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Tom tit

Nubi tréng thily san 13 mot nganh kinh t& mili nhon tai Viét Nam, dong vai tro quan
trong trong xudt khau va phat trién kinh té. Tuy nhién, cac van d& nhu 6 nhiém moéi

truong nudce, dich bénh, va hiéu sut sir dung thirc an thép dang anh huong tiéu cuc dén

su phat trién bén viing cta nganh. Cong nghé Biofloc di va dang duoc ap dung rong rii

nho cac loi ich nhu cai thién chat lugng nudc, toi vu hoa hi€u suat st dung thirc an va

giam thiéu dich bénh cho vat nudi. Tuy nhién, co ché hinh thanh Biofloc va cac yéu t6

anh hudéng dén qua trinh nay van chua dugc hi€u rd hoan toan. Bai viét ndy phan tich
cac md hinh sir dung Biofloc, co ché hinh thanh va cac yéu t6 kiém soat, nham danh gia
toan di€n nhitng lgi ich va han ché cia cong nghé nay. Qua do, cac giai phap dugc dé

xuat nham toi uu hoa tng dung Biofloc, gop phan nang cao gia tri kinh t€ va bao vé méi

truong trong nudi trong thuy san.
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1 Bt van dé

Coéng nghé¢ Biofloc (Biofloc Technology - BFT) la ky
thuat tao bong sinh hoc tir cac chat hiru co lo lirng trong
nudc gom tao, dong vat nguyén sinh, cac vi sinh vat di
dudng va duoc gan két voi nhau tao thanh khdi bong.
Chat hiru co 6 nhiém trong bé nudi dugc chuyén hoa
thanh Biofloc mang dac tinh vuot trdi nhu mét loai men
vi sinh ¢0 lgi cho dong vat thuy sinh (BVTS) dugc san
sinh tai chd giau protein, va khoang chét [1]. Bén canh
do, Biofloc ciing cho thay kha nang cai thién chét lugng
va tiét kiém nuéc trong hé théng ao nudi, tao didu kién

cho viéc nang cao sinh khéi BVTS.

https.//doi.org/10.55401/64m6kt14

Hién nay, cong nghé Biofloc dwgc tng dung thanh
cdng trong nudi trong nhiéu loai thuy san khac nhau
nhu ¢4 1o phi, ca hong, tdm thé chan tring, va ca tré.
Hé thdng nudi ca ro phi (Oreochromis niloticus) trong
bé chtra 200 m? thu duoc san luong ca cao hon 37 1an
s0 vai khi nudi trong ao khdng suc khi sir dung Biofloc
[2]. Cbng nghé nay cling dugc ap dung thanh cong
trong nang cao hiéu qua kinh té trong mot sé trang trai
nudi tdm Cryphiops caementarius thuong mai tai cac
nuéc & chau My va chau A [3].

Tai Viét Nam, mé hinh Biofloc duoc trién khai ¢ tinh

Ca Mau nam 2019 cho thay ty 1¢ song binh quan cia
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t6m 1a 80,29 %:; hé sb tiéu tén thirc an (FCR) khoang
1,40. Tir nam 2018 dén nam 2021, hé théng st dung
Biofloc dugc trién khai quy mo thuong mai trong du an
hop tac gitra Viét Nam va Uc (CSIRO) tir nguén thic
an dinh dudng dé 1am thtc dn cung cip nguoc lai cho
DVTS do c6 ham lugng dam cao [4]. Ngoai ra, nhiéu
dia phuong khac tai Viét Nam ciing da ap dung mo hinh
Biofloc va budc dau mang lai nhiing loi ich cho nganh
nudi trong thiy san (NTTS) nhu tém thé chan trang ¢
Ca Mau, Bac Liéu, va Ninh Thuan, hay ca chép giéng
& Hué, va Bic Ninh [5]. Hién nay, Biofloc dang duoc
sir dung va diéu chinh cho phi hop vai timg diéu kién
cu thé cuia dia phuong: dd man, diéu kién nudi, thoi tiét,
co s& ha tang, cong nghé, va tai chinh. Nhiéu mé hinh
nudi trong thuy san khang dinh loi ich cua Biofloc cho
két qua kha quan voi ty 1é song on dinh trén 90 % va
nang suat toi da 14 46 tan tdm/ha trong mot chu ky nudi
[6].

