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Abstract

This research aimed to optimize the agricultural waste culture medium and conditions of Paramecium
caudatum. Agricultural wastes, sugarcane molasses (SGCM), soybean meal (SB), and rice straw (RS) were
determined total reducing sugar and total protein contents. The results showed that SGCM contains the highest
total reducing sugar content and following SB and RS. SB had the highest total protein content and following
SGCM and RS. The impact of the agricultural waste culture medium on P. caudatum growth was conducted by
varying concentrations of each agricultural wastes, 0.00, 0.01 0.10, 0.50, 1.00, 2.00, 5.00, and 10.00% (w/v). The
optimal concentrations of each agricultural wastes are 0.1% (w/v) of SGCM, 1.0% (w/v) of SB, and 1.0% (w/v) of
RS, respectively. The impact of the combination of agricultural wastes medium (0.1% (w/v) of SGCM, 1.0% (w/v)
of SB, and 1.0% (w/v) of RS) on P. caudatum growth was investigated compared with each agricultural waste
medium. The P. caudatum growth in a combination medium was significantly increased compared with a single
medium. The effect of pH (pH 4-10) and temperature (10-40 °C) on P. caudatum growth were determined. The
optimal cultivation condition of P. caudatum was cultivated in the combination of agricultural wastes medium with
pH of 6.0 and temperature ranged between 25 and 30 °C. This finding indicated that this new modification
agricultural wastes culture medium is suitable for P. caudatum growth used in ecotoxicological studies and

animal feed production.

Keywords : Paramecium ; culture medium ; agricultural wastes
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Introduction

Paramecium, single-cell free-living protozoans, are members of the phylum Ciliophora that are
widespread in the aquatic environment. Paramecium usually feeds on microorganisms such as bacteria, yeast,
and algae as carbon and nitrogen sources to promote growth. It has been widely used as a model organism in
classrooms and laboratories to study biological processes and bioindicator organisms to follow changes in their
habitats and ecotoxicological studies by monitoring physiological changes, cell motility, and cell organization
(Edmiston Jr et al., 1985; Madoni, 2000; Hemmersbach et al., 2001; Miyoshi et al., 2003; Momayezi et al., 2004;
Takahashi et al., 2005; Rouabhi et al., 2006; Venkateswara et al., 2007; Mortuza et al., 2009; Amanchi 2010;
Duncan et al., 2011; Mansano et al., 2016). Because this unicellular protist is viewed with the naked eye and also
with the microscope. According to research published, several basic Paramecium metabolic parameters show
similarity with higher animals (Zharkova et al., 20 21). Moreover, the advantages of using Paramecium in the
experiments are cheapness, high sensitivity to stimulants, and short-duration experiments. Recently, the
Paramecium genome database was published and this genetic information is a valuable resource for future
studies (Arnaiz et al., 2020).

In recent years, agricultural wastes have become the main source of pollution in the world (Wang et al.,
2016). According to the research, these agricultural wastes have a very high nutrition potential and can be used
for various applications (lbrahim, 2015). Agricultural wastes management is considered to be an important step in
environmental protection and agricultural development. The simplest agricultural wastes management is recycling
utilization such as animal feed, organic fertilizers, and soil amendment. Moreover, these agricultural wastes are
utilized as culture medium components for many organisms and substrate for biochemicals, enzyme, and biofuels
production (Suo ef al.,, 2011; Muhammad et al., 2012; Amin et al., 2014; Alavijeh & Yaghmaei, 2016; Gabhane
et al., 2014; Pryshliak & Tokarchuk, 2020)

In Thailand, a common culture medium in protozoa experiments used for studies of Paramecium is the
rice straw medium with unknown concentration. To date, no report has yet been performed on the growth of
Paramecium using the combination of agricultural wastes medium. In this research, we determined the best
Paramecium agricultural waste culture medium and conditions for Paramecium caudatum isolated from the Saen
Saep canal near Srinakarinwirot University. Because these agricultural wastes can be a viable source of organic
nutrients such as carbon, nitrogen, minerals, and various valuable chemicals. Thus, combining different
agricultural wastes is an approach to enhance such biomass (Mondal ef al., 2017). The present study aimed to 1)
determine the total reducing sugars and protein contents in agricultural wastes including sugarcane molasses

(SGCM), soybean meal (SB), and rice straw (RS) and used as exogenous carbon and nitrogen sources for
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Paramecium's culture medium 2) optimized the Paramecium'’s agricultural waste culture medium and 3) optimize
the Paramecium cultivation conditions. Therefore, we predicted the new modification Paramecium cultivation

medium using agricultural wastes could be used for isolation and biomass production.

