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Abstract— Rice-noodle wastewater represents a serious problem regarding environmental degradation and human health
protection. The aim of the study was to create the application of bioflocculant-producing bacteria, heterotrophic nitrogen-
removal bacteria, poly-phosphate bacteria and water hyacinth (Eichhornia crassipes) for wastewater treatment of My Tho
rice noodle factories, Tien Giang province, Vietnam in order to get an insight into number of entities that discharge polluted
water into environment. An experiment was carried out with containers having different capacities from 100-mL, 1-L, 10-L,
100-L and 1000-L and 3 replications to select best strains of bioflocculant-producing bacteria, heterotrophic nitrogen
bacteria, poly-P bacteria and water-hyacinth for removing toxic element to wastewater before releasing to river/canal.
Application of two bioflocculant-producing bacterial strains PO.01.C and PRO.03.B (protein and polysaccharide) into rice-
noodle wastewater, aeration in 3 hours, held on 21 hours, supernatant moved to other container, adding heterotrophic
nitrogen removal bacterial strain and poly-P. strain 064.B, aeration 8 hr/24hr during 7 days and wastewaters were
transferred other containers containing water-hyacinth (Eichhornia crassipes) in 2 days, the results recorded that pH of
wastewater increased from 4.68 to 6.13, TSS and BODs concentration of wastewater reduced from 369 and 1200 mg/L to 17
and 23 mg/L, respectively. TKN and TP decreased from 45 and 6.3 mg/L to 7.57 and 4.56 mg/L, respectively. All targets
reached to 40/2011 standard / Ministry of Natural Resource and Environment of Viet nam.

Keywords - Bioflocculant-producing bacteria, Heterotrophic Nitrogen Removal Bacteria, Poly-Phosphate bacteria, Rice-
noodle, wastewater, water-hyacinth.

l. INTRODUCTION

Rice noodles are the most consumed form of rice product next to cooked rice grain in Asia [1]. Noodles may either be served
by frying and mixing with vegetables and meats or served as a soup noodle by boiling in a broth. Rice protein lack gluten;
hence lack the functionality of continuous visco-elastic dough.

My Tho city, a city locates in the Mekong Delta, Vietnam, has many traditional technologies and “My Tho rice noodle” is
among famous technology for a long time. Rice noodle has been produced from special local rice variety and there are seven
manufacture factories have gathered in a cooperative and they have a “HU TIEU MY THO” trademark. However these
factories work in the traditional condition therefore they have no wastewater treatment plant and wastewater have irrigated to
canal or river directly. Especially wastewater from rice noodle factories contain many toxic elements as ammonium,
orthophosphate,... and high TN, TP, BODs, TSS concentrations [2].

Wastewater generated from these industries depicts wide variation in strength and characteristics. Variation due to the
amount of water usage, type of vegetable and fruits used type of product and different additives like salt, sugar, gelatin,
colors, oil and preservatives added also leads to the pollution load in the wastewater but this wastewater is non toxic in nature
because it comprises less hazardous compounds. Almost 50% of the water utilized in food processing industry is for washing
and rinsing purposes. Water being the primary ingredient is widely used as a cleaning agent in food processing industry [3].

After cellulose, starch is the second polysaccharide found in nature, produced by plants as reserve material. The main
cultivated actually plants for the starch industrially production are cereals, especially corn, followed by wheat and potato [4].
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Generally, rice noodles are made from flour containing high amylose concentration (> 22%), which contributes to the gel
network. It provides firm structure and desirable properties to noodle [1,5]. There is significant association found between
amylose and acceptability of rice noodles [6].

Physicochemical wastewater treatment is a frequently used technique in the area of wastewater treatment [3].
Physicochemical wastewater treatment techniques are applied for the removal of heavy metals, oils and greases, suspended
matter and emulgating organic substances, organic and inorganic components, difficult to decompose, non polar organic
substances, toxic pollutants or high salt concentrations, phosphorus [7].

Under food processing industry, Palm oil refining wastewater has been successfully treated by physicochemical treatment
using chitosan, alum and PAC and reported [8].