Mic dd mang lai nhiéu hiéu qua thiét thuc, viéc van
hanh cong nghé nay van con ton tai mot sb rui ro that
bai, hoac hiéu qua chua nhu ky vong do nhitng kién
thac va nguyén ly hinh thanh Biofloc tai cac ao nudi
thuy san van chua duoc hiéu rd. Trong nghién ctu nay,
cac kién thirc co ban va cap nhat vé& cac cong nghé
Biofloc nhu lich sir hinh thanh, co ché hoat dong, cac
yéu t6 moi truedng quan trong, va cac hé thdng Biofloc
rng dung trong NTTS hién nay duoc tng hop va phan
tich chi tiét. Tir do, nhitng loi ich va han ché cua cac hé
théng str dung k¥ thuét Biofloc dwoc hiéu rd va cac giai
phép tiém nang nang cao hiéu qua va giam thiéu cac
han ché ciia k§ thuat nay dwoc thao luan gép phan mang
lai gia tri cao hon cho nganh NTTS.

2 Cong nghé Biofloc la gi?

Coéng ngh¢ Biofloc 1a mot phuong phap NTTS bén

virng, cha yéu duogc sir dung trong nudi tom va cé, bang
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cach tao ra mot hé sinh thai tu duy tri trong nwdc. Trong
hé théng nay, vi sinh vat (chu yéu Ia vi khuan, nim
men, va tao) duogc sir dung dé phan hiy chét thai hitu
co trong mdi trudng nudc, tir 6 tao ra mot nguon thic
an cho tom, c4 va céc sinh vat khac trong bé nudi.

2.1 Nguyén ly hinh thanh Biofloc

Biofloc la cac bong sinh hoc cua céc loai vi sinh vat tu
dudng, di duong, tao, dong vat phu du, va cac hat lo
ling tir thire 4n thira va chat bai tiét caa vat nudi trong
cac ao hd. Céc bdng sinh hoc nay két dinh lai nhd vao
cac yéu tb chinh sau: cac chit nhay ngoai bao dugc tiét
ra bai mot s6 vi sinh vt trong qua trinh ting truéng, sy
tuong tac tinh dién cua cac thanh phan lo ling, va su
hién dién cua cac vi sinh vat dang soi. Nhiéu loai vi
sinh vat trong méi trudng nudc khi gap diéu kién khong
thuan loi gy stress thuong tiét ra cac chat nhay ngoai
bao dang polymer (Extracellular polymeric sustances,
EPS) c6 vai trd quan trong trong viéc két dinh céac té
bao vi sinh vat, vi tao, dong thuc vat phu du thanh cac
bong sinh hoc va duy tri ciu tric dang bong trong mdi
truong nudc [7].

Ngoai ra, viéc trung hoa cac dién tich am trén mang
ngoai té bao cac vi sinh vat nham lam giam cac lyc ddy
tinh dién gitra c4c té bao gilp ching dé dang tiép can
gan nhau va thuc day viéc két cac té bao vi sinh vat
thanh cac Biofloc trong méi trudng nudc. Mot sb chat
b sung gitp trung hoa dién tich trén mang té bao va
dong vai tro cAu trdc trung gian gén két cac thanh phan
cua Biofloc da dugc bao cao trong cac nghién ciru truége
day bao gdm cac mudi v co cua nhém (AICIs,
Aly(SOq)s, sit (FeCl,, FeSO4), va cac polymer ¢ nguon
gdc ty nhién nhur chitosan [8].

