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Abstract 

 

A medicinal plant, Bacopa monnieri, was grown under different canteen wastewater concentrations for five 

weeks. Their growth and certain secondary metabolite contents were measured, together with several water and 

soil parameters. Plants irrigated with 50%, 75% and 100% wastewater had higher biomass than those irrigated 

with tap water and plant growth appearing to be optimal under 50% wastewater treatment according to shoot 

fresh weight and root dry weight. The highest secondary metabolites measured as total phenolic contents 

(1.18±0.11 mg GAE/g dry plant) and total flavonoid content (8.79±1.13 mg QE/g dry plant) were observed in 

plants irrigated with 100% wastewater. This may be due to the plants irrigated with 100% wastewater were 

experienced to higher stress factors, such as increased potassium (K) and electrical conductivity (EC), than  

the plants in other treatments. These results suggest that canteen wastewater could be a suitable option for 

irrigation, potentially integrating wastewater management with medicinal plant cultivation. 
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1. Introduction  

 

 Bacopa monnieri (L.) Wettst., a member of the family Scropulariaceae, is commonly known as water hyssop 

and locally called in Thai as “phak mi” or “phrommi”. It is a native plant in Asia and has been used for either 

ornamental or medicinal purposes. This medicinal herb has been used in India for centuries. As the active 

substances produced by the species have special properties for cognitive enhancement and relieve some 

neurological problems, the species is widely available in herbal markets throughout India and Southeast Asia [1]. 

In the Ayurvedic medicine system of India, B. monnieri has been used as a memory enhancer and sharpener and 

for a broad range of ailments such as diabetes, jaundice, throat infection, skin and blood disorders, etc. [2]. Among 

its many bioactive constituents, phenolics, terpenoids, flavonoids, and especially bacoside A are the main active 

phytochemicals responsible for its antioxidant activity and protection of DNA damage [3]. The secondary 

metabolite contents in B. monnieri can vary depending on several factors, including both biotic and abiotic factors 

within a plant’s growth environment [4-8]. However, the different doses of specific substances usually result in 

variations in plant growth performance as well. 

 As B. monnieri can grow in terrestrial areas-preferably in wet places- as well as in aquatic conditions with 

both fresh and brackish water, and thrives exceptionally well under waterlogged conditions [1], its potential for 

wastewater treatment falls in the area of interest. Brahmi is recognized as a facultative halophyte and its ability to 

treat saline water having electrical conductivity (EC) as high as 4,000 𝜇S/cm has been proved [9]. The species has 

also been shown to grow well in horizontal subsurface flow constructed wetlands treating grey water in gravel 

and biochar bases over a period of three months [10]. Additionally, it has been tested also for the removal of 

coliform bacteria from sewage by 70% after 24 hours of incubation without any stress symptom based on 

chlorophyll contents [11]. Moreover, as a plant used on floating wetland, B. monnieri effectively removed  
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67-81% of biochemical oxygen demand (BOD) from artificial sugar mill effluent [12]. In addition, its ability to 

grow on and remediate metal contaminated soil is well documented [6,13,14]. 

 Treated household wastewater such as municipal wastewater, black or grey water, has become an interesting 

source of water supply for irrigation particularly in arid regions of the world where water demand is increasing 

[15]. However, there are a few studies on using solely kitchen wastewater reported and the effects on soil 

properties appear to vary. For instance, Parwin and Paul [16] suggested that more attention should be given to the 

high mineral contents rather than toxic substances, while this concern was not the issue found in the study by 

Abegunrin et al. [17] which investigated on using kitchen wastewater for irrigation. 

 As B. monnieri has the ability to tolerate well with various types and concentration of substances, we expect 

that it may have potential to be cultivated in soil irrigated with kitchen wastewater. In addition, different growth 

conditions may influence its secondary metabolites production. Our study aims to explore the feasibility of using 

raw canteen effluent for the production of B. monnieri plants. By studying the effect of irrigating with canteen 

effluent at different concentrations on plant growth and the content of some secondary metabolites in B. monnieri, 

the findings from our study may provide the practical recommendation to reclaim water for specific plant 

production at either the household or community level. 

