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Introduction   
Malayan Sword or Borneo Sword (Aglaonema 
simplex) is a semi-aquatic plant species that 
belongs to the Araceae family. It is native to 
Southeast Asia and inhabits swamp forests or 
areas adjacent to a river. In nature, the plant is 
a hardy, long-lived species, and perfectly ideal 
for open-topped aquarium decoration but it 
has a short lifespan in completely submerged 
conditions. Previous studies showed that 
plant extracts containing alkaloids possess 
antibacterial activities and ligand inducers 
for high-density cholesterol uptake in the 
bloodstream (Zuriah et al., 2017). 

Plant growth and biochemical production 
depend highly on nitrogen sources supplied 
into the culture medium (Yamada & Sato, 
2021). Ammonium (NH4

+) and nitrate (NO3
-) 

are the two major forms of dissolved nitrogen 
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assimilated by higher plants. The availability 
and the ratio of these two nitrogen forms often 
influence plant growth and phytochemical 
biosynthesis (Kumar et al., 2020; Naseri 
et al., 2022). However, high ammonium 
concentrations cause toxicity and eliminate 
plant growth (Fang et al., 2021; Hachiya et al., 
2021). In toxic ammonium conditions, plants 
change the phytohormone, photosynthetic 
pigments, and soluble carbohydrates to balance 
the hormonal homeostasis and oxidative stresses 
(Sun et al., 2022).  Fang et al. (2021) stated that 
plants employed antioxidant compounds such 
as α-tocopherols, ascorbic acid, carotenoids, 
chlorophylls, flavonoids, phenolics, and 
oxidative enzymes including superoxide 
dismutase, guaiacol peroxidase, and glutathione 
reductase in a few plants. 
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Nonetheless, ammonium toxicity studies 
mainly focused on terrestrial plants as compared 
with aquatic plants. Aquatic plant responses 
to ammonium toxicity may differ from the 
terrestrial plants. Moreover, Naseri et al. 
(2022) mentioned that the hydroponic or plant 
tissue culture technique is a nature-friendly 
and effective system for plant proliferation and 
metabolite production from plants. The system 
also allows mineral nutrient manipulation for 
high biomass productivity pest and disease-free 
and notable secondary metabolite production 
compared to open or soil cultivation systems. 
Consequently, the in vitro culture or hydroponic 
cultivation of plants can be a sustainable resource 
for pharmaceutical production. Therefore, the 
current study objective is to determine the effect 
of ammonium on Aglaonema simplex, a type of 
aquatic plant using in vitro conditions. 

Materials and Methods      
The experiment was carried out in the plant 
biotechnology laboratory at the University of 
Malaysia Terengganu. An established in vitro 
culture of Aglaonema simplex plantlets was used 
as plant material. Before the treatment, plantlets 
were proliferated in a solid MS (Murashige & 
Skoog, 1962) basal medium added with B5 
(Gamborg et al., 1968) vitamins, 0.3% (w/v) 
sucrose, and 1.0 mg/l benzyl aminopurine as 
previously described (Zuriah et al., 2017). 
Subsequently, two-month-old plantlets with 
almost similar fresh weight were aseptically 
transferred into the treatment medium. The 
treatment medium consisted of a modified liquid 
B5 (Gamborg et al., 1968) medium, to which 
an ammonium sulphate solution was applied 
as an ammonium source. The final ammonium 
concentrations in the treatment media were 
at 0, 9, 18, 27, 36, and 45 mM. All cultures 
were placed on an orbital shaker (80 rpm) 
and incubated in a culture room set at  28°C 
temperature and 16 hours photoperiods under 
white light provided by fluorescent lamps. Three 
cultures were randomly sampled at 7, 14, 21, 
and 28 days from each ammonium treatment. At 
harvest, plantlets’ biomass was measured using 
an electronic balance and continued with the 

secondary metabolite’s quantifications with 3 
replications respectively.  

Chlorophyll Content 
Chlorophyll content was estimated based on the 
method described by Harborne (1984). Freshly 
harvested leaves (0.15 g) were homogenized in 
10 ml of 80% (v/v) acetone using a mortar and 
a pestle. The mortar and pestle were rinsed with 
5.0 ml of the acetone solution. The collected 
slurry was combined and centrifuged at 3000 
x g for 10 minutes. The recovered supernatant 
was mixed with 25 ml of 80% (v/v) acetone 
and read for absorbance at 645 nm and 663 nm 
wavelengths using a spectrophotometer. 