Methods

Paramecium Culture Preparation

Samples of water were taken from the littoral zone of three sampling points in the Saen Saep canal,
one of Bangkok's major drainage arteries, near Srinakharinwirot University, Bangkok from March to August 2020
as shown in Figure 1. Water samples were screened for Paramecium within 24 hr after sampling under the
microscope. Paramecium was maintained on 1% (w/v) Rice straw medium (modified medium from SSVT) and
classified based on morphology under a compound microscope according to Charubhun & Charubhun (2007).
1% (w/v) Rice straw medium was used for Paramecium inoculum preparation. The inoculation cultures were
grown at room temperature (25 °C). Mid-log phase cells of Paramecium were subjected to use as starter cultures

for experimental tests.

Sampling points Site Description L:t(;::‘tll:n coor::)nnagt;sll i
Point | Asok drainage 13°44°51” N | 100°33°47” E
Point 2 Prasan Mit Pier 13°44°50” N | 100°33°’56” E
Point 3 | Prasan Mit drainage 13°44°49” N | 100°34°02” E

Figure 1 Description of the Paramecium sampling points and location coordinates at the Saen Saep canal from

March to August 2020.
Paramecium sp. was isolated from the Saen Saep canal near Srinakarinwirot University, Bangkok

(13°44'51" N 100°33'47" E, 13°44'50” N 100°33'56” E, and 13°44'49" N 100°34'02” E) and classified as

based on morphology under a compound microscope. The cell body of P. caudatum is spindle-shaped 200-300
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micrometers long, the front portion is rounded and tapering at the posterior to a blunt point as shown in Figure 2.

The pellicle is uniformly covered with cilia and has a long oral groove and two star-shaped contractile vacuoles.

Figure 2 Morphology of Paramecium caudatum isolated from Saen Saep canal. The scale bar is 100

micrometers.

Preparation of agricultural waste stock solutions

Agricultural wastes including SGCM, SB, and RS were obtained from Ayutthaya Province, Thailand. Sun-
dried RS and SB were dried in a cabinet oven with air circulation at 60 °C for 48 h and ground to powder using a
grinder. Ten grams of each agricultural wastes were weighed and extracted with 100 m| tap water. The mixtures
were sterilized at 120 °C for 15 min and filtered using Whatman No. 1 filter paper. The supernatants were labeled
as SGCM, SB, and RS stock solutions and subjected to determine total reducing sugars and protein contents
according to the dinitrosalicialic acid (DNS) method (Miller, 195 9) and the dye-binding method of Bradford
(Bradford, 1976), respectively.

Impact of the agricultural waste culture medium on Paramecium growth

The stock solutions of each agricultural wastes were diluted to different concentrations (0.01, 0.05, 0.10,
0.50, 1.00, 2.00, 5.00 and 10.00% (w/v)) with tap water. Each agricultural waste culture medium was sterilized at
120 °C for 15 min. The initial density Paramecium level of 100 cells/mL was grown under various types of 200 mL
of the agricultural waste medium at the different formational concentrations in 500 mL of conical flasks and left at
room temperature. Cell growth was evaluated in triplicate each day for consecutive 30 days. 20 HL of each
sample were taken with a micropipette and the numbers of live P. caudatum were counted under the compound
microscope.

Impact of the combination of agricultural waste culture medium on Paramecium growth

The optimal concentrations of each agricultural waste culture medium were used to prepare the

combination medium to test the impact of the combination of agricultural waste culture medium on Paramecium
|
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growth. The initial density Paramecium level of 100 cells/mL was grown in 200 mL of each treatment in 500 mL of
conical flasks and left at room temperature. Cell growth was evaluated in triplicate each day for consecutive 30
days and investigated using the compound microscope.

Effects of pH on Paramecium growth

To study the effects of pH on Paramecium growth, the initial density Paramecium levels of 100 cells/mL
cells was added to 200 ml of the combination of agricultural waste culture medium with different pH (pH 4-10)
using 1 0 mM phosphate buffer in 500 mL of conical flasks and left at room temperature. Cell growth was
evaluated in triplicate each day for consecutive 30 days. 20 L of each sample were taken with a micropipette
and the numbers of live P. caudatum were counted under the compound microscope.

