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Ammonia in the aquatic environment is one major problem that leads
to damage in aquaculture. Ammonia is toxic to all vertebrates causing
convulsions, coma and death. The isolation and selection of the local
nitrifying bacteria are expected as a solution to reduce ammonia
concentration and improve water quality. This study aimed to isolate
and identify bacteria in Quang Ninh, Hai Phong provice as the
candidate to reduce ammonia. Bacteria were isolated in a selected
liquid enrichment medium and identified by biochemical tests also
molecular analysis of the 16S rRNA gene sequence. The result was
isolated and selected eight nitrifying bacteria that have a high
potential for application in aquaculture water treatment. By BLAST
software on NCBI, 16S rRNA gene sequences of isolated nitrate
bacteria were compared with bacterial strains on GenBank.The results
showed that the identification was over 96.71% compared with the
sequences on the Genbank. Nitrifying bacteria species were isolated
include: Nitrosomonas marina, Nitrosomonas nitrosa, Nitrosomonas
aesturii... in which, there are 2 characteristic species of bacteria,
Nitrosomonas europaea and Nitrobacter Winogradsky.
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Ammonia trong méi trudng nuéc la mot trong nhing van dé chinh
dan dén thiét hai trong nudi trong thuy san. Ammonia la chét doc dbi
VGi tit ca cac dong vat cé xuwong séng, ammonia 1a nguyén nhan gay
co giat, hén mé va tir vong. Qué trinh phan Iap va tuyén chon cac vi
khuan nitrate héa ban dia dwoc hy vong la giai phap lam giam nong
d6 ammonia va cai thién chat lugng nudc. Nghién ctru nay da phan
lap va xac dinh dwoc cac vi khuan & Quang Ninh, Hai Phong dé khir
ammonia. Vi khuan phan lap trong méi trudng chon loc duge dinh
danh bang phwong phap hoa sinh va phan tich trinh ty gen 16S
rRNA. Két qua da phan 1ap va tuyén chon dwoc 8 loai vi khuéan
nitrate ¢6 tiém nang tng dung xir 1y nude trong nudi trong thuy san.
Bang phan mém BLAST trén NCBI, trinh tu gen 16S rRNA cua cAc vi
khuan nitrate phan lap dwoc so séanh véi cac chang vi khuan trén
GenBank. Két qua cho thiy, ty 1& trong dong déu dat hon 96,71% so véi
céc trinh tw gdc trén ngan hang gen thé gisi. Cac loai vi khuan nitrate hda
duoc phan lap bao gom: Nitrosomonas marina, Nitrosomonas nitrosa,
Nitrosomonas aesturii... trong d6 c6 2 loai vi khuan dic trung nhét la
Nitrosomonas europaea va Nitrobacter Winogradskyi.
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1. Giéi thigu

