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Abstract: High lipid (fats and oils) concentration contain@dwastewater inhibits the activity of microbeshiological
wastewater treatment systems. The lipids degratatapability of lipid-degrading bacteria was invgsted for possible
application in treatment of lipids-contaminated teaster. One hundred and two bacterial isolates vigwlated from 43
vegetable oil- contaminated wastewater samplesasfyniood processing plants and restaurants intBagsof Can Tho city,
Vietnam on LB medium. There were sixty-one isolgexiuced clear zones on Tw20 medium, only ele¥evhah were found
to have the high ability to degrade vegetablerothie contaminated wastewater. These eleven isolaee identified by PCR
technique and DNA sequencing. The results of DNguseacing were compared with GenBank database ofl WgBLAT N
software. The sequences from selected isolatesezhbigh degrees of similarity to those of the GanBaeferences (between
97% and 99%). Two isolates belonged to Bacilli {886) and nine isolates belonged to Gammaproteatia{8i.82%). Based
on Pi value (nucleotide diversity), Gammaproteobaatgroup had the highest Theta values. Theta\aler sequence) from S
of SNP for DNA polymorphism were calculated for leagoup and 11 strains of lipid-degrading bactéad high genetic
diversity. The results propogeinetobacteria soktrain AL3 a potential bioproduct for wastewateatment because of its high
ability of lipid degradation and biosafety.

Keywor ds. AcinetobacteriaBacilli, Food Processing Plants and Restauripg Contaminated Wastewater,
Lipid Degradation, Vegetable Oil

1. Introduction

Fats, oils and greases (FOGs) are released into
environment together with wastewater derived friwen food
processing industry, restaurants and kitchens @cbidental
spill of oils [1]. More than 400.000 tons of lipabntaining
wastewater is discharged each year in Japan, and 5% of
this wastewater is from food industries and restais [2].
The main constituents of FOGs are animal fats auktable
oils. They also comprise a combination of glyceand free
fatty acids whenever hydrolysis has taken place T3je
wastewater often contains lipid such as edible anid
long-chain fatty acid [4]. Lipids present in wastder are
difficult to remove and degrade because they dfecudt to
dissolve in water and they are known to inhibit magtogenic

processes [5]. Lipid metabolism involves severadpst
including emulsifying and degradation. After degtioin
tRathway, lipid are brothen down into glycerol aathyfacid(s).
The fatty acid(s) are then converted to acetyl-@@’the beta
oxidation pathway and finally enter the TCA cyddogging
of wastewater pipes often occurs in lipid-contagnin
wastewater treatment systems due to the lipidsepten the
wastewater [6].

Many microorganisms isolated from soil and watengies
have the ability to catobolize and remove wastemgigls [7].
For environmental conservation, microbial functionave
been investigated with respect to their use in timga
lipid-containing wastewater [8][9]. Many studies vha
examined the microbial degradation of edible oil8][11]
and numerous microorganisms capable of degradinGs-O
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have been identified and may be potential candidébe 2.3.1solation of Lipid-Degrading Bacteria
bioaugmentation products. . . .

Can Tho city is located at the central of the Mek@relta, 1 €n Ml sample was incubated with 200 ml of the eirey
Vietnam with more than 1.3 million people livingsrdistricts  Medium in flask-250mL at 3¢ and 140 rpm for 72 h. After
and 4 towns. This city has many food processingisties, ncubation, 0.5 ml sample was spread on LB agasifogle
restaurants and canteens in universities and indimpnes to  €0lony isolation. Bacterial colonies were diffeiated bared
serve people, students and tourists. Thereforég guantity ©n the basis of colony morphology and pigmentation.
of wastewater is released everyday together withnapunt of ~ Colonies were subcultured on the agar-based subeult
lipids in wastewater. This accumulation of FOGs innedium plates by striking technique and re-incuthate30C