Effects of temperature on Paramecium growth

To study the effects of temperature on Paramecium growth, cells were grown in the combination of
agricultural waste culture medium at optimal pH value. The initial density Paramecium level of 100 cells/mL was
grown in 200 mL of each treatment in 500 mL of conical flasks and incubated at 10, 15, 20, 25, 30, 35, and 40 °C.
Cell growth was evaluated in triplicate each day for consecutive 30 days. 20 [LL of each sample were taken with a
micropipette and the numbers of live P. caudatum were counted under the compound microscope.

Data analysis

Data represent means + SD for 3 independent experiments. Data analysis was conducted using one-way
analysis of variance (ANOVA) with IBM SPSS Statistics for Windows V21.0 to test the effects of the culture media
for each (Corp, 2012). Differences were considered significant at p<0.05. All experiments were carried out in

triplicate.

Results

Determination of the total reducing sugars and protein contents in agricultural waste stock solutions

The total reducing sugars and protein content of the agricultural wastes, including SGCM, SB, and RS,
were determined as shown in Table 1 . The results showed that the sugarcane molasses were enriched in
reducing sugars, whereas soybean meal contained the highest amount of protein amount. The data showed that

these agricultural wastes could be used as the carbon and nitrogen sources for the Paramecium's growth.
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Table 1 The total reducing sugars and protein contents of Agricultural waste stock solutions. Data represent

means + SD (n=3) for 3 independent experiments (p<0.05).

Agricultural waste stock solutions Total reducing sugars content Total protein content
(mg/ml) (mg/ml)
10%(w/v) Sugarcane molasses (SGCM) 50.00£3.45 0.25+0.02
10%(w/v) Rice straws (RS) 10.00£0.55 0.13+0.01
10%(w/v) Soybean meal (SB) ND 1.00+0.07

ND means that total reducing sugars content is undetectable through the DNS method

Impact of the single agricultural waste culture medium on Paramecium growth

The growth curves of the Paramecium cultured in each agricultural waste culture medium were shown in
Figure 3. Cells grew exponentially and stopped 3-4 days after inoculation. The maximum cell density was
obtained 4-5 days after inoculation. Cell density of Paramecium was increased in agricultural waste
concentrations of 0.1% (w/v) sugarcane molasses (Figure 3A), 1.0% (w/v) soybean meal (Figure 3B) and 1.0%
(w/v) rice straw (Figure 3C). High concentrations of three agricultural wastes inhibited Paramecium proliferation.
Then, the decline phase seemed to start. The cell density of Paramecium in soybean meal medium was higher

than in other culture media (p<0.05) (Figure 4).
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(A) Sugarcane molasses medium (B) Soybean meal medium
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(C) Rice straw medium
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Time (day)

Figure 3 The growth curves of Paramecium in each agricultural waste medium: (A) sugarcane molasses
(SGCM), (B) soybean meal (SB), and (C) rice straw (RS) medium. Data represent means = SD (n=3) for

3 independent experiments (p<0.05).
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Figure 4 Comparison of Paramecium cell density under the optimal concentration of each medium at day4 and

day5. Data represent means + SD (n=3) for 3 independent experiments (p<0.05).

Impact of the combination of agricultural waste culture medium on Paramecium growth

The optimal concentrations of SGCM (0.1% (w/v)), SB (1.0% (w/v)) and RS (1.0% (w/v)) was selected to
prepare the combination medium. The growth curve of the Paramecium was shown in Figure 5. The results
showed that the growth of the Paramecium in the combination medium was significantly increased (p<0.05)
compared with other media. The maximum cell density was obtained 4 days after inoculation. The cell density of
the Paramecium grown in the combination medium was significantly increased with 183, 1.69, 1.28, and 5.50
folds compared with tap water, 1.0% (w/v) rice straw medium, 1.0% (w/v) soybean meal medium, and 0.1% (w/v)
sugarcane molasses medium, respectively. The combination medium supplies more nutrients than other media

because the carbon and nitrogen sources directly affect biomass production.
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Figure 5 Growth curve of Paramecium under combination medium to compare with other. Data represent means

+ SD (n=3) for 3 independent experiments (p<0.05).

Effects of pH on Paramecium growth

The effects of pH on Paramecium growth were studied using the combination medium with different pH
values (pH 4-10) as shown in Figure 6. The results indicated that the cells thrived at a slightly acidic pH value of
6.0. The Paramecium growth rate was decreased to half of that under normal growth conditions at pH values of 4,

5, and 7. Paramecium caudatum mortality was 100% immediately when exposed to pH 9 and 10.