Flocculants are divided into inorganic flocculants such as aluminium sulfate (Alum) and polyaluminium chloride (PAC),
organic synthetic high polymer flocculants such as polyacrylamide (PAA) derivatives, polyacrylic acids and polyethylene
imine and naturally occurring bio-polymers flocculants such as chitosan, sodium alginate and microbial flocculants or
bioflocculant [9,10,11]. Bioflocculant is a kind of biodegradable macromolecular flocculant secreted by microorganisms.
Because of their biodegradability, harmlessness and lack of secondary pollution, bioflocculants have gained much wider
attention and research to date [12]. Most of research focused on screening for microorganisms, culture conditions,
mechanism of flocculation, chemical structure, and so on [13,14,15,16,17].

The aims of this study were (i) applying bioflocculant-producing bacteria to reduce organic and inorganic components, (total
suspended solids = TSS) (ii) using heteroytophic nitrogen removal bacteria and poly-phosphate bacteria to decrease total
kjeldahl nitrogen (TKN) and Total phosphorus (TP) and (iii) application of water hyacinth to remove or reduce (Bio-Oxygen
Demand) BODs concentration in wastewater reaching to 40:2011 standard of Ministry of Natural Resources and
Environment Vietnam.

1. MATERIALS AND METHODS
2.1  Materials

Wastewater from rice-noodle factories at My Tho city, Tien Giang province with characteristics as follows (Table 1)

TABLE 1
PH AND PHYSICAL AND CHEMICAL CHARACTERISTICS OF WASTEWATER FROM RICE NOODLE FACTORIES
OF MY THO CITY, TIEN GIANG PROVINCE, VIETNAM"

pH 4.13 3.84 4.68 55-9.0
Total kjeldahl nitrogen (TKN) (mg/L) 99.82 26.71 45,11 40
Total phosphorus (TP) (mg/L) 2.64 5.43 6.31 6
Total of Suspended solids (TSS) (mg/L) 4544 620 369 100
Biochemical Oxygen Demand (BODs) (mg/L) 6160 950 1200 50
Total Ammonium (TAN) (mg/L) 4.55 7.12 6.31 10

" data from Centre for Tegnique and Biotechnology, Tien Giang Science and Technology, Department.
*Ministry of Natural Resource and Environment
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2.1.1 Environmental bacteria:

»  Bioflocculant-producing bacteria: six strains as Bacillus subtilis PRO.01C, Bacillus subtilis PRO.03B, B. tequilensis
PRO.07.04, B. megaterium PRO.04.01, B. tequilensis PO.08A and Bacillus subtilis PO.03.05 [2] were grown in culture
media [18] (Deng et al.,) and [19], Hazana et al. separately.

»  Heterotrophic nitrogen-removal bacteria: as four strains: Bacillus altitudinis HNiO3DL, Stenotrophomonas maltophilia
HNa03C, Enterobacter hormaechei HAmMO5C, Achromobacter xylosoxidans HNa0O7B were grown in nitrogen medium
[20] and poly-phosphate bacteria: Bacillus megaterium POLY.P. 064B was grown in poly-P medium [21], the
heterotrophic nitrogen removal and poly-P bacterial strains were selected from previous experiments [2].

All of strains were contained in suitable containers as flasks 500-L or 2000-mL on rotary with 120 rpm in 24 h or 72 h, until
they reached to >10° CFU/ml and they were used as inoculation in all experiments.

2.2 Methods

Wastewater were used in these experiments from Mr. Truong Van Thuan’s rice noodle factory (in all experiments from 1-L,
10-L, 100-L and 1000-L) and pH, physical together with chemical in these experiments were presented in Table 1

2.2.1 Experiment layout

Wastewater was filtered through filterable equipment to deplete material having big size (>1 mm) out of wastewater.
2.2.1.1 Bioflocculant-producing bacteria

The aim of this experiment was selection of bacterial strain having high flocculation

2.2.1.2 Experiment 100-mL, 1-L and 10-L

A Experiment 100-mL.:

The experiment was completely randomized design with three replications, the treatment composed of control (without
bacteria) and the bioflocculant-producing (protein and/or polysaccharide) bacterial strains (Bacillus subtilis PRO.01C,
Bacillus subtilis PO.01C, B. tequilensis PRO.07.04, B. megaterium PRO.04.01, B. tequilensis PO.08A and Bacillus subtilis
PO.03.05).