Trong mét co ché khéc, sy hinh thanh cac bdng sinh hoc
trong moi truong nudi trong thuy san con dugc thiic day

bai sw hién dién cua nhiéu loai vi sinh vat dang soi. Cu
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tric dang soi cua té bao va cac 16ng mao cua nhitng loai
vi ndm dang soi nhu Aspergillus va Penicillum duoc
chimg minh 1 dong vai tro nhu cac day tua thic day su
hinh thanh va tang kich thuéc cac bdng sinh hoc [9].
2.2 Sy tuong tac cua vi sinh vat trong Biofloc

Vi sinh vat déng vai tro quan trong trong cac hé thong
Biofloc khong chi gidp duy tri, cai thién chat luong
nudc, giam mam bénh ma con 1a nguon dinh dudng tai
chd cho cac dong vat thuy sinh. Cac sinh vat ty dudng
(vi ta0), héa ty dudng (vi khuan nitrat hda) va di dudng
(ndm, dong vat phti du nhu luan tring, chan chéo va giun
tron) 1a cac sinh vat phé bién trong hé thong Biofloc
[10]. Vi khuan sir dung chét hitu co hoa tan, va dugc cac
dong vat nguyén sinh tiéu thy, sau d6 1am ngudn dinh
dudng cho cac sinh vat khac trong hé thdng. Tly vao
chire nang cuia timg loai ma vi sinh vat c6 thé thyuc hién
c4c chirc nang nhu: loai bo cac hop chit nito v co, cai
thién chét lugng nudc; va tao ngudn thirc an b sung cho
DVTS. Su da dang cua vi sinh vt ciing thay ddi tly theo
lwong ngudn carbon bd sung, loai vat nudi, mat do tha,
tinh chat ngudn nudce, dd man, ty 1é C/N, toe d6 suc khi,
cuong do &nh séng va téng chét rin lo ling. Tuy vao
thanh phan dinh dudng va cong dong vi sinh vat, hé vi
sinh vat ¢ thé thuc day hoic gay can tro cho cac qua
trinh sinh hoc loai bo 6 nhiém hiru co dién ra trong moi
truong nudc [10].

2.2.1 Tuong tac hd trg

Trong qua trinh tao thanh Biofloc, cong ddng céc sinh
vt thuy sinh bao gom tao, dong vat phti du va vi khuan
tuong tac voi nhau theo nhiéu cach khac nhau. Sy hién
dién cac vi khuan gitip day nhanh qua trinh hinh thanh
khdi Biofloc nhu vi khuian Halomonas sp., Vibrio sp.,
Bacillus sp., Providencia sp., Nitratireductor sp. va
Pseudoalteromonas sp. [11]. C&c loai tao cé chtra cac

Bang 1 Cac phuong phép tao Biofloc phd bién trong NTTS

axit amin va axit béo khong bao hoa cao, 1a ngudn dinh
dudng cé loi cho sy tang truong cua cac loai thuy
san. Cac Biofloc c6 chira vi khuan Actinobacteria c6
thé giGp giam mam bénh cho thuy san [12]. Nhu vay,
su da dang sinh hoc trong cac bong Biofloc gilp su
tuong quan va can bang dinh dudng trong méi truong
va nhd d6 cai thién chat luong nudce trong cac ao ho,
tao méi trudng tu nhién an toan cho su phat trién cua
céc loai thuy sinh.

2.2.2 Tuong tac dbi khang

Bén canh nhém vi sinh va thuc vat phu du c6 loi thi trong
ao nudi kha nang ton tai nhitng nhém sinh vat cd hai cho
Biofloc. Vi du, nhém vi khuan lam (Cyanobacteria) gay
tro ngai cho hé théng Biofloc do gia tri dinh dudng thap va
kha nang san xuat doc t cia chiing. Ngoai ra, sy phét trién
gibngtao  nhu

cia mot s Cochlodiniumsp.,

Kryptoperidinium foliaceum, Noctiluca
scintillans, Heterosigma akashiwo, Pyrodinium
khuan