30000
=
g
S,
z
= 20000 ;
@
N’
£
w
s
= 10000 -
)
o
0
0 10 20 30
Time (day)

Figure 6 Effects of pH on growth of Paramecium cells in combination medium. Data represent means + SD (n=3)

for 3 independent experiments (p<0.05).
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Effects of temperature on Paramecium growth

The effects of temperature on Paramecium growth were determined by culturing in the combination
medium (pH 6.0) and placed in an incubator which was set to 10-40 °C as shown in Figure 7. The optimal
temperature range for Paramecium growth was between 25-30 °C. Lower and higher temperature treatments

decreased the growth rate of Paramecium.

30000

20000 A

10000 1§

Cell density (cells/ml)

Time (day)

Figure 7 Effects of temperature on growth of Paramecium in combination medium, pH 6.0. Data represent

means * SD (n=3) for 3 independent experiments (p<0.05).

Discussion

Agricultural wastes, sugarcane molasses, rice straw, and soybean meal, have been reported as the
carbon sources for the growth of bacteria, green algae, and cyanobacteria (Piasecka et al., 2017). The rice straw
medium, the traditional Paramecium culture medium in Thailand, was used as control and the optimal
concentration for Paramecium cultivation is at 1.0% (w/v) RS. Rice straw extracts are mainly composed of ash
along with minor contents of protein, carbohydrate, and phenolic substances (Tangkhavanichi et al.,, 201 2;
Satlewal et al., 2018; Karimi et al., 2014) that can be used as a carbon source for the growth of living organisms.
Our results showed that the cell density of Paramecium in soybean meal medium was higher than other
agricultural wastes medium. Because soybean meal, generally used as an organic fertilizer and common protein
source for animal feed industry (approximately 44-48% crude protein), has a greater nutritional value in diets such
as digestibility amino acids, minerals, and also phytonutrients (Ghorbani et al., 2017; Baker et al., 2011; Malhotra
and Coupland, 2004). Moreover, several studies have reported that soybean meal supplementation has positive

effects on animal growth (Ghorbani et al., 2017; Baker et al., 2011; Heikkinen et al., 2006). Whereas, Paramecium
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grown in 0.1% (w/v) SGCM at Day4 showed a 3.25-fold reduction in cell density compared with control. Because
sugarcane molasses mainly consists of fermentable sugars such as sucrose, glucose, fructose (approximately
50%), and non-sugar substances such as mineral and trace elements and bioactive compounds (Piasecka et al.,
2017; Cheah et al., 2018). These sugar substances are the agents of both nutritional and osmotic effects. So,
usage of high concentration sugarcane molasses is associated with numerous problems. Because it may induce
osmotic stress and affects many metabolism pathways (Prajer, 2005).

Our results are in line with the previous studies such that the optimal pH and temperature range for the
survival of P. caudatum is at pH 4.7-6.7 and 28-31 °C (Heydarnejad, 2008; Krenek, et al., 2011; Krenek, et al.,
2012). Several studies showed that the optimum temperature of P. caudatum is ranging mostly between 15 °C
and 25 °C. But P. caudatum inhabits the littoral zone of freshwater environments, which is affected by
atmospheric temperature changes, especially during the summer season. Therefore, organisms of these habitats
may exhibit higher optimum temperatures. P. caudatum mortality was 100% immediately when exposed to pH 4,
10.7, and 11.7 either in normoxic or hypoxic conditions. Moreover, pH and temperature are a major influence on
solubility and bioavailability of heavy metals and others in sediments (Li et al., 2013) and can affect the growth,
survival, and morphological changes of P. caudatum (Weisse & Stadler, 2006; Weisse et al., 2001; Lee, 1942;
Duncan et al., 2010; Krenek, et al., 2012). Moreover, the pH and temperature tolerance of P. caudatum depend
on the ranges of seasonal variation of pH and temperature at the Paramecium sampling points. Because the
change of these parameters causes different variations including chemical, physicochemical, and biological

processes.

Conclusions

From our results, we can conclude that the application of agricultural wastes in culture medium provided
positive results for the growth and biomass production of Paramecium. The combination medium (0.1 % (w/v)
SGCM, 1.0% (w/v) SB, and 1.0% (w/v) RS) is the new modification cultivation medium for isolation. These three
can be used as alternative cheap carbon and nitrogen sources in laboratory conditions and animal feed

production.
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