inhibitory concentrations (MIC) ranging
from 0.25-4.00 mg/mL [30]. Thus, AS is a material
that is effective against Xoo at high concentrations
of 5000 mg/L.

The results in Table 1 showed that CuNPs/CS
exhibited antibacterial activity against Xoo at low
concentrations of 20-30, AE reached 63.71% at 20
mg/L Cu concentration and increased to 100% at 30
mg/L Cu concentration. Notably, in the treatment
supplemented with 500 mg/LL AS, the AE of
CulNPs/CS at 20 mg/L. Cu concentration increased
from 63.71% to 100%. Thus, the combination of AS
and CulNPs/CS created a synergistic antibacterial
activity that reduced the concentration of Cu metal
but still achieved high antibacterial efficiency.

4. Conclusion

In this study, AS was synthesized by aerating

aureus

Figure 2. TEM image (a) and XRD patitern (b) of CuNPs/CS
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Table 1. In vitro antimicrobial activity
of AS and CuNPs/CS against Xoo

Note: Different letters in the same row indicate

NHj; gas through heated palm oil
with a reaction efficiency of >

Treatments Colony density (cfu/mL) | AE (%) 93%. The obtained AS had a low
pH and exhibited the properties

Control 3.61+£0.212x 108 0.00 . .
of a surfactant, which is to
AS (500 mg/L) 2.98+0.172x 108 17.45 reduce the surface tension of the
AS (2000 mg/L) 247 +0.16° x 108 31.58 solution. At a concentration of
AS (3000 malL 1872 0.09° x 10° 48.20 5000 mg/L, AS was effective
( mglt) DR ' against Xoo at > 86%. Besides,
AS (4000 mg/L) 1.14+£0.120x 108 68.42 CuNPs/CS  also  showed
AS (5000 mg/L) 4.80 +0.28¢ x 107 86.70 effective antibacterial ability at
CuNPs (20 mg/L Cu) 1.31£0.15° x 108 63.71 low:concentrations. The use of
500 mg/L AS to supplement
CuNPs (25 mg/L Cu) 0.79+0.06° x 108 78.12 CuNPs/CS significantly
CuNPs (30 mg/L Cu) 0.00¢ 100 increased the antibacterial effect
CuNPs (20 mg/L Cu) +AS (500 mglL) 0.00° 100 of the material. The results of
this study show that AS and

CuNPs/CS are  promising

significant differences at P < 0.05  materials for safely inhibiting
Source: Analysis by authors  plant pathogens B
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TOM TAT:

Bai vi€t nay trinh bay phudng phap t6ng hgp xa phong amoni (AS) tir diu co va khi NH;. AS
thu dudc c6 dang sét, mau tring duc va pH ~8.0. Hiéu qua khang khuin (AE) trong phong thi
nghiém d6i véi vi khudn Xanthomonas oryzae pv. oryzae (Xoo) cia AS dat 86,70% & ndng d6 5000
mg/L va clia nano Cu/chitosan (CuNPs/CS) dat 100% & nong dd 30 mg/L Cu. Khi st dung
CuNPs/CS & ndng dd 20 mg/L Cu bd sung 500 mg/L AS, AE dat 100%. Nhu vay, su két hop giira
AS va CuNPs/CS dugc coi la gidi phdp hiéu qua trong viéc khang lai vi khuin Xoo & ndng do thap.

Tirkhéa: xa phong amoni, nano ddng/chitosan, vi khuin Xanthomonas oryzae pv. Oryzae.
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