Wastewater were distributed in the flask-250 mL containing 100 ml wastewater, inoculated 0.1 ml bacterial inoculation,
adjusted pH=7; put the flasks on the rotary, 60 rpm in 60 sec, after that these flasks were hold on in 1 hour, supernants of
each flask were measured flocculating activity. The good bioflocculant-producing (protein or/and polysaccharide) bacterial
strains were selected for the next experiment.

B. Experiment 1-L:

The experiment was completely randomized design with three replications, the treatment composed of control (without
bacteria) and bioflocculant-producing (protein or/and polysaccharide) bacterial strains

Wastewater were distributed in the flask-2000 mL containing 1000 ml wastewater, inoculated 1 ml bacterial inoculation,
adjusted pH=7; put the flasks on the rotary, 60 rpm in 60 sec, after that these flasks were hold on in 1 hour, supernants of
each flask were measured flocculating activity. The good bioflocculant-producing (protein or/and polysaccharide) bacterial
strains were selected for the next experiment.

C. Experiment 10-L:

The experiment was completely randomized design with three replications, the treatment composed of control (without
bacteria) and bioflocculant-producing (protein or/and polysaccharide) bacterial strains.

Wastewater were distributed in the container 20-Litre containing 10 liters wastewater, inoculated 10 ml bacterial inoculation,
adjusted pH=7; put the flasks on the rotary, 60 rpm in 60 sec, after that these flasks were hold on in 1 hour, supernants of
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each flask were measured flocculating activity. The good bioflocculant-producing (protein or/and polysaccharide) bacterial
strains were selected for the 100-L and 1000-L experiments.

2.2.1.3 Heterotrophic nitrogen removal bacteria and poly-P bacteria
The aim of this experiment was selecting of best heterotrophic nitrogen removal bacterial strains
A Experiment 1-L:

The experiment was completely randomized design with three replications, the treatment composed of control (without
bacteria) and heterotrophic nitrogen removal bacterial strains as Bacillus altitudinis HNiO3DL, Stenotrophomonas
maltophilia HNaO3C, Enterobacter hormaechei HAMO5C, Achromobacter xylosoxidans HNaO7B [2]. The experiment was
done in 3 days, aeration.

In the poly-P bacteria, the experiment composed of control and Bacillus megaterium POLY.P. 064B, with and without
aeration, it was done 3 days with three replications.

Ammonium and Orthophosphate were measured by color metric method.
B. Experiment 100-L:

The experiment was completely randomized design with three replications, each treatment was a container 120-litre
containing 100 liters wastewater. The experiment divided two stages:

»  wastewater treated with bioflocculant-producing bacteria (as described above)
»  supernatant treated with heterotrophic nitrogen removal bacteria and poly-P bacteria

Wastewater added with selected bioflocculant-producing bacteria from experiment 10-L of bioflocculant-producing bacteria,
inoculated 100 ml bacterial inoculation, adjusted pH=7; aeration by air-pump in 1 hour, after that these containers were hold
on in 3 hours, supernatants of each container were transferred to another container, added 50 ml selected heterotrophic
nitrogen removal bacteria and 50 ml poly-P bacteria strains from result of experiment 1-L heterotrophic nitrogen removal
bacteria and poly-P bacteria, aeration 8/24 h during 4 days (see flowchart) (Figure 1).

C. Experiment 1000-L

The experiment was the same as the experiment 1000-L but container 1200-litre containing 1000 litres wastewater, aeration
in 3 hours and held on 21 hours, supernatants of each container were transferred to another container, added 500 ml selected
heterotrophic nitrogen removal bacteria and 500 ml poly-P bacteria strains from result of experiment 1-L heterotrophic
nitrogen removal bacteria and poly-P bacteria, aeration 8/24 h (two times per day, 4 hours in the morning and 4 hours in the
afternoon) during 7 days and wastewaters were transferred other containers containing water-hyacinth (Eichhornia crassipes)
in 2 days and water samples were collected to measured ammonium, orthophosphate, TKN, TP, TSS, BODs and pH (see
flowchart).

2.2.2 Analytical methods

Flocculation was determined by measuring the absorbance of the upper phase of suspension at 550 nm. A control experiment
using 0.5 ml of distilled water was used instead of the cultures broth was added to the suspension performed in the same
manner and the absorbance was measured. Determination of the flocculating activity and flocculation rate was determined
using following formula [19].