wastewater collection and hardline systems leattsyging of  OF 4 days. Subsequently, the isolates obtainingnfithe
drainpipes, appearance of unpleasant odour andgionrof ~ Screening medium were plated on Tw20 agar and ateakat
sewer pipers [12]. 30°C for 2 to 5 dgys. The isolates that had an c_)pamlle
The aims of this study were to (i) isolate thedipiegrading 2round the colonies were selected for further empsits.
bacteria from wastewater from food processing glamd This isolation process was carried out in shifts tbé
restaurants (ii) study characteristics of coloniisape and 2dar-based culture medium to the agar-based subeult
lipid-degradation index and (iii) investigate theengtic medium until monocultures were obtained. Monoceiur

diversity of lipid-degrading bacteria strains thetve high Were culture on the agar-based culture medium stattte

ability of lipid-degrading in wastewater. test-tube (12 ml) and incubated af@dor 4 days following
by stored 18C in refrigerator.
2. Materials and M ethods 2.4, Colony Characteristic and Microscopic Examination
2.1. Sample Collection The characteristics of colony such as size, color,

shape,...etc were determined in each group. Cell
morphologies of the isolates were observed usinticalp
microscopes and scanning electron microscopes.

Wastewater samples (1 litre/sample) were colleftech
wastewater drainage of many restaurants and caatefere
districts (Ninhkieu, Binhthuy, Cairang, Omon ancbirot) of
Can Tho city, Vietham from 10°01'57" N and from 2.5. Screening for Lipase Activity
105°47'03"” E. (Figure 1). After collection, thersples were

transferred immediately to the laboratory and thesre Step 1.Screening lipase activity of isolated isolates was
stored at &C. carried out by measuring a diameter of halo zooerat the
isolates

A circular well (6 mm diameter) was made in eacétepl
(Figure 2), filled with 10 pl bacterial culture irB medium,
incubated at 3. The diameter of each isolate was measured
in the following periods: 24h, 48h, 72h and 96h.

gy WA

Figure 1. The geographic map showing the locations (A,B,C)Bxamined
in this study, samples were collected at the figtridts (Ninhkieu, Binhthuy,
Cairang, Omon, Thotnot) of Can Tho city, Vietham

2.2. Culture Media and Growth Conditions Figure 2. The wells were made on Tw20 medium agar (A) antate
around well (B)
Isolation media was LB [13], the screening mediu]]

Tween20 agar medium [15]. The screening medium Step 2.Screening lipase activity of the selected isolates
supplemented with 1% cooking oil (Nakydaco Oil) thae step 1

natural substrate present in the wastewater frataueants. These isolates were cultured in LB medium, 10 notérgal
This medium was used in this present study to deteisolates were inoculated into 200 ml wastewateb@0-mL
lipid-degrading microoraganisms in the sample. Theeen plastic bottles, the treatments were incubated¥@ and 100

20 (Tw20)-screened isolates for degradation of iheural rpm in a week, lipid concentration in the treatnsemtere
pollutant (cooking oil) when supplied as the ontylion and measured by Adam Rose Gottlieb method at Advanced
energy source in order to select the isolates dtaat be Laboratory of Can Tho University. The experimentswa
effectively used. completely randomized design with 3 replicatesadans
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recorded and LSD test at P=0.01 was used to diffte isolates were analysed with SeqScape@Software i&ppl
between statistically different means using SPSSiwe 16. Biosystem, Foster City, CA, USA). SeqScape is aisrdge
comparison tool for variant identification, SNPatisery and
validation. It considers alignment depth, the beaés in each

Bacterial DNA was isolated following published pools  ©f the sequnces and the associated base qualiteszal
[16]: The following primers were used for PCR arfiplition ~ utative SNPs were accepted as true sequence teafidine
of 16S ribosomal DNA: 27F [17] and 1492R [18]. B&pL guallty value exceeded 20. It means a 1% chanoechkss
reaction mixture consisted of 2.5 U Tag Polymerasicorrect.