 

2. Materials and Methods  

 

2.1 Soil and soil analysis 

       

 Natural soil (300 g) and commercial soil for general planting (300 g) were mixed and filled into each pot.  

This soil mixed was used for all treatments in our present study, mainly aimed as a controlled factor for the 

experiment. For soil parameters analysis, soil samples were collected from each pot in all treatments. The soil 

samples from the same treatment were combined together and then divided into three replicates. The soil samples 

were air-dried, ground and sieved through 2 mm sieve, and kept for further analyses. Available phosphorus was 

extracted from the soil using Olsen solution and analyzed using Molybdenum blue method [18]. Available 

potassium (K) was extracted using NH4OAc for 30 minutes and the extract was analyzed using atomic absorption 

spectrophotometry. Soil pH and EC were measured in water extract solution at a ratio of 1:5 (soil:water) using  

a pH meter and an EC meter, respectively [19]. 

 

2.2 Water collection and analysis 

 

Wastewater was collected weekly and directly from effluent tube of three restaurants at the cafeteria in 

Building No. 2, Khon Kaen University, Nong Khai Campus, Nong Khai Province, Thailand. Solid waste was 

separated from wastewater by sieving before mixing all portions of wastewater together. The wastewater was then 

diluted with tap water to achieve the determined concentrations used in the treatments (50% wastewater,  

75% wastewater and 100% wastewater, respectively). Each batch of water was prepared for using within one 

week. Water parameters were analyzed on days one and seven. Chemical oxygen demand (COD) was analyzed 

using a closed reflux method. Total Kjeldahl nitrogen (TKN) was analyzed using the Macro Kjeldahl Method 

[19]. Total phosphorus (TP) was analyzed using a digestion procedure and spectrophotometric analysis according 

to ascorbic acid method. Potassium (K) content in the water was analyzed using an Atomic Absorption 

Spectrophotometer [20]. The values of pH and electrical conductivity (EC) were measured using a pH meter and 

an EC meter, respectively. 

 

2.3 Plant preparation and Experimental set up  

 

 Plant shoots were cut to a length of 7 cm from shoot tip and planted into the prepared pots (one shoot per pot). 

Tap water (100 mL) was applied twice daily for 50 days before starting the experiment. The treatments were 

assigned into four groups: 0% wastewater (control), 50% wastewater, 75% wastewater and 100% wastewater. 

Each treatment consisted of five replicates. 

 Before starting the experiment, the number of shoots and shoot length of each plant were measured and the 

average values were recorded. During the experimental period, each plant was applied with 100 mL of wastewater 

at the designated concentration twice daily. The experimental period was 5 weeks. 

 At the end of the experiment, shoots length was recorded and the plants were harvested by cutting the shoots 

at the base before cleaning and measuring their fresh weights. Roots of the plants were removed from the soils, 

rinsed with tap water to remove any debris before weighing. Then plant shoot and root samples were dried under 

60 °C in a hot air oven for 48 hours and their dry weights were measured thereafter. Dried plant samples were 

subsequently used for estimation of bioactive compounds. Soil from each treatment was collected for analysis as 

mentioned above. 
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2.4 Estimation of bioactive compound contents 

 

 The bioactive compounds estimated in this experiment were total flavonoid and total phenolic compounds. 

Plant extracts were prepared based on the method described by Navarro del Hierro et al. [21], with some 

modification. Briefly, 0.5 g of dried plant sample was mixed with 15 ml of 95% ethanol and extraction was 

completed by sonication for 15 minutes at an output amplitude of 60% and temperature was maintained under  

75 °C. After that, the sample was filtered to collect the extract for further analysis.  