Flocculating activity = (1/A -1/B) Q)
Flocculation rate (%) = B — A x 100/B 2
A = absorbance of the samples

B = absorbance of the control
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NH,*-N (Colometric method or Phenol nitroprusside method) [22], BODs, Orthophosphate (Colormetric method), TP, TKN
and pH (pH meter) were determined by Advanced Analyses Laboratory, Can Tho University, Viet Nam.

Selected Bioflocculant-producing
bacterial strains

Wastewater Selected heterotr_ophlc nitrogen
removal bacteria and Poly-P
l bacterial strains
\ 4
added 0.1% selected
bioflocculant-producing
bacterial strains
Added 0.1% selected
‘L heterotrophic nitrogen
Aeration in 1 hours by air-pump removal and Poly-P
. bacterial strains
Held on in 3 hours
Transferred v
supernatant to Supernatant in new container
another container > Aeration 8/24 hours
in 4 days
A 4
v Water was transferred to container having water
Control hyacinth (Eichhornia crassipes) in 24 hours in
experiment 1000-L
\ 4 \ 4 \ 4

Samples were collected to measured ammonium, orthophosphate, TKN, TP, BODsand pH

FIGURE 1. Flowchart presented the process of application bacteria and water-hyacinth for rice noodle
wastewater treatment

2.2.3 Statistical Analysis

The experiment was analyzed as a two-way ANOVA with the isolates and with levels of flocculating rate (%), N as
ammonium, P as orthophosphate. All analyses were conducted using the programme MSTATC, Minitab 16. The data were
considered significantly different at P<0.01.

1. RESULTS AND DISCUSSION

3.1  Bioflocculant-producing bacteria
3.1.1 100-mL experiment, 1-L and 10-L experiments

The result from figure 2 showed that strains as PRO.07.04, PRO.01.C and PRO.03.B were the best polysaccaride-producing
bacterial strains, and PO.01.C was the best protein-producing bacterial strain in comparison to 2 other strains. Combination
of two strains [PRO.03.B + PO.01.C] had the highest flocculant rate (%) in comparison to two other combinations (Figure 3).
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FIGURE 3. Ability of flocculant activity of combination of
2 bioflocculant-producing bacterial strains in rice-noodle
wastewater

This combination [PR0O.03.B + PO.01.C] applied in wastewater in 1-L and 10-L containers gave good results (Figure 4).
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FIGURE 4. Ability of two flocculant- producing bacterial strains PR0O.03.B + PO.01.C in the rice-noodle wastewater
The mixture of two strains [PRO.03.B + PO.01.C] was used in the next experiment.

3.2 Heterotrophic nitrogen removal bacteria and poly-P bacteria

3.2.1 Experiment 1-L:

The results from Figure 5 and Figure 6 showed that HNaO3C strain reduced ammonium and orthophosphate concentrations in
rice-noodle wastewater better than other strains after 3 days aeration continuously.
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In aeration condition, poly-P 064.B strain reduced ammonium and orthophosphate concentrations in rice-noodle wastewater
clearly in comparison to without aeration and control (without bacteria) (Figure 7 and Figure 8).

Therefore, two strains, HNa03C and poly-P 064.B were chosen to use to next experiment.

-
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FIGURE 7. Effects of poly-P bacteria on ammonium FIGURE 8. Effects of poly-P bacteria on orthophosphate
concentration (mg/L) in rice-noodle wastewater concentration (mg/L) in rice-noodle wastewater

3.2.2 Experiment 100-L:

The result from Table 2 showed that pH of wastewater at initial stage was 3.84 and in control treatment (without bacteria) pH
of wastewater increased to 4.61 but adding bioflocculant-producing bacteria and heterotrophic nitrogen removal, poly-P
bacteria into wastewater supported pH of wastewater. Total of Suspended Solids (TSS) and Biochemical Oxygen Demand
(BODs) in wastewater were very high (620 and 950 mg/L, respectively) and TSS and BODs concentration wastewater
reduced strongly after 4 days especially in bacterial application treatment, BODs concentration wastewater decreased down
one third (in comparison to initial stage). Total Kjeldahl Nitorgen (TKN) in wastewater decreased but total phosphorus (TP)
in wastewater increased.