Trong nudi trdng thuy hai san, ammonia c6 ngudn gbc chu yéu tir thire an, chit thai cua sinh
vat va tir su phan huy cac chat hiru co cua vi sinh vat. Nong do ammonia ¢6 xu huéng ting khi
luong thire an ting 1én d¢ dap Gng nhu cau cho céc loai thuy san. Méi trudng s& bi 6 nhiém néu
ammonia duoc thai truc tiép vao méi truong ma khong qua qua trinh xur 1y [1]. Céc loai dong vét
thuy sinh ciing nhu céc loai thuy san c6 nguy co maC bénh va c6 thé chét néu bi ngo doc khi NHs
[2]. Di Véi cac loai dong vat co xuong song, néu tiép xuc lau véi ammonia cé thé gay co giat,
hon mé va co thé din dén chét. Bén canh cac tac hai gay ngo doc voi dong vat, ammonia con gay
mét can bang hé sinh théi do kich thich sy phét trién manh cua tao (su né hoa cia tao). Trong tu
nhién ton tai cac nhom vi khuan nitrate hoa va vi khuan oxy hoa ammonia, day 1 nhitng nhom vi
khuan chinh c6 vai trd chuyén hoa ammonia [3]. Qué trinh oxy hod ammonia thanh nitrit, sau d6
nitrit bi oxy hoa thanh nitrate. Trong diéu kién moi truong ty nhién, mat do nhom vi khuan nitrate
hoa thuong thap (khoang 102- 108 té bao/ml) so véi mat d6 vi khuan tong s6 (10° -10° té bao/ml).
Bén canh d6, vi khuan nitrate hoa thuong c6 téc do sinh trueéng cham, thoi gian thé hé dai (12 -
32 gio), kha ning sinh trueéng va phat trién cham, kha ning canh tranh so véi cac nhom vi khuan
khac kém. Vi vay, qua trinh phan 1ap va lam giau cac vi khuan tir moi truong tu nhién la mot
hudng dé xu 1y méi truong 6 nhidm ammonia. Nam 1890, Winogradskyi lan dau tién mo ta vi
khuan nitrate hoa [4]. Nam 2016, Karthik va cong su sir dung két hop ché pham probiotic va vi
khuan nitrate hoa 1am giam néng d6 ammoniac va ting ty 1& song cua tom [5]. Nam 2005,
Alleman va Preston ciing nghién ciru nhdm vi khuan nitrate hoa, két qua cho thiy day 1a nhom vi
khuan hiéu khi, tw dudng bat budc [6]. Nghién ciu nay gép phan phan lap, 1am giau va tuyén
chon cac nhom vi khuan oxy ho4 ammonia ban dia tir méi truong ty nhién thugc 2 tinh Quang
Ninh va Hai Phong nhim tao bo suu tap chung giéng phuc vu cho viéc xir ly 6 nhiém ammonia
trong céc ao, hd nudi thuy hai san.

2. Phuong phap nghién ciru
2.1. Vit ligu nghién ciru

~Mau phan tich: Mau nudc phén tich thu tai hai tinh 12 Quang Ninh (diém thu mAu tai c&c huyén
bam Ha, Hai Ha, Tién Yén, Van Bon) va Hai Phong (diém thu mau tai Cat Ba va Bo Son).

2.2. Phwong phdp nghién curu
Phwong phap thu miu: Mau dugc thu va bao quan theo TCVN 6663-1: 2011 (ISO 5667-1:

2008h vaalthVINABA3-9i RN SPRET 52008t do vi khudn nitrate hoa duoc xéac dinh bang
phuong phap da éng (MPN) [7]. Chuan bi méi truong Winogradskyi ((thanh phan méi truong:
nuéc bién 1000 ml, MgS04.7H,0 25 mg/l, K:HPO, 50 mg/l, FeS0O4.7H.0 20 mg/l, NH4CI 3,82
mg/l, CaCOs 1000 mg/l) & pH=8 duroc tiét trung 121°C trong 20 phut mai trudng dugc phan phdi
9 ml vao day ong nghiém. Cay 1 ml dich mau vao éng nghi¢m va nuoi lic 90 vong/ phut ¢ phong
ti. Sau 15 ngay nudi cay, tién hanh kiém tra nitrit trong céc 6ng nghiém dé ghi nhan éng duong
tinh véi vi khuan oxy h6a ammonia.

Lam giau quan x& vi khuin oxy h6a ammonia: Chon méu vat c6 mat d6 vi khuan oxy héa
ammonia cao nudi trong cac binh tam gi4c chtra 250 ml méi trudng Winogradskyi, trong diéu
kién lac 90 vong/ phdt, trong tdi. Thudng xuyén lay mau phan tich pH, luong co chat tiéu thy va
bé sung kiém, co chét cho quan x4 tiéu thy.

Phan Iap va thuin khiét cac chiing vi khuin nitrate héa: Mau da lam giau dwoc nudi ciy
trén dia thach hozc ban silicagel c6 b6 sung méi trudng Winogradskyi [8]. Sau khi phan lap duoc
céc chung vi khuan nitrate hoa thuan khiét s& tién hanh phan tich cac dic diém hinh thai bang
nhudm té bao [9], sinh hda [10] va giai trinh tu gen 16S rRNA.
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Phuwong phap xac dinh hoat tinh cia cac chiing vi khuan nitrate hoa: Hoat tinh oxy héa
amoni bang ham luong amoni mat di va nitrit tao thanh. Xac dinh ham lugng amoni theo phurong
phap Nessler, ham luong nitrit theo phuong phap Griss, nitrate theo phuong phép trac quan véi
thudc thir acid phenoldisunfonic [11], [12].