Carotenoid Content
Carotenoid content was measured based on the 
method espoused by Leichtenthaler (1987). 
The freshly harvested leaves (0.1 g) were 
homogenised using a mortar and a pestle in 3.0 
ml of 80% (v/v) acetone added with clean sand. 
The homogenate was centrifuged at 103 x g for 
10 minutes and collected supernatants were read 
for absorbance at 663.2 nm, 646.8 nm, and 470 
nm wavelengths using a spectrophotometer. 

Alpha-tocopherol Content
The content of α-tocopherol was quantified 
according to the method described by Hodges et 
al. (1996). The fresh leaf of the plant (0.1 g) was 
ground up using a mortar and a pestle in 1.5 ml 
acetone. Hexane (0.5 ml) was added to the slurry, 
vortexed for 30 seconds and centrifugated at 
1000 x g for 10 minutes. The top layer solution 
was removed and repeated the extraction 
with hexane twice. The hexane extracts were 
combined. Subsequently, 0.5 ml extract was 
mixed with 0.4 ml of 0.1% (w/v) 3-(2-pyridyl)-
5-6-diphenyl-1,2,4 triazine (DPT) dissolved in 
absolute ethanol and 0.4 M of 0.1% (w/v) ferric 
chloride dissolved in absolute ethanol. Absolute 
ethanol was added to the mixture to 3.0 ml, 
gently swirled and left at room temperature 
for 4 minutes. The mixture was added with 0.2 
ml of 0.2 M orthophosphoric acid diluted in 
ethanol and left at room temperature for another 
30 minutes. Absorbances were read at 554 nm 
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wavelength using a spectrophotometer and 
α-tocopherol content was estimated based on 
α-tocopherol (0 μg/ml to 1.4 µg/ml) standard 
curved.

Ascorbic Acid Content
Ascorbic acid content was estimated based 
on the method described by Jagota and Dani 
(1982).  The fresh leaf of the plant (0.1g) was 
ground with 1.0 ml of 10% (v/v) trichloroacetic 
acid (TCA). Homogenate was centrifuged at 
1000 x g for 10 minutes at 40C. Supernatant 
was recovered. Under the dim light, a 300 µl 
supernatant was mixed with 1700 µl distilled 
water and 200 µl of 10% (v/v) Folin reagent and 
allowed for a 10 minutes reaction. Absorbance 
was read at 760 nm wavelength using a 
spectrophotometer. Ascorbic acid in the sample 
was calculated based on ascorbic acid (0 μg/ml 
to 60 µg/ml) standard curved. 

Phenolic and Flavonoid Content 
The metabolites were extracted according to 
the method of Chang et al. (2002). The fresh 
leaf was harvested (1.0 g) and homogenized in 
10.0 ml of 95% (v/v) ethanol.  The supernatant 
obtained after centrifugation at 103 x g was used 
for total phenolic, flavonoid and flavone content 
quantifications. The replications were used for 
each treatment.    

Total phenolic content was measured 
according to the method of Waterman & Mole 
(1994). One millilitre of plant extract was mixed 
with 15 ml distilled water, 4.0 ml Folin-Ciocalteu 
reagent and 6.0 ml of 20% (w/v) sodium 
carbonate solution. The reaction was allowed 
for 2 hrs. Subsequently, absorbance was read at 
760 nm wavelength using a spectrophotometer. 
The total phenolic content was estimated based 
on standard curves of gallic acid in methanol in 
the range of 0 to 250 µg/ml.  

The total flavonoid content was measured 
according to the method described by Chang 

et al. (2002). A half-millilitre of plant extract 
was mixed with 1.5 ml of 95% (v/v) ethanol, 
10% (w/v) AlCl3, 0.1 ml of 1.0 M potassium 
acetate solution and 2.8 ml distilled water. The 
mixture was left at room temperature for 30 min. 
Subsequently, absorbance was read at 415 nm 
wavelength using a spectrophotometer. 

Flavone content was also determined 
based on the formation of the AlCl3 chloride 
complex as described by Popova et al. (2003). 
Two millilitres of plant extract were mixed 
with 20 ml of absolute methanol, 1.0 ml of 5% 
(w/v) AlCl3 solution and made up to 50 ml with 
distilled water. After 30 min of reaction, the 
absorbance was read at 425 nm wavelength using 
a spectrophotometer. Flavonoid and flavone 
content were estimated based on quercetin (0 
μg/ml to 120 µg/ml) standard curved.  

Statistical Analysis    
Data were subjected to the One-way analysis 
variant (ANOVA) using the Statistical Package 
for Social Science (SPSS). The significant 
differences in mean values were determined by 
the Duncan Multiple Range (DMRT) tests at p 
≤ 0.05. 