TABLE 2
EFFECTS OF BIOFLOCCULANT-PRODUCING BACTERIA AND HETEROTROPHIC NITROGEN REMOVAL, POLY-P
BACTERIA ON PH AND PHYSICAL AND CHEMICAL OF RICE-NOODLE WASTEWATER

pH 3.84 4.61 6.02 30.56

Total of Suspended Sodids (TSS) mg/L 620 58 55 510.00

Biological Oxygen Demand (BODs) mg/L 950 450 300 216.66

Total Kjeldahl Nitrogen (TKN) mg/L 26.7 11.1 10.5 154.26
Total Phosphorus (TP) mg/L 5.4 6.2 17.6 -

*bioflocculant-producing bacteria and heterotrophic nitrogen removal, poly-P bacteria
3.2.3 Experiment 1000-L

pH of wastewater in bacteria treatment increased strongly through bioflocculant-producing bacteria stage and heterotrophic
nitrogen removal, poly-P bacteria stage from 4.89 to 6.98, after that pH of wastewater reduced slowly (to 6.13) while pH
wastewater in control treatment also increased to 5.71 (Figure 9). BODs concentration of wastewater in bacteria treatment
reduced strongly in two stages (bioflocculant-producing bacteria and nitrogen removal & poly-P bacteria) (more than 2.4
times compared to initial), in water-hyacinth stage, after that BODs concentration of wastewater almost did not change. In
control treatment, BODs concentration only reduced in nitrogen removal and poly-P bacteria stage (Figure 10). The same as
BOD:s case, TSS concentration of wastewater also only reduced strongly in bacteria stage (more than 23.6 times compared to
initial).
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FIGURE 9. Effects of bacteria and water hyacinth ~ FIGURE 10. Effects of bacteria and water hyacinth on TSS and
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Application of bacteria in rice-noodle wastewater, TKN concentration of wastewater reduced during 3 stages while TKN
concentration of wastewater in control treatment increased in all stages (from 45 mg/L decreased to 7.57 mg/L (reduced
49.44%). Applying bioflocculant-producing bacteria decreased TP concentration of wastewater but adding heterotrophic
nitrogen removal, poly-P bacteria increased TP concentration and TP concentration only reduced when wastewater moved
into container containing water-hyacinth (in 2 days). On the contrary, TP concentration on wastewater of control treatment
only enhanced during 3 stages (from 6.3 decreased to 4.76 mg/L, reduced 32.35%) (Figure 11).
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FIGURE 11. Effects of bacteria and water-hyacinth on TKN and TP concentrations of rice-noodle wastewater

Rice-noodle has been used for Thai cooking [23] and many countries in Asia (7). According to Pimpa [23], the manufacture
of noodle using rice starch as a raw material produces a large volume of wastewater. The wastewater causes a considerable
disposal or treatment problem because of its high biological oxygen demand (BOD) and total suspended solids (TSS).

After cellulose, starch is the second polysaccharide found in nature, produced by plants as reserve material. The main
cultivated actually plants for the starch industrially production are cereals, especially corn, followed by wheat and potato
[24]. Russ and Meyer-Pittroff, [25] recommend to appreciate the food waste by measuring the specific amount of waste
production and determining the “specific waste index” which represent the mass of accumulated waste divided by the mass
of the saleable product. Mironescu [26] recognized that starch and protein in wastewaters at potatoes processing worked for
pH of wastewater decreased by fermentation of lactic bacteria. In rice-noodle processing, soaking rice for a long time is
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essential for producing naturally fermented rice-noodles. During this procedure, rice is soaked not only to absorb water, but
also to allow natural fermentation to occur. Fermentation is facilitated by various microbes, especially lactic acid bacteria
(LAB) [27] and yeast [28].

The effect of LAB and other bacteria during fermentation is a decrease in pH. The rice and soaking water have an initial pH
of 7 (neutral) and this decrease to a pH of 4 when fermentation is complete [27] and in this study, pH of the supernatant
decreased to 4.68 after 24 hr or 4.13 and 3.48 after 48 hr (Table 1). The main organic acids in the supernatant were lactic acid
and acetic acid; Lactic acid was predominant [27], this indicated that some of the LAB involved were heterofermentative
[29], pH of supernatant (or wastewater) will be good medium for heterotrophic bacteria releasing H,S (a kind of not available

gas).