lam Trichodesmium erythraeum dan dén sy tiét ra cac doc

bahamense, Ostreopsis sp. va Vi

t6 gay hién tuong c& chét hang loat & vinh Lampung,
Indonesia, & bién Do [13]. Gan déy, nganh nudi tréng thuy
san tai Trung Qudc ciing chiu nhiéu thiét hai do sy c6 mit
coa mot sb lodi tio c6 hai nhu Dinoflagellates,
Raphidophytes, Haptophytes gay chét tom ca [14]. Vi vay,
viéc theo ddi va kiém soat cac diéu kién méi trueong hinh
thanh Biofloc dong vai trd quan trong nham han ché cac
loai sinh vat ¢6 hai va kich thich céac loai sinh vat c6 loi cho
suc khoé hé sinh thai va méi truong NTTS.

2.3 Cac phuong phap tao Biofloc

Hién nay, ba phuong phap chinh dé tao thanh cong
Biofloc trong hé théng ao nui thuy san bao gém: phuong
phap bd sung ngudn carbon, phuong phap cay vi sinh, va

phuong phap pha tron vi sinh dugc trinh bay ¢ Bang 1.
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duong, cam bap, bot mi

Phuwong phap Pic diém Uu diém Nhuoe diém
Ty 18 C/N tir 12 dén 15. | Hiéu qua cai thién chat | N X
2 N N , Can nhieu thoi gian dé
Bo sung carbon [15] | Nguon carbon: mat ri | lugng nudc cao

Biofoc hinh thanh

B6 sung cac loi khuan nham

Cay vi sinh [16
nd [16] tang cuong mat do vi sinh

Tiét kiém thoi gian tao ra

_ Can nhiéu budc nudi cay
Biofloc

trung gian

Céc chung loi khuan, vi tao
dugc bo sung dé thuc day
hinh thanh Biofloc.

Pha tron vei vi sinh
vat [17]

Thic day sy phat trién

i T T 7| Can pha tron vaéi ti 18 pha
cua thuy san, trc ché cac

hop céc loai vi sinh vat

2.4 Loi ich cua Biofloc trong NTTS

2.4.1 Cai thién chat luong nudc ao nudi

Nhiéu nghién ctru da chiang minh Biofloc ¢6 thé l1am
giam dang ké ndng do khi d6c ammoniac va nitrit tich
luy trong nudc. Gan day, viéc ung dung céng nghé
Biofloc trong nudi ca rd phi ciing giam tac dong dén
mai truong nhd vao kha ning giam déng ké chat thai N
va P thai ra moéi truong, va giam 40 % lugng nudc su
dung so véi hé théng NTTS truyén théng [18]. Hé
théng sir dung Biofloc nhd ¢é chira da dang hé vi sinh
vat, va vi tao, nén kich thich sy cong sinh da loai trong
moi truong nude. Do do, cac bong sinh hoc nay thic
day nhanh hon qua trinh ddng héa céc chét thai hitu co
6 nhiém, gidp cai thién méi truong, chét luong nudc,
han ché viéc thay nudc va anh huong dén méi truong,
g6p phan nang cao ning suét va tao tinh bén viing cho
nganh NTTS.

Bang 2 Céc thdng sb chat lugng nue trong nudi tdm bang
hai phuong phap khac nhau [19]

] . biéu kién nudi
Cac chi tiéu _
Ao thuong ‘ Biofloc
Chung vat nudi Penaeus vannamei (PL 15)
Dién tich ao (ha) 0,12
Mat d¢ tha/lan (con/m?) 60
Thaoi gian nudi (ngay) 120
Trong lugng (g/con) 0,015
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mam bénh
Mat ri duong:Puong:
,a 1\ rongsueng 8:1:1

Lda mi
Ty 1€ C/N 15:1
Nong d6 oxy hoa tan

4,7 53
(DO) (mg/L)
pH 7,6 8,5
Tong nito amonia,

1,5 0,7
TAN (mg/L)
Nitrit, NO, (mg/L) 0,037 0,02
Amonia, NH3 (mg/L) 0,25 0,05
Nitrat, NO3; (mg/L) 2 1
Alkinity (mg/L) 178 162
Tong chat ran lo lung