 Total phenolic content was analyzed using the Folin-Ciocalteu method. An aliquot of the extract (0.2 mL) was 

mixed with 5 mL of deionized (DI) water before adding Folin reagent and sodium carbonate. The reaction was 

allowed to complete under darkness for 1.5 hours. Absorbance of the solution was measured at 725 nm to quantify 

total phenolic content using Gallic acid as the standard. Results were expressed as mg GAE/g dry plant. 

 Total flavonoid content was analyzed using aluminum nitrite colorimetric technique. An aliquot of the extract 

(0.3 mL) was mixed with DI water, then all reagents were added and the reaction was allowed to complete for 

five minutes. Absorbance was measured at 420 nm to quantify total flavonoid content using Quercetin as the 

standard. Results of total flavonoid contents were expressed as mg QE/g dry plant. 

 From the extraction methods used, the final volume of extract was in the range of 9.4–10.8 mL (average = 

10.22±0.38 mL). Plant dry mass was in the range of 0.5000-0.5029 g (average = 0.5014±0.0009 g). The exact 

final volume and dry mass of plant used in extraction were incorporated in calculation of each content as following 

formulas; 

 

total phenolic content (mg GAE/g dry plant) = [C x V] / W 

 

total flavonoid content (mg QE/g dry plant) = [C x V] / W 

 

 As C = concentration of total flavonoid or total phenolic (mg/mL), V = final volume of extract (mL) and  

W = plant dry mass (g). 

 

2.5 Statistical analysis 

 

 Means of water and soil parameters, plant length and biomass, and bioactive compound contents were 

compared using one-way analysis of variance (ANOVA) to determine significant differences among treatment 

groups. Post hoc comparisons were performed using Duncan’s multiple range test to identify the significantly 

different groups at a significance level of 0.05 (p<0.05). The statistical program used to analyze the data was IBM 

SPSS Statistics Version 29.0.2.0 (20).  

 

3. Results 

 

3.1 Water quality parameters 

 

 In our study, wastewater was collected once a week and water quality were measured on days one and seven 

for each batch of water. Water quality parameters are presented as the average values of all measurements to 

enable comparison between treatments. The water parameters measured in this study were total phosphorus (TP), 

total Kjeldahl nitrogen (TKN), available potassium (K), chemical oxygen demand (COD), pH and electrical 

conductivity (EC). 

 The results showed that TP, COD, K and EC levels in the three treatment groups were significantly higher 

than those in the control group, and the concentration of each parameter reflected the treatment conditions  

(Table 1, p<0.05). In raw canteen wastewater (100% wastewater treatment), the concentrations of TP, K and COD 

were 0.44 ± 0.07, 29.06 ± 13.15 and 56.03 ± 6.14 mg/L, respectively, and the EC was approximately  

454.17 ± 60.80 µs/cm. For TKN and pH values, these both parameters tended to be lower in the control group but 

the differences were not significant. Total Kjeldahl nitrogen was 6.34 ± 1.09 mg/L and pH was 6.42 ± 0.28 in raw 

wastewater. 

 

Table 1 Chemical oxygen demand (COD), Total Kjeldahl nitrogen (TKN), total phosphorus (TP), potassium (K), 

pH and electrical conductivity (EC) of water applied to each treatment (mean±S.E.). 
Treatment 

(%wastewater) 
COD (mg/L) TKN (mg/L) TP (mg/L) K (mg/L) pH EC (µs/cm) 

0% (Control) 22.55 ± 11.27c 2.74 ± 0.33 0.04 ± 0.02c 1.34 ± 0.007b 7.84 ± 0.001a 241.27 ± 0.00b 

50% 28.84 ± 5.31b 5.56 ± 1.12 0.22 ± 0.05bc 7.58 ± 1.33ab 6.46 ± 0.23b 329.20 ± 31.46ab 
75% 29.29 ± 3.47bc 5.86 ± 0.69 0.34 ± 0.07ab 14.88 ± 4.34ab 6.43 ± 0.22b 325.40 ± 22.40ab 