Results 
Plant Weight Differences  
Results in Figure 1 showed the effects of 
ammonium concentration on the fresh and dry 
weight of Aglaonema simplex plantlets after 28 
days of treatments. Both fresh and dry biomass 
exhibits similar trends [Figures 1(A) and 1(B)]. 
The plant biomass increased as the culture period 
increased. The highest biomass was recorded 
in 36.0 mM ammonium (2.3 g fresh wt. and 
approximately 3.0 mg dry wt.). Nevertheless, the 
plant biomass decreased by the highest amount 
in an ammonium concentration (45.0 mM) 
treatment. In this ammonium concentration, the 
fresh and dry wt. were approximately 1.0 g and 
1.5 mg respectively.   
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Chlorophyll Content 
The results showed that chlorophyll content 
varied between ammonium concentrations 
and culture periods (Figure 2). Nonetheless, 
chlorophyll content in the A. simplex plantlets 

Figures 1: Effects of ammonium concentration on the fresh weight (A) and dry weight (B) of Aglaonema 
simplex cultures after 28 days of treatments. Bar with different small letters significantly different at p ≤ 0.05 

using a Duncan multiple range test

was almost consistent in 27.0 mM ammonium 
during the culture period. The chlorophyll 
content in this treatment was approximately 
1.7 µg/g fresh wt. of the sample throughout the 
culture period. 

Figure 2: Effects of ammonium concentration on chlorophyll content in Aglaonema simplex cultures after 
28 days of treatments. Bar with different small letters significantly different at p ≤ 0.05 using the Duncan 

multiple range test
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Carotenoid Content 
The carotenoid content in the A. simplex plantlets 
was severely dropped in the ammonium-free 
medium (Figure 3), from 4.2 µg/g fresh wt. of 
the sample after the 7 days of culture to 1.0 
µg/g fresh wt. of the sample after 21 and 28 
days of culture. The highest carotenoid content 
was recorded in 18.0 ammonium treatment 

Figure 3: Effects of ammonium concentration on the carotenoid content in Aglaonema simplex cultures after 
28 days of treatments. Bar with different small letters significantly different at p ≤ 0.05 using the Duncan 

multiple range test

Figure 4: Effects of ammonium concentration on the α-tocopherol content in Aglaonema simplex cultures 
after 28 days of treatments. Bar with different small letters significantly different at p ≤ 0.05 using the Duncan 

multiple range test

after 7 days of culture. However, the carotenoid 
in this treatment was dropped as the culture 
period increased. In general, carotenoid content 
fluctuated between .5 to 3.6 in 27 mM and 36 
mM of ammonium treatments after 21 days of 
culture. Carotenoid content was decreased in 
all ammonium treatments after 28 days of the 
culture period.   

Alpha-tocopherol Content 
The results in Figure 4 showed that α-tocopherol 
increased with the culture period. However, the 
α-tocopherol concentrations did not significantly 
differ between the treatments except for that 
pf the 18.0 mM and 27.0 mM ammonium 
concentrations. The α-tocopherol concentrations 
in these two treatments were slightly lower 

compared with the control and other ammonium 
concentrations. Nonetheless, the α-tocopherol 
content was higher than 5.0 µg/g fresh wt. of 
sample for both ammonium concentrations. 
Whereas the highest α-tocopherol content 
fluctuated between 7.1 to 7.3 0 µg/g fresh wt. 
of sample. 
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Ascorbic Acid Content  
The ascorbic acid content varied among the 
ammonium treatments and culture period 
(Figure 5). Generally, the ascorbic acid content 
decreased as the ammonium concentration 
increased after seven days of treatment. The 
highest concentration of ascorbic acid was 

recorded in the 45.0 mM ammonium treatment 
after 14 days of culture. It reached up to 
approximately 90 µg/g fresh wt. of the sample. 
However, the ascorbic acid in this ammonium 
concentration dropped after 21 and 28 days of 
culture to 65 and 50 µg/g fresh wt. of the sample, 
respectively.

Figure 5: Effects of ammonium concentration on the ascorbic acid content in Aglaonema simplex cultures 
after 28 days of treatments. Bar with different small letters significantly different at p ≤ 0.05 using the Duncan 

multiple range test

Figure 6: Effects of ammonium concentration on the phenolic content in Aglaonema simplex cultures after 
28 days of treatments. Bar with different small letters significantly different at p ≤ 0.05 using the Duncan 

multiple range test

Phenolic Content
The phenolic content in the A. simplex varied 
between ammonium concentrations applied in 
the culture medium and the period of culture.  
The highest phenolic content was measured in 
plantlets treated with 27.0 mM of ammonium 
after seven days of culture. It reached up to 70 

µg/g fresh wt. of the sample, however, dropped 
as the culture period increased. For ammonium 
concentrations from 0 mM to 36 mM, the high 
phenolic content was after 14 and 21 days of 
culture. However, in 45.0 mM ammonium, the 
highest phenolic content was after 28 days of 
culture (Figure 6).