Pinh danh vi khuin nitrate héa bing gen 16S rRNA: Nhiing dong vi khuan c6 d¢ hitu hiéu
cao duoc chon dé nhan dién bang cach thuc hién cac phan ing PCR dé xac dinh gen 16S rRNA
st dung cip mdi 27F  (5-AGAGTTTGATCATGGCT-3) va 1492R (5
TACGGTTACCTTGTTACGACTT-3'); san pham PCR s¢& dién di trén gel agarose 0,8% va phd
dién di san pham PCR dugc chup hinh véi thang DNA 100 bp sau d6 duoc giai trinh ty & cong ty
MACROGEN (Han Qudc), két qua trinh ty duoc so sanh véi dong vi khuan chuan ¢ ngan hang
dir liéu cua NCBI bang phan mém BLAST dé nhan dién dong vi khuan dwoc giai trinh tu gen
16S rRNA.

3. Két qua va ban luan
3.1. Pdnh gid mdt dj vi khudn nitrate hoa ¢ khu veec nghién ciru

Vi khuan oxy héa ammonia tai cac khu vuc nghién ctru duoc nudi cay va xéac dinh sb luong
trong moi treong long tinh theo phuong phap MPN. Két qua dugc thé hién ¢ bang 1.
Bang 1. Két qua do vi khuan oxy héa ammonia tai khu vic nghién citu
(don vi: MPN/ml)

STT Tén miu Tang mit Tang day
1 bam Ha 01 4,60.10? 4,40.10!
2 Pim Ha 02 2,60.102 1,20.10!
3 Hai Ha 01 5,40.10? 1,20.102
4 Hai Ha 02 1,00.102 0,00.10°
5 Tién Yén 01 7,60.102 2,40.102
6 Tién Yén 02 4,40.10? 3,60.10!
7 Van Bdn 01 3,00.102 2,40.10t
8 Van Dén 02 1,20.102 4,00.10°
9 Do Son 01 1,20.102 3,60.102
10 Do Son 02 4,30.102 7,20.101
11 Cat Ba 01 3,40.102 1,20.10!
12 Céat Ba 02 1,20.102 4,00.10°

Két qua bang 1 cho thay, mat do vi khuan oxy hod ammonia tai cac diém thu mau nam trong
khoang 4,00 dén 7,60.102 MPN/mI. Tai cac diém thu mau, ting mat c6 mat do vi khuan oxy héa
ammonia cao hon so véi tang day. Nguyén nhan cua van dé nay la do nhém vi khuan oxy hoa
ammonia da s6 1a vi khuan hiéu khi, tw dudng bit budc. Mat do vi khuan oxy héa ammonia &
tang mat dao dong trong khoang 1,20.102 ¢én 7,60.102 MPN/ml. Déi voi ting mat, diém lay mau
Tién Yén 01 c6 mat do vi khuan oxy h6a ammonia cao nhét (dat 7,60.10%), thap nhét 1a diém Hai
Ha 02 (1,00.10%). Mat do nhom vi khuan oxy hda ammonia ¢ tang day dao dong trong khoang
4,00 dén 3,60.102 MPN/ml. Biém lay mau D6 Son 01 c6 mat do vi khuan oxy hda ammonia cao
nht (3,60.10%) va diém lay mau Cét Ba 02 c6 mat do vi khuan oxy héa ammonia 1a thap nhat
(4,00.10°).

3.2. Két qud lam giau quan x& vi khudn oxy h6a ammonia c6 hogt tinh cao

Ba quan xa vi khuan oxy hoa ammonia dugc chon loc ¢ hoat tinh tét nhat (Hai Ha 01, P
Son 01, Tién Yén 01) dugc nudi ting sinh, két qua nudi dugc thé hién trong bang 2.