100% 56.03 ± 6.14a 6.34 ± 1.09 0.44 ± 0.07a 29.06 ± 13.15a 6.42 ± 0.28b 454.17 ± 60.80a 

Different letters above each column indicates significant differences between treatments (p<0.05). 
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3.2 Soil characteristics 

 

 After harvesting, soil samples were collected for available P, available K, pH and EC measurements and the 

results presented in Table 2. Available P concentrations in the soils were in accordance with concentrations in 

wastewater applied to the treatments, although the differences were not significant. However, available K and EC 

increased with the concentrations applied, and the clear differences were observed between the control and  

the three treatments. Soil pH was not different among any of the treatment conditions. 

 

Table 2 Available phosphorus (available P), available potassium (available K), pH and electrical conductivity 

(EC) of soils after harvesting (mean±S.E.). 
Treatment (%wastewater) Available P (µg-P/g soil) Available K (µg-K/g soil) pH EC (µs/cm) 

0% (Control) 36.97 ± 3.69 1172.43 ± 28.01c 5.58 ± 0.17 157.90 ± 3.50c 

50% 125.04 ± 75.52 4025.40 ± 34.01b 5.41 ± 0.03 216.43 ± 5.14b 
75% 65.30 ± 4.84 4339.74 ± 240.63b 5.45 ± 0.02 218.17 ± 5.24b 

100% 68.48 ± 13.55 4912.62 ± 147.68a 5.52 ± 0.02 246.00 ± 0.29a 

Different letters above each column indicates significant differences between treatments (p<0.05). 

 

3.3 Effects on plant growth and bioactive compound contents 

 

 After five weeks of receiving specified concentrations of canteen wastewater, plant growth was determined 

by measuring their shoot length as well as shoot and root biomass. The average shoot length and elongation of 

plants did not differ among the treatments (Figure 1). However, both the fresh and dry weights of the shoots were 

significantly higher in the three treatment groups compared to the control group (Figure 2A, p<0.05). The results 

also showed that root growth, as measured by fresh and dry weights, was not affected by the treatment conditions 

(Figure 2B). 
 

 
 

Figure 1 Length of shoots of Brahmi grown in each treatment. 
 

 
 

Figure 2 Fresh weight (A) and dry weight (B) of shoots and roots of Brahmi in each treatment. Different letters 

above each column indicates significant differences between treatments (p<0.05). 
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 In this study, we basically evaluated the effects of the treatments on bioactive compound contents by 

measuring total flavonoid and total phenolic contents in shoots and calculated based on plant dry biomass. Total 

flavonoid contents were significantly higher in the three treatments compared to the control group (p<0.05), and 

the highest value observed in the treatment of 100% wastewater (8 .7 9 ±1 .1 3  mg QE/g dry plant) (Figure 3A). 

Total phenolic contents were not different between the control and the treatment of 50% wastewater, however, 

the highest total phenolic content was found in the treatment of 100% wastewater (1 .1 8 ±0 .1 1  mg GAE/g dry 

plant) (Figure 3B), similar to the pattern observed for total flavonoid contents. 
 

 
 

Figure 3 Total flavonoid contents (A) and total phenolic contents (B) in above ground part of Brahmi in each 

treatment. Different letters above each column indicates significant differences between treatments (p<0.05). 

 

4. Discussion 

 

 In this study, wastewater was collected directly from effluent pipes of three restaurants in the university 

canteen. The characteristics of the wastewater were measured before application, and subsequently, the 

consequences of the treatments on soil properties, plant growth and their secondary metabolite contents were 

evaluated. 