350 630
(TSS) (mg/L)
Survival (%) 81 92
Tong vi khuan di| 3,5x 1073 48 %1073
dudng (CFU/mL) 4,4 x 107 5,2 x 107

Bang 2 thé hién su so sanh cac thong sb chat lwong
nuée trong ao nudi tdm giita phuong phéap truyén
thong, va phuong phéap Biofloc, duoc b4o cao trong
nghién ctu gan day [19]. Trong hé théng s dung
Biofloc, tong s6 luong vi sinh vat di dudng ting cao di
cling voi sy giam nong do tong nito amonia, nitrit,
nitrat so voi ao d6i ching. CAc vi sinh vat c6 loi phat
trién trong Biofloc da tiéu thy nito v co doc hai va
chuyén héa thanh protein hiru ich, 1am thirc an c6 sin

tai chd cho tdm nuoi.
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2.4.2 Ngudn thtc an dinh dudng cho thay san

Biofloc c6 chira ham lugng dinh dudng protein va lipid
tuong ddi cao nén duoc tan dung lam ngudn thirc an ty
nhién cho thuy san. Ti 18 thirc dn nhan tao va sinh khdi
Biofloc 1:1 cho két qua ting truéng cao & cé& rd phi
(Labeo rohita) [20]. Khi thay 25 % thirc an nhan tao
bang sinh khéi Biofloc, hiéu suat nudi ca rd phi séng
Nile (Oreochromis niloticus) ciing dat gié tri tot nhat.
Mot sé nghién ciru gan ddy da chi ra rang sinh khéi
Biofloc c6 thé duogc coi 1a mot giai phap sinh hoc day
hira hen nham thay thé luong protein trong thire an thay

san hang ngay, va ti 1& giam thirc an c6 thé dat duoc
khoang (30-50) %. Gia tri dinh dudng trong cac hé
thdng Biofloc nghién ciru khong dong bo véi nhau, diéu
nay c6 thé do anh hudng dia ly, giéng vat nudi, nguon
thirc an bd sung (chat lugng va kich thuéc), ti 1& C/N
sir dung, kha ning tiéu hoa cua cac sinh vat nudi cy
(46 tudi) va ky thuat Biofloc ap dung khac nhau. Bang
3 trinh bay thanh phan dinh dudng cua mét s6 hé thong
Biofloc cua mot s6 cac nghién ctru duoc thuc hién trén

céc loai thuy sinh khac nhau [21].

Bang 3 Ty 1¢ phan tram cac thanh phan hda hoc ciia Biofloc trong mot s6 hé thdng khac nhau. “-” khong biéu thi trong tai ligu

tham khao.
X [22] [21] [23]
STT Thanh phan héa hoc
(Muthusamy, 2015) (Lee, 2017) (Sousa, 2021)

1 Protein tho (%) 45,98 28,7 387
2 Lipit thd (%) - 2,3 72,6
3 Tro thd (%) 22,53 43 118
4 Xo tho (%) 12,92 - -
5 Zn (mg/kg) 146,2 521,8 -
6 Al (mg/kg) - 287,8 -
7 Mn (mg/kg) - 180,7 -
8 Fe(mg/kg) 441733 146,9 -
9 Cu (mg/kg) - 34 -
10 Carbon (%) 30,92 - -
11 Calcium (mg/kg) 23,9 - -
12 Sodium (mg/kg) 16,52 - -
13 Mg (mg/kg) 7315 - -