Qua bang 2 ta thy, vi khuin oxy hoa ammonia dat lwong tiéu thu co chat Ién nhat vao ngay
16 dao dong trong khoang 3,38-4,05 mg/l. Ngay 17 lugng co chét tiéu thu giam dao dong khoang
3,37 -3,95 mg/l. Luong nitrit tao thanh dat gi4 tri thip nhit sau 12 dén 15 ngay nudi twong ung
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Vi thoi gian luong co chat tidu thu nhiéu nhat. Nhung dén giai doan tir sau 16, 17 ngay nudi cay
thdy xuat hién luong nitrit dao dong trong khoang 0,18 dén 0,37 mg/l. Diéu d6 cho thay la trong
quan xa vi khuan oxy h6a ammonia c6 su xuat hién ciia nhém vi khuan oxy nitrit va phat trién
cham hon do hai nhém vi khuan nay déu thuoc nhém vi khuan nitrate hda. San pham cua qua
trinh nitrit hoa 1a chat tham gia trong qué trinh nitrate hoa, qua trinh nitrate héa dién ra cham hon
qua trinh nitrit hoa. Vi vay c6 thé phan lap dugc nhém vi khuan nitrate hda trong cing mot loai
moi trudng.
Bang 2. Két qua qud trinh nudi ting sinh vi khudn oxy héa ammonia
(don vi: mg/l)

Thoi Hai Ha 01 Do Son 01 TiénYén 01

gian [NH4*] [NO2*] [NH4*] [NO2*] [NH4*] [NO2"]

nubi tiéu thu do dugc tiéu thu do dwgc tiéu thu do duoc
0 ngay 0,00 0,00 0,00 0,00 0,00 0,00
5 ngay 0,40 0,07 0,45 0,06 0,36 0,75
8 ngay 0,78 0,04 0,88 0,02 0,62 0,45
10 ngay 1,10 0,02 1,25 0,00 0,87 0,25
11 ngay 1,52 0,01 1,60 0,00 1,15 0,13
12 ngay 2,05 0,00 2,21 0,00 1,57 0,00
13 ngay 2,52 0,00 2,68 0,00 1,85 0,00
14 ngay 3,02 0,00 3,22 0,00 2,25 0,00
15 ngay 3,70 0,00 3,90 0,00 3,27 0,00
16 ngay 4,00 0,27 4,05 0,18 3,38 0,30
17 ngay 3,80 0,35 3,95 0,20 3,00 0,37

3.3. Két qud phan ldp vi khudn oxy h6a ammonia bdn dia

Bing 3. Két qua phan Idp cac chung vi khudn oxy héa ammonia

Tén miu Moi truong Kihi¢u khuan Pic diém khuan lac
phén lap lac
H1W Tron, trang, bé mat lang, d=1mm
Hai Ha Ty dudng H2W Tron, mau vang, bé mit lang, d= 2mm
301 H3W Khéng tron, mau vang, bé mat gé ghé, d=1,5mm
Silicagel H4S Mau vang héa nau
g H5S Mau tring, hoi gd ghé
Khéng tron, mau vang, bé mat go ghé, an sau xuong
D1W A
Tu dudn thach, d=2mm
wduong D2W Khong tron, tring, bé mat go ghé, lan rong , d= 2mm
Do Son D3W Tron, tring, bé mat nhin, d= 2mm
01 D4S Mau trang, mat hoi go ghé
Silicagel D5S Mau trang, nhot
9 D6S Mau vang nhat
D7S Mau vang, mat nhat
T1W Tron, trong sudt, nhan, nhét, d= 1,2mm
T2W Tron, tring duc, mat nhin, d= 1mm
Tu dusn T3W Tron, tim duc, ria mang nham,d= 0,75mm
A Ua j g T4W Khong tron, tring, mat nham, d= 1,3mm
Tién Yén \ o . PN S PO N
Tron, mat nhdm go ghé, mau trang bé mat dang hinh
01 TSW A
cay, d=1mm
T6S Mau trang, mat hoi go ghé
Silicagel T7S Mau trang, nhét
T8S Mau vang, hoi g6 ghé
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Sau khi thu thap mau ¢ 12 khu vuc va phan lap vi khuan oxy héa ammonia trén méi truong
Winogradskyi Agar va Ban gel Silica Winogradskyi, két qua cho thiy c¢6 3 mau cd tiém ning
nitrit hoa tét nhat duoc tuyén chon. Trong d6, mau Hai Ha 01 phan lap duoc 5 chung, 6 Son 01
phan lap duoc 7 chung, con mau Tién Yén 01 phan lap duoc 8 chung (Bang 3).