 The results of water quality analysis showed that the canteen wastewater used in the present study contained 

higher amounts of elements compared to tap water. However, the concentrations of COD, TP and TKN found in 

our study were much lower compared to all reports cited in the paper published by Li et al. [22]. In addition, 

salinity hazards, as expressed by EC values, were lower, while the concentration of K was higher than that found 

in kitchen wastewater examined in the study by Parwin and Paul [16]. However, the EC values found in our study 

still fall within the range considered suitable for irrigation water according to the US Salinity Laboratory (USSL) 

classification system, and do not exceed the limits established by the FAO standard, as referenced by Parwin and 

Paul [16]. 

 Some soil properties changed after irrigation with canteen wastewater, and most of these changes reflected the 

amounts of mineral contents- such as P, K and EC- in the applied wastewater. The soil pH was slightly lower, 

though not significantly, in the three treatments with canteen wastewater compared to the control group. This 

finding is consistent with results found in the study on the use of kitchen wastewater for cucumber irrigation [17]. 

As the authors mentioned, the significantly lower pH may result from the decomposition of organic matter. 

Electrical conductivity of the soils in the treatments irrigated with wastewater were higher than that of the control 

group. The only parameter that might pose detrimental effects on irrigated soil and plant, especially in the long 

term, is potassium accumulation, as this was much higher in the treated soils compared to the control group, 

reflecting the high concentration of K found in the wastewater. 

 Regarding plant growth, all treatments irrigated with canteen wastewater had higher shoot biomass compared 

to the control group, and no adverse effects on B. monnieri growth were observed. This might be due to the 

increased nutrient contents supplied to the soils by the wastewater that allow the treated plants to uptake and 

assimilate them into their biomass which inconsequence helps improve plant growth. Compared between the 

groups of 50%, 75% and 100% wastewater treatments, growth of Brahmi appeared to be better under the 50% 

wastewater treatment, as the plants in this treatment achieved higher shoot fresh weight and root dry weight. Most 

study on Brahmi growth revealed that optimum nutrient concentrations are not always at the highest level, and 

supplied form could be either organic or inorganic. A report by Pierce et al. [23] showed that B. monnieri 

immobilized lower amounts of N and P compared to another wetland plants namely Leersia oryzoides. 

Poornananda et al. [24] found that B. monnieri grown on full-strength MS medium had the highest biomass, while 

plants grown on 0.25, 0.5 and 0.75 MS media had moderate levels of biomass and plants grown on the two highest 
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concentration of nutrients (1.5 MS and 2 MS media) had the lowest biomass. When comparing hydroponic and 

soil cultures, B. monnieri grew better in hydroponic conditions due to not only a better supply of essential nutrients 

[2 5 -2 6 ] but also to greater light availability [2 6 ]. Studies on soil culture have mostly found that higher nutrient 

availability from farmyard manure (FYM) and vermicomposts can improve B. monnieri growth over NPK-

fertilizers [2 7 ], and it can be grown organically using FYM fertilizer at 100% N equivalent [2 8 ]. Su et al. [2 9] 

found that increased salinity posed detrimental effects on phosphorus uptake in alfalfa plants, but the application 

of phosphorus fertilizer improved salt tolerance and growth of the plant. In addition, considering that B. monnieri 

is a salt tolerant species itself [1,9], this trait supports its survival under salt stress. In terms of biomass production, 

our results show that the slightly higher K contents in the treated soils did not pose adverse effects on Brahmi 

growth, however, this may pose negative impacts in the long-term application.   

 Increased antioxidant activity is one of the mechanisms that plants use to cope with various types of stress [30] 

and it is normally correlated with enhancement of secondary metabolites such as phenolics and flavonoids in many 

plant species [31]. Brahmi samples with high bacoside and phytochemical contents (such as total phenolics, total 

flavonoids and total triterpenoids) also exhibit high antioxidant activity [3]. Compared with tap water, the results 

from recent study shows that nutrients supplied from canteen wastewater positively affect total phenolic and total 

flavonoid contents together with promoting plant growth. Plant nutrients affect differently on production and 

activity of secondary metabolites in this plant species. Poornananda et al. [24] found that B. monnieri grown on 

full-strength MS medium had higher bacoside A contents compared to plants grown on higher (1.5 MS and 2 MS) 

and lower (0.25, 0.5 and 0.75 MS) concentrations of nutrients in growth media. Most studies in B. monnieri found 

that effects of differences in macronutrient supply on secondary metabolites or antioxidant activity were less 

noticeable than effects of stress factors. Factors such as metals and metal contamination [4-6], plant hormones 