0 9 18 27 36
Ammonium concentrations (mM)
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Flavonoid Content
The results showed that ammonium concentration 
also induced changes in flavonoid content in 
A. simplex plantlets (Figure 7). The highest 
flavonoid content was measured in treatment 
with 27.0 mM ammonium after seven days of 

culture. In other ammonium concentrations, 
high flavonoid content was found after 21 days 
of the culture period. Throughout the culture 
period, constant flavonoid content was found in 
the treatment of 45.0 mM, around 40 µg/g fresh 
wt. of the sample.    

Figure 7: Effects of ammonium concentration on the flavonoid content in Aglaonema simplex cultures after 
28 days of treatments. Bar with different small letters significantly different at p ≤ 0.05 using the Duncan 

multiple range test

Flavone Content 
Results in Figure 8 showed the effects of the 
ammonium concentrations on the flavone 
content in A. simplex culture. In the 9.0 mM 
and 36.0 mM ammonium treatments, the high 
flavone was recorded after seven days of culture. 
The highest amounts of flavones were found in 

the 36.0 mM ammonium treatment, up to 70 
µg/g fresh wt. of the sample.  On the other hand, 
in 18 mM and 27 mM of ammonium content 
produced the highest flavone count after 21 
days of culture. In these conditions, the flavone 
content reached up to 60 µg/g fresh wt. of the 
sample.    

Figure 8: Effects of ammonium concentration on the flavone content in Aglaonema simplex cultures after 
28 days of treatments. Bar with different small letters significantly different at p ≤ 0.05 using the Duncan 

multiple range test

0 9 18 27 36
Ammonium concentrations (mM)

45

Ammonium concentrations (mM)
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Discussion
Plant growth and biomass are influenced by 
available nutrients, particularly the major nutrient 
that involves in the majority of metabolite 
biosynthesis pathways. An appropriate amount 
of nitrogen sources such as ammonium 
supply to cells determined the biosynthesis 
of chlorophyll for photosynthesis activity, 
proteins, and enzymes utilised involved in plant 
growth and development. On the other hand, 
higher ammonium concentrations may cause 
toxicity and consequently poor growth (Naseri 
et al., 2022). In this study, the highest biomass 
of A. simplex was found in a culture medium 
supplied with 36.0 mM ammonium (Figure 1). 
Meanwhile, in a medium consisting of 45.0 mM 
ammonium, the biomass was reduced. Various 
mechanisms for ammonium toxicity in various 
plant species have been reported. These include 
reduced protein glycosylation, acidification of 
the external environment and energy loss during 
the assimilation of excess ammonium in the 
cells (Liu et al., 2017). 

In some plant species, root growth is sensitive 
to excess ammonium and root development 
was reported as related to ethylene signalling 
and auxin transportation. More importantly, 
species supplied with ammonium as the main 
nitrogen source may suffer from decreased rates 
of net photosynthesis. Excessive concentration 
of ammonium in leaf tissue can cause the 
separation of electron transport reactions from 
phosphorylation in the chloroplast. Although a 
high biomass of A. simplex was obtained in 36.0 
mM ammonium, the highest chlorophyll content 
was measured in lower ammonium levels, 27.0 
mM (Figure 2). These results showed that the 
chlorophyll biosynthesis in this plant is active 
in moderate ammonium concentration. The 
assimilated may transport and be utilised in the 
biosynthesis of other metabolites such as amino 
acids and alkaloids.  Chlorophyll plays a role 
in capturing photons as an energy source in 
photosynthesis processes and in photoprotective 
processes in plants that contribute to effective 
biomass accumulation (Pareek et al., 2017). 

Chlorophyll and carotenoids contribute 
to the pigmentation of plant organs. In normal 
conditions, dark green leaves are due to high 
chlorophyll content, while yellow to orange 
colours are due to lower chlorophyll but high 
carotenoid content. It was found that higher 
carotenoid content was in the medium supplied 
with lower ammonium concentration and at the 
early growth stages (Figure 3). Cheng et al. 
(2023) reported that ammonium ions reacted 
with other antioxidant compounds including 
carotenoids. The finding suggested that 
ammonium-free medium or lower ammonium 
concentration can be a possible strategy to 
enhance the high carotenoid accumulation in 
higher plants.   