Tiép theo, chiing t6i tién hanh xac dinh hoat tinh nitrit héa cua cac chung vi khuan phan lap
dugc trong cac moi trudng Winogradskyi ¢6 bo sung co chit NH,*. Két qua thu duoc nhu bang 4.
Bing 4. Nong dj co chat NHa* va san pham NO,* tgo thanh ciia
cac chung vi khudan oxy héa ammonia truéc va sau nubi 15 ngay

Tén miu trll\r/l(‘rolig lliillliz“ler:l [NHAZ] [NOZZ] [NH4+]. [N02+1. [IA\]HH] [NO-']
A 1A ban dau ban diu saunudi sau nudl tieu thu taora
phan lap lac
H1W 0,97 0 0,97 0 0 0
Tu dudng H2W 0,97 0 0 0,22 0,97 0,22
Hai Ha 01 H3W 0,98 0 0,97 0 0,01 0
Silicagel H4S 0,97 0 0,32 0 0,65 0
H5S 0,96 0 0,33 0,53 0,63 0,33
Diw 0,96 0 0,96 0 0 0
Tu dudng D2w 0,97 0 0,95 0 0,02 0
D3W 0,98 0 0 0,23 0,98 0,23
Po Son 01 D4S 0,96 0 0,34 0 0,62 0,34
Silicagel D5S 0,97 0 0,96 0 0,01 0
D6S 0,99 0 0,33 0 0,66 0
D7S 0,98 0 0,34 0,48 0,64 0,48
TiwW 0,98 0 0,97 0 0,01 0
T2W 0,99 0 0,35 0,54 0,63 0,54
Tu dudng T3W 0,97 0 0 0,23 0,97 0,23
Tién Yén T4W 0,97 0 0,96 0 0,01 0
01 T5W 0,98 0 0,32 0,53 0,66 0,53
T6S 0,97 0 0,33 0,52 0,64 0,52
Silicagel T7S 0,98 0 0,98 0 0 0
T8S 0,98 0 0,32 0 0,66 0

Qua bang 4, két qua cho thiy c6 12 chung gom H2W, H4S, H5S, D3W, D4S, D6S, D7S,
T2W, T3W, T5W, T6S, T8S lam giam ndng d6 [NH4*], tao ra san pham hoac tiéu thu hét nong
d6 [NO2*] duoc ghi nhan la c6 hoat tinh nitrit héa, c6 08 chung la HIW, H3W, D1W, D2W, D5S,
T1W, T4W, T7S lam giam & muc thap trong khoang 0,01 - 0,02 mg/I hoic khong giam nong do
[NH.*] va khdng tao ra san pham [NO*] dugc ghi nhan 1a khong c6 hoat tinh nitrit hoa.

Chung H2W, D3W, T3W c06 hoat tinh oxi hda ammonia cao do c6 kha nang tiéu thu [NH4*]
cao trong khoang 0,97 - 0,98 mg/l va tao thanh [NO.*] ¢ trong khoang 0,22 - 0,23 mg/l. Chung
H4S, D4S ,D6S, T8S c6 hoat tinh oxi hoa nitrit cao do tiéu thu hét san pham [NO,*] tao ra nhanh,
nhung hoat tinh oxi héa ammonia khéng cao, muc tiéu thu trong khoang 0,62-0,66 mg/l. Con lai
cac chung H5S, D7S, T2W, T5W, T6S c6 hoat tinh nitrit hoa nhung kha nang tiéu thu [NH4*]
khong cao, dao dong trong khoang 0,32-0,35 mg/l va [NO;*] tao ra trong khoang 0,48-0,54 mg/I.
Céc chung khong c6 hoat tinh tién hanh tiéu hay, cac chung duoc ghi nhan cé hoat tinh tién hanh
luu giit mau va phan loai.