[7,32], organic acids such as salicylic acid [8], changes of seasons [33], water stress [34] and salt stress [35-37] 

have been proved to alleviate secondary metabolite production in B. monnieri. From our results, we therefore 

suggest that enhanced phenolic and flavonoid contents might be caused by response to other factors rather than 

amount of nutrient supply.  

 Maikami et al. [3 5 ] found that sodium (Na) stress, which might occur by nutrient imbalance under inorganic 

fertilizer condition, was the most important factor that increased bacoside content, total phenolic content and 

antioxidant activity in B. monnieri grown with organic and inorganic fertilizers. Also, Anupama et al. [36] reported 

that B. monnieri under the highest salt concentration (400 mM NaCl) and moderate urea application (500 mg) 

produced the highest phenolic and flavonoid contents, respectively. Although the composition of Na+, K+ and 

other ions is defined as soil salinity, studies on salt stress are mainly focused on effects of high Na+ concentrations. 

However, K-induced salt stress has been reported to pose more detrimental effects on sensitive plants than Na+  

at the same concentration. Nevertheless, salt-tolerant species can cope with this problem through various 

mechanisms such as limited K+ accumulation, maintain the ability to uptake nutrients and increase antioxidants 

and osmoprotectants [3 8 ]. In our study, the accumulation of K+ and other ions-implied from elevated EC- in the 

soil, especially in the treatment of 100% wastewater, may have caused some stress in the treated plants, resulting 

in higher total phenolic and total flavonoid contents than other treatments. As commonly found in other plants, 

increased antioxidant activity has been proved to correlate with enhancement of secondary metabolites such as 

phenolics and flavonoids in B. monnieri [3,3 9 ], we extrapolate that the plant irrigated with canteen wastewater 

would exhibit higher antioxidant activity than the plant irrigated with tap water. 

 Biological factors such as pathogens and specific types of microbes are among various factors that influence 

secondary metabolite production in the plant. The study by Gupta et al. [4 0 ] strongly suggests that chitinolytic 

microbes (Chitiniphilus sp. MTN22 and Streptomyces sp. MTN14) enhanced activities of enzymes involved in 

the biosynthetic pathway of bacosides and also phenolic compounds in B. monnieri. On the contrary, pathogen 

infection reduced those enzyme activities to even lower than the controlled plant. Hence, results of wastewater 

usage on microbial communities in the treated soils should be considered for further studies, in order to evaluate 

the consequences of wastewater reuses for specific plant production. 

 Therefore, our study demonstrates that using canteen wastewater for irrigation could help crop production 

without growth retardant and enhance secondary metabolites production. The underlined mechanism in this case 

might be due to the species ability to cope with K+ induced salt stress or ions imbalance. Nevertheless, in order to 

acquire knowledge on the relevant mechanisms and long-term effects, scopes of further study should be expanded 

to other possible stress factors such as nutrient imbalance or biotic stress, and bioactive substances and antioxidant 

activity responding to those factors. 

 

5. Conclusions 

 

Our results reveal that B. monnieri grew better when irrigated with canteen wastewater, especially at the 

concentration of 50% wastewater, compared to tap water. This practice could be a valuable option to support 

water for irrigation, either at the household or community levels, especially during the summer when fresh water 
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is scarce. In addition, using canteen wastewater may promote secondary metabolite production in plants, which 

makes incorporating wastewater management with medicinal plant cultivation even more interesting. 
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