Bioflocculant is a kind of biodegradable macromolecular flocculant secreted by microorganisms. Because of their
biodegradability, harmlessness and lack of secondary pollution, bioflocculants have gained much wider attention and
research to date (12). The actual application of this bioflocculant in rice noodle wastewater dewatering was investigated
under a variety of conditions. Bioflocculants are widely useful in the treatment of water and wastewater, in downstream
processing, and in processing of food and chemicals (30). In this study, application of bioflocculant-producing bacteria into
rice-noodle wastewater supported organic matter solids as starch and/or protein precipitating down bottom. Gong et al. [31]
observed that flocculating activity (%) reached to over 80% when pH of food wastewater (as meat, brewery, soy sauce
brewing and river wastewater) was over 6.0 at 36 hr time with Serratia ficaria SF-1 strain. This led TSS concentration in
wastewater decreased strongly (Figure 10) and pH of wastewater increased (Figure 9) and this result also helped
heterotrophic nitrogen removal bacteria and poly-P bacteria acting effectively to remove nitrogen and orthophosphate out of
wastewater (Figure 11). Besides, BODs concentration reduced strongly due to the good action of the group bacteria
effectively (Figure 10).

Bacteria with the ability of simultaneous heterotrophic nitrification and aerobic denitrification have been reported
periodically [32]. Thus, the conventional nitrogen removal with the cooperation of different microorganisms under different
conditions has been challenged. Ample literatures have been published on different strains such as Pseudomonas stutzeri,
Alcaligenes faecalis, Paracoccus denitrificans and Thiosphaera pantotropha [33-35]. This kind of bacteria may have the
potential to overcome the problems inherent in the conventional nitrogen removal process. The studies on heterotrophic
nitrification and aerobic denitrification have focused on a low ammonium concentration that is discharged from domestic
wastewater, and research on the treatment of high-strength ammonium wastewater is rare [36].

Alcaligenes faecalis strain No.4, which has heterotrophic nitrification and aerobic denitrification abilities, was used to treat
actual piggery wastewater containing high-strength ammonium under aerobic conditions. In a continuous experiment using a
solids-free wastewater (SFW) mixed with feces, almost all of the 2000 NH,*-N mg/L and 12,000 COD mg/L in the
wastewater was removed and the ammonium removal rate was approximately 30 mg—N/L/h, which was 5-10 times higher
than the rates achieved by other bacteria with the same abilities. The denitrification ratio was more than 65% of removed
NH, "N, indicating that strain No.4 exhibited its heterotrophic nitrification and aerobic denitrification abilities in the piggery
wastewater [37].

Application of Pseudomonas stutzeri and Acinetobacter lwoffii to remove ammonia in wastewater of biowaste was carried
out to evaluate their ability of ammonia removal at different concentrations with and without aeration condition in laboratory
condition. The results showed that these species had ammonia removal ability effectively at both 50 mg/l and 100 mg/I
ammonia concentrations. Pseudomonas stutzeri strain D3b and Acinetobacter Iwoffii strain TN7 are the best bacterial species
to remove ammonia. Besides that, both of species removed ammonia in aeration condition better than non-aeration condition.
In three days, the ammonia removal efficiency of Pseudomonas stutzeri strain D3b were 97.2% and 98.57% and
Acinetobacter Iwoffii strain TN7 were 96.32% and 98.31% in 50 mg/l and 100 mg/l ammonia concentrations in wastewater
of biowaste, respectively [38].
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V. CONCLUSION

Application of bioflocculant-producing bacteria, heterotrophic nitrogen removal bacteria, poly-P bacteria and water-hyacinth
treated My Tho rice-noodle wastewater effectively and safety.

pH 4.89 571 6.13 55-9.0
Total of Suspended Sodids (TSS) mg/L 369 31 17 100
Biological Oxygen Demand (BODs) mg/L 1200 200 23 50
Total Kjeldahl Nitrogen (TKN) mg/L 45.0 120 7.57 40
Total Phosphorus (TP) mg/L 6.3 7.57 4.76 6.0
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