Tiép theo 12 chung vi khudn s& duoc xac dinh tén ching bang gen 16S rRNA. Qua trinh nhan
ban doan gen 16S rRNA duoc tién hanh véi cap mdi dic hiéu 27F va 1492R. Két qua nhan gen
bang phan g PCR dugc thé hién trén hinh 1.

Trén dién di do (Hinh 1) cho thay, san phdam PCR & cac mau déu c6 kich thudc khoang 1,5kb.
Kich thudc nay hoan toan phu hop véi tinh toan ly thuyét. Cac bing déu sang, dam, rd nét va du
diéu kién thyc hién thi nghiém tiép theo.
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Hinh 1. Két qua PCR céc mau DNA vi khudn nitrate héa
M: Marker 100bp; 1-12: H2W, H4S, H5S, D3W, D4S, D6S, D7S, T2W, T3W, T5W, T6S, T8S

Sau khi giai trinh tu, chdng t6i tién hanh so sanh trinh tu nucleotide doan gen 16S rRNA thu
duoc cua cac chung vi khuan oxy héa ammonia nay véi trinh tu gen 16S rRNA trén GenBank
bang cong cu BLAST. Két qua duoc thé hién ¢ bang 5.

Bang 5. Két qua so sanh trinh tw twong dong bang cong cu BLAST

Chiing Ty ¢ Trinh tw A1 e 3
STT vi khuin twong dong (%) twong dong Tén loai twong dong

1 H2W 99,64 NR_117649 Nitrosomonas europaea
2 H4S 99,58 NR_074324 Nitrobacter Winogradskyi
3 H5S 98,63 NR_104815 Nitrosomonas marina
4 D3wW 99,64 NR_117649 Nitrosomonas europaea
5 D4Ss 97,85 NR_104819 Nitrosococcus nitrosa
6 D6S 99,51 NR_074324 Nitrobacter Winogradskyi
7 D7S 97,68 NR_104817 Nitrosomonas halophila
8 T2W 97,26 NR_027578 Nitrobacter hamburgensis
9 T3W 98,20 NR_117649 Nitrosomonas europaea
10 T5W 96,71 NR_104818 Nitrosomonas aesturii
11 T6S 98,84 NR_104819 Nitrosomonas nitrosa
12 T8S 99,72 NR_074324 Nitrobacter Winogradskyi

Két qua cho thay, 12 chung vi khudn thu duoc déu thudc 2 . gidng Nitrosomonas va
Nitrobacter. Ty 1¢ twong dong deu dat hon 96,71% so voi cac trinh tu goc trén GenBank.
Nhu vy, dua trén cac dic diém vé hinh thai, sinh hoa két - hop v6i phuong phép sinh hoc phén

tar dé phan lap dugc 7 loai vi khuan nitrate hoa thudc 2 gidng vi khuan. Hai loai vi khuan dac
trung nhat 1a Nitrosomonas europaea va Nitrobacter Winogradskyi déu co trong ciac miu phan
tich. Ngoai ra, con c6 cac loai vi khuan khac nhu: Nitrosomonas marina, Nitrosomonas nitrosa,
Nitrosomonas aesturii....

4. Két luan

Di xéac dinh dwoc mat do vi khuan oxy héa ammonia ghi nhan duoc tai cac khu vuc nghién
ctru dao dong trong khoang 4,00 dén 7,60.102 MPN/m.

D3 phan lap dugc 20 ching vi khuan tir 3 mau trong d6 c6 12 ching cé hoat tinh, con lai 08
chang khéng c6 hoat tinh, 12 ching vi khuan déu thuoc 2 nhém Nitrosomonas va Nitrobacter.
Hai loai vi khuan dic trung nhat 12 Nitrosomonas europaea va Nitrobacter Winogradskyi déu co
trong cac mau phan tich.