(Fermentas), 0.1 mM of each desoxynecleotide d@sphate, 5 g Nucleotide Diversity (0)

1.5 mM magnesium chloride, 0.4 mM spermidine (Sigrh@

pM of each primer (Fermentas) and 10 ng DNA, 108t/\ol) Nucleotide diversity @) was calculated by the method
dimethyl disulfide (Fermentas). The thermocycliygle was described by Halushka et al. [20]

carried out with an initial denaturation at°@5(3 min) n

followed by 30 cycles of denaturation at°@5 (30 s), O =K/l a =Y UG -1)

annealing at 5% (30 s), extension at 72 (90 s) and a final

extension at 7Z (4 min) in C1000 Thermal Cycler (Bio-Rad). Where K is the number of SNPs identified in an raiignt
Aliquots (10 pl) of PCR products were electropheteand length, n is alleles and L is the total length @dsence (bp).
visualized in 1% agarose gels using standard elglotiresis

procedures. Partial 16S rRNA gene of selectivelhiss was . .

sequenced by MACROGEN, Republic of Korea3' Results and Discussion

(dna.macrogen.com). Finally, 16S rRNA sequence hef taq Bacteria | solation, Colony Characteristic and

isolate was compared with that of other microorgars by Microscopic Examination

way BLAST; In the best isolate(s) (high ability of

lipid-degrading isolates) and 10 isolates of 43 gasmwere The lipid-degrading bacteria were developed in Tw20
chosen to sequence and the results were compared niedium as the previous results of Paparaskeva.ef24l
sequences of GenBank based on partial 16S rRNAesegs from the precipitation of free fatty acids with ciaim (giving
to show relationships between reference strains]. [19a white zone). The halo was used as an indicatiaietect the
Phylogenetic tree was constructed by the neightioifi)g  bacterial activity for degrading lipids and prochgilipase
method using the MEGA software version 6.06 basetit®0 enzymes (Table 1). Besides, Domerico et al. [22}eha
bootstraps. investigated diesel oil degrading bacteria isolafeom
Antarctic seawater and found that 90% of isolatas grown
both diesel oil and Tween 80.

The sequence date from 10 lipid-degrading bacterial

2.6. 16S rRNA Gene Amplification and Sequencing

2.7. SNPs Discovery

Table 1. Total number of isolates isolated from 5 district<Can Tho city, Vietham

Site (district) Number of wastewater I solate number wereisolated  |solate number wereisolated | solate number having
sample from LB medium from Tw20 medium* halo around well
Ninhkieu 8 20 5 3
Binhthuy 10 27 15 5
Cairang 13 25 12 3
Omon 6 15 14 0
Thotnot 6 15 15 0
Total 43 102 61 11

They developed very well on these media from 36¥48
30°C. Their colonies had round-shape, climy, smooth,:__
colourless or milk-color, yellow. Some colonies apped to
have much larger size (Figure 3). The cells wersenked by
SEM and appeared as rod (Figure 4). They had rapeshnd
most of them have motility.

Figure 3. The colonies of several lipid-degrading isolatesirwastewater (A)
and the isolates having halo around their colonies
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Table 2. The development of halo diameter (mm) from tHatise during 96
hours on the petri —dish agar

24 hour 48 hour 72 hour 96 hour
AL1 12.0 15.6 18.6 23.6
MT8 12.3 16.3 21.3 26.0
MT9 13.3 20.0 29.0 40.0
TADB1 11.3 21.3 32.2 35.3
TN4B 6.1 12.2 18.1 24.2
AL3 13.6 23.3 27.3 32.4
AL5 9.3 15.3 20.6 24.7
AL6 111 16.7 20.1 24.7
TD2.1 10.3 15.1 21.2 26.2
TD2.3 11.6 15.3 20.7 23.1
TD2.5 12.1 15.1 21.2 24.1

Table 3. Lipid concentration (mg/l) in wastewater after 7ydaincubation

Figure 4. Electron micrographs of cell with 11 isolates and control (measured by Adam Rasttlied method) on