Results also showed that α-tocopherol 
content in the A. simplex did not significantly 
influence (p > 0.05) by the ammonium 
concentration (Figure 4). On the other 
hand, a higher α-tocopherol content was 
measured in the prolonged cultures, after 28 
days of treatment. This result suggested that 
ammonium concentration may not function 
as a direct elicitor for carotenoid biosynthesis 
in A. simplex. Moreover, α-tocopherols are 
non-enzymatic lipid-soluble antioxidants 
synthesised only by photosynthetic organisms 
through the shikimate pathway and isoprenoid.
Previous studies reported that c carotenoids 
and α-tocopherol inhibit lipid peroxidation and 
protect photosystem II from oxidative damage 
by scavenging lipid peroxyl radicals and singlet 
oxygen in many plants (Qadir et al., 2017; Ali 
et al., 2022). The current finding suggested that 
both metabolites, carotenoids, and α-tocopherol 
may act as a buffer to mitigate excess ammonium 
in the culture medium exposed to the root of A. 
simplex cultures. After a long culture period, 
the cell proliferation slows down; therefore, the 
nutrients might be used for the biosynthesis of 
storage metabolite as preparation for senescence. 

Interestingly, the highest ascorbic acid 
content was detected in A. simplex culture in the 
highest ammonium treatment (45.0 mM) after 
14 days of culture. This agrees with Viviani 
et al. (2022), where ascorbic acid is the major 
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hydrophilic antioxidant ad powerful inhibitor 
of lipid peroxidation and works in concert 
with α-tocopherol to reduce oxidative stress. 
However, this study showed that ascorbic acid in 
A. simplex culture was highly increased in high 
ammonium concentration in the early treatment 
period. At the same time, α-tocopherol was high 
toward the end of the experiment (Figure 4 and 
Figure 5). 

The current finding also revealed that 
moderate ammonium concentration (27.0 mM) 
could trigger higher production of phenolic and 
flavonoids by A. simplex cultures. Nonetheless, 
Nasari et al. (2022) reported that high phenolic 
content was produced by Moldavian balm in a 
lower or ammonium-free medium. Ammonium 
availability was also reported to affect the 
phenolic composition in green and purple basil 
(Prinsi et al., 2020). Differences in responses 
of these two plants might be due to the natural 
habits and genetics of the plants, where A. 
simplex is a semi-aquatic plant while Maldavian 
balm is a terrestrial plant. Meanwhile, flavone 
was highly increased in the plants treated with 
36.0 mM ammonium. All of these three groups 
of metabolites, phenolic, flavonoid and flavone 
were highly produced after 14 days of treatment 
and sharply dropped after 28 days of culture 
(Figures 6, 7, and 8). The finding suggested 
that phenolic and flavonoids might work in 
concerted with ascorbic and α-tocopherol to 
reduce the toxicity effects of higher ammonium 
concentration. Moreover, results showed that a 
moderate concentration of ammonium ranging 
between 27.0 and 36.0 mM appeared to induce 
a high α-tocopherol, ascorbic acid, phenolic, 
flavonoids and flavones metabolite production 
by the A. simplex cultures. This indicated that 
in A. simplex culture, these metabolites might 
be involved in regulating the stress due to high 
ammonium concentrations.  Foyer et al. (2020) 
suggested that under stress conditions such as 
particularly high ammonium concentrations, 
these metabolites act in a signalling network 
of hormonal and a series of acclimatization 
responses to prevent major perturbations in 
redox homeostasis and regulate the biochemical 
processes that allow survival of the under-stress 

plants (Akram et al., 2017).   Qadir et al. (2017) 
mentioned that plant responses to ammonium 
are profoundly influenced by the nutrient 
absorption status, particularly concerning 
nitrate availability. Since the culture media are 
supplied with similar nitrate concentrations and 
used by plants after ammonium in the nitrogen 
assimilation activity. 

Conclusion
The A. simplex platelets biomass, ascorbic acid, 
carotenoid, chlorophyll, phenolic, flavonoid 
and flavone content in the plant was reliant 
on ammonium concentration applied in the 
culture medium and culture period. Ammonium 
at 27.0 to 36.0 mM was the most appropriate 
concentration for the highest biomass production 
as well as the metabolite contents. The highest 
ascorbic acid, carotenoid, chlorophyll, phenolic, 
flavonoid and flavone were obtained after 21 
days the treatment period. The finding suggested 
that appropriate ammonium concentrations 
play a crucial role in determining the A. 
simplex productivity. Further studies should be 
conducted to identify the specific biochemical 
such as alkaloids and enzymes triggered by 
the ammonium concentrations. The effects of 
ammonium on plant growth and respective 
metabolites should also be determined.   
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