Phan Iap nhém vi khuan oxy hoa nitrit trong cung diéu kién phan lap nhom vi khuan oxy héa
ammonia.

http://jst.tnu.edu.vn 35 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 226(14): 30 - 36

TAI LIEU THAM KHAO/ REFERENCES

[1] S. Waikhom and R. George, “Ammonia and nitrit toxicity to pacific white-leg shrimp Litopenaeus
vannamei,” Semant Sch., 2018. [Online]. Available:
https://www.semanticscholar.org/paper/Ammonia-and-nitrit-toxicity-to-pacific-white-leg-Waikhom-
George/ee054163efe3e6a56d510aff106d2742e3302b6f#citing-papers. [Accessed August 15, 2020].

[2] S. A. Kathyayani, M. Poornima, S. Sukumaran, A. Nagavel, and M. Muralidhar, “Effect of ammonia
stress on immune variables of Pacific white shrimp Penaeus vannamei under varying levels of pH and
susceptibility to white spot syndrome virus,” Ecotoxicol. Environ. Saf., vol. 184, pp. 1-13, 2019, doi:
10.1016/j.ecoenv.2019.109626.

[3] M. K. Sahu, N. S. Swarnakumar, K. Sivakumar, T. Thangaradjou, and L. Kannan, “Probiotics in
aquaculture: importance and future perspectives,” Indian J. Microbiol, vol. 48, no. 3, pp. 175-184,
2008, doi:10.1007/s12088-008-0024-3.

[4] S. Winogradskyi, “Recherches sur les organismes de la nitrification,” Ann. inst. Pasteur, vol. 4, pp.
213-231, 1890.

[5] R. Karthik, A. C. Pushpam, Y. Chelvan, and M. C. Vanitha, “Effeciency of probiotic and nitrifier
bacterial consortium for the enhancement of Litopenaeus vannamei Aquaculture,” Int. J. Vet. Sci. Res.,
vol. 2, no. 1, pp. 1-6, 2016, doi: 10.17352/ijvsr.000006.

[6] J. E. Alleman and K. Preston, “Behavior and Physiology of Nitrifying Bacteria”, 2005. [Online].
Available: http://web.deu.edu.tr/atiksu/ana58/nitri.doc. [Accessed August 15, 2020].

[7] G. G. Ehrlich, “Water quality: Analytical Methods - Nitrifying bacteria (most probable number, MPN,
method)" in: quality of water branch technical memorandum. R. J. Pickering, no. 75, p. 13, 1975.

[8] A.G. Rodina, R. R. Colwell, and M. S. Zambruski, Methods of aquatic microbiology. University Park
Press, Baltimore, MD. 1972

[9] H. W. Seeley and P. Van Demark, Selected exercises from Microbes in action, a laboratory Manual of
Microbiology. W H Freeman & Co.; 3rd edition, pp. 31-34, 1991.

[10] T. M. D. Vu, Microbiology practice. Vietnam Education Publishing House, (In Viethamese), 2001,
pp. 27-34.

[11] F. D. Hora and P. J. Webber, “A source of serious error in the determination of nitrates by the
phenoldisulphonic acid method and its remedy,” Analyst., vol. 85, no. 567, pp. 567- 569, 1960.

[12] L. S. Clesceri, A. E. Greenberg, and A. D. Eaton, Standard methods for the examidation of water and
wastewater 20th edition. American Public Health Association, 1999.

http://jst.tnu.edu.vn 36 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn
https://www.semanticscholar.org/paper/Ammonia-and-nitrite-toxicity-to-pacific-white-leg-Waikhom-George/ee054163efe3e6a56d510aff106d2742e3302b6f#citing-papers
https://www.semanticscholar.org/paper/Ammonia-and-nitrite-toxicity-to-pacific-white-leg-Waikhom-George/ee054163efe3e6a56d510aff106d2742e3302b6f#citing-papers
http://web.deu.edu.tr/atiksu/ana58/nitri.doc