3.2. Screening for Lipid-Degrading Activities shaker at 28
. ) o . No Site |solate Lipid concentration in wastewater
Among 102 isolates, 61 isolates had lipid-degradir (mglL)
activity. Only 10 isolates from 3 sites were chofmrfurther 01 Cairang  TD 2.1 1.694
study (Table 1). The strains made a halo aroundviks in 8; IB gg g-z%
petri agar. I§olates, AL3 and TN4B had bigger rdilometer 04 Ninhkieu ALL 0.094
than that of isolate TADB2 (Figure 5). 05 MT8 0.163
06 MT9 0.117
07  Binhthuy AL3 0.108
08 AL5 5.554
09 AL6 5.345
10 TN4B 0.104
11 TAD1 0.097
Control 13.486
LSD.01 0.546
C.V (%) 8.83
Figure5. The isolates made the halos around the wells rtraleof petri 3.3. 16SrRNA Gene Amplification and Sequencing

dishes
) - o - All of the 11 isolates were chosen for identificatiand the
The isolates had good ability of lipid degradation fragments of 1500 bp 16S rRNA (27F — 1492R) wettaiobd

wastewater in comparison with the control (Tablevith the  from PCR and sequencing (Table 4). They are ligigrdding
development of halo (big halo diameter) in 96 haamd the pcteria in wastewater.

disappearance of lipid in the wastewater in a w@akle 3).

Table 4. Phylogenetic affiliation of isolates on the basid6S rRNA genes sequences by using BLAST prograntheeGenBank database based on sequence
similarity

Taxonomic group and strain Closest speciesrelative Similarity (%)

Gammaproteobacteria

ALl Acinetobacter baumanniilARI-JR-51 (KF055001) 99
AL3 Acinetobacter solstrain KZ-1 (JX499235) 98
TD2.1 Acinetobacter ursingjistrain: MTCC 9826 (AB859677) 97
TD2.5 Acinetobacter septicustrain BA9 (FJ263921) 97
MT9 Acinetobacter bereziniatrain JDG127 (JX035952) 99
TADB1 Pseudomonas hibiscicofdrain R4-721 (JQ659711) 97
AL5 Aeromonas hydrophilatrain A-X2B (KJ806436) 99
AL6 Aeromonas medistrain JHS07 (GU205201) 99
TN4B Stenotrophomonas maltophilisolate AAIII-3 (LN558616) 99
Bacilli
TD2.3 Bacillus pumilusstrain ChST1.7 (JF935095) 99

MT8 Bacillus cereu®BT3ST4 (GU122949) 98
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Figure 6. Phylogenetic tree for partial 16S rRNA gene segesritom 11 isolates by using primers (27F, 1492®ing relationships between presented
strains along with related sequences retrieved f@@enBank. The numbers at the nods indicate théslefeootstrap support (%) based on a Neighboniigj
analysis of 100 re-sampled datasets. The scalénbérates the phylogenetic distance corresponding thanges per 100 bases.

The determination of nearest neighbor
sequences (for 16S rRNA gene sequences) of theoldtes
(by the BLAST search program) showed that they gedu
into two clusters (Figure 6). Cluster A divided twsonall
cluters: cluster A1 composed of cluster A11 wRhcillus
cereusMT8 andBacillus pumilusTD2.3; cluster A12 with
Acinetobacter usingiiTD2.1 and Acinetobacter septicus
TD2.5, and cluster A2 witAcinetobacter baumanALl and
Acinetobacter beneziniddT9.

phylogenetisegregating sites [23], and its standard devid&6).

These parameters were estimated by DNA Sequence
Polymorphism software version 4.0 [24]. Pi valuglained
nucleotide diversity of sequences for each gene;hilgher
values, the more diversity among. Proteobacteramthad
the highest values and Bacilli group had the lowedtes.
Theta values (per sequence) from S of SNP for DNA
polymorphism were calculated for each group and
lipid-degrading bacteria group had the high valesgecially

Cluster B comprised two clusters: Cluster B1 hae twdifferent nucleotides even though 11 straind weotated in

strainsPseudomonas hibiscicolBADB1 and Acinetobacter
soli AL3; Cluster B2 had two branches includiAgromonas
media AL6 and Aeromonas hydrophildAL together with

Stenophomonas maltophilBN4B. Three strains had close

relationship. This result showed that Gram-posithaeteria
(two strains Bacillus cereusand Bacillus pumiliy (in a

separate branch) and Gram-negative bacteria (with 1

bacterial strains) were clustered in different otas. Eleven
strain belonged to the class Bacilli
Gamma-Proteobacteria occupied 81.82% composing

genus Acinetobacter (55.55%), Aeromonas (22.22%),
Pseudomonas (11.11%) and  Stenotrophomonas
(11.11%)(Figure 7).

StendTop

hononas
Psadn® 4 14,
nas

Figure 7. The proportion of bacterial groups

wastewater from food processing plants and restésicd 3 in
5 districts of Can Tho city (Table 5).

Table 5. Genetic diversity of 11 strains

Nuclectide Theta (per site) Theta (per site)
diversity from Eta from S (0)
11 strains 0.72932 0.942+0.134 0.341+0.010
Primer 27F 5- AGA GTT TGATCC TGG CTC - 3

(18.18%) an_Primer 1492R 5 GGC TAC CTT TGT TAC GAC TT -3

OfRuis et al [25] isolated a straBacillus sp. CR-179 from

subtropical forest soil of Puerto Iguazu (Argentinehich
degraded lipid and polysaccaride in wastewater
El-Bestawy et al. [15]. Eight bacterial species avisolated
from vegetable oil and grease-contaminated indalstri
wastewater. However, only four of which were fouadave
the ability to degrade oil and grease in the coimated
wastewater. These isolates were identified accgrdio
morphological and biochemical profiles Bseudomonaand

E. coli (gram-negative bacteria) and Cappelo et al. [26]
identified two oil-degrading bacteria strains (BWWuid BW-2)
from Bilge water, were clustered wittcinetobactegenus (a
similarity of 100% and 99%, respectively). WhilegBuori et

al. [7] isolated a strain of bacteriuRaoultella planticola
strain 232-2 that is capable of efficiently catalzahg lipids
under acidic conditions such as in grease trapsstaurants

and

Nucleotide polymorphism can be measured by mangnd food processing plants. Furthermore, Suginmatildtsue

methods, for example, halotype (gene) diversityglentide
diversity, (Pi), Theta @) (per group) etc... In this study,
nucleotide diversity was estimated as Théta the number of

[4] also isolated two bacterial strains with higbgdadation
abilities at an alkaline pH from Japanese soil, as
Acinetobacterissp. strain SS-192 aftseudomonas aerunosa
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strains SS-219. Our results isolated and identified [6]
lipid-degrading bacterial strains with two groups:
Gammaproteobactera and Bacill. Gammaproteobacteria

composed oAcinetobacteria, Pseudomonas, Aeromoaas
Stenotrophomorsawith high ratio in comparison to Bacilli
with two species Racillus cereusand Bacillus pumilu¥
however these strains have been known as pathogenic
bacteria.

Based on bio-safety and high lipid degradationitgbithis
study selected a strain @xinetobacter solto evaluate its
ability on lipid degradation in wastewater in viad the big
volume in 100 or 1000-L containers.

[7]

(8]

9]

4. Conclusion

From 43 wastewater samples in food processing $kamd
restaurants in 5 districts of Can Tho city, Vietpah®2
isolates were isolated on LD medium and 61 isolatesw20
medium. Finally, 11 isolates having high lipid dedation
ability were chosen to analyse their relationshif ahey
showed that bacterial diversity was very high afid Strains
was suggested to produce bioproducts for lipid aldggion in
wastewater treatment in big models.

[10]

[11]
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