2.4.3 Tang strc d& khang cho thuy san

Biofloc c6 thé duoc tao thanh cing véi céc vi sinh vat
c6 loi (probiotic bacteria) dugc bd sung vao ao nudi
nham duy tri hé vi sinh vat ¢ lgi trong ao nudi, tir 6
giup thay san nang cao kha nang hoat dong cua cac

enzym tiéu héa. Khi d6, Biofloc ciing c6 thé déng vai

trd 1a ché pham sinh hoc, gitp nang cao hé théng mién
dich va ngan ngura bung phat dich bénh. Ngoai ra, su
hién dién cac vi khuan c6 loi con tc ché sy phat trién
cta nhitng vi khuin gay bénh thuy san trong méi truong
nudi. Hon nira, viéc tiéu thu Biofloc cua cac BVTS c6

thé tao diéu kién thuan loi cho viéc giai phong cac chat
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bién dudng tir vi sinh vat, nang cao kha ning mién dich
cuia chung, dong thoi 1a ngudn cung cac giong BVTS
chét luong cao [24].

2.5 Ung dung cong nghé Biofloc trong NTTS tai Viét
Nam

Tinh Ca Mau da ap dung cong nghé Biofloc vao viéc
nubi tém mang lai nhiéu két qua kha quan, dat (5 246 +
1 401) kg/halvu va (551 + 342) tri¢u ddng/ha/vu [25].
M6 hinh nu6i tdm thé chan tring theo quy trinh Biofloc
Vv6i ngudn carbon cadm gao tai tinh Bén Tre cho ning
suat cao gap 1,63 lan so véi phuong phap nudi truyén
thdng, véi ning suat trung binh 9,32 tin/ha, loi nhuan
cao gap 3,16 lan la (403 + 188) triéu dong/ha/vyu. Hé
thdng sir dung Biofloc dugc ching minh thic day su
tang trudng va ty 1é sbng ciia mot sé loai ca nudc ngot
nhu ca 16 phi va ca chép tot hon so véi nghiém thirc
khong str dung Biofloc [5]. Ngoai ra, khi str dung céng
nghé Biofloc két hop thire an c6 d6 dam 44 % trong
nudi c& ma lai thi téc do sinh truong va ty 1 séng cao,
v6i hé sb chuyén hoa thic an thap hon khi so véi diéu
kién khong ap dung cong nghé Bioflocs (mat d6 50
con/m3). Gan day tinh Can Tho ciing 4p dung thanh
cdng quy trinh cong nghé Biofloc trong nudi ca kéo
Pseudapocryptes elongatus véi mat do 200 con/m3, ty
1& song va sinh khdi ca lan luot 1a 91,0 % va 2,6 kg/m?
[27]. M6 hinh Biofloc cling dugc ap dung trong nudi ca
rd phi & mién Béc Viét Nam va cho ning suit ting
truéng cao hon tir 20 % dén 30 % [5]. Hé thng thir
nghiém Biofloc quy mé thwong mai trong dy &n cua
hop tac giira Viét Nam va Uc (CSIRO) tir nam 2018
dén nam 2021 cho két qua kha quan vai ty 1& sdng 6n
dinh trén 90 % va ning suat t6i da 1a 46 tin tdm/ha
trong mét chu ky nudi [6].

3 Céc yéu t6 anh huong I1én qua trinh tao Biofloc

3.1 Thite in b6 sung
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Thire an 12 mét yéu td quan trong can kiém soét vi né
thuong chiém khoang 50 % trong chi phi van hanh san
Xuat ma thong thuong sinh vat chi hap thu duoc khoang
(20-30) % lugng protein co trong thirc an. Cac loai thic
in b sung thudng duoc sir dung nhu cac loai duong
(glucose, fructose, sucrose), tinh bt (bot ngd, bét gao),
chat béo (dau thuc vat, m& dong vat), protein (bot ca,
bot dau nanh), vitamin va khoang chét, chat kich thich
sinh truong (enzyme, probiotics). Trong hé thng sir
dung Biofloc, luong thire an cung cip hang ngay cho
ca chép gidng giam 25 % va tir 15 % dén 30 % ddi voi
ca rd phi song Nile ma khong gy anh hudng dén céc
chi sé ting truong cua ching [28]. Loai tdm hong
Farfantepenaeus brasiliensis PL25 ¢ thé sir dung thirc
an c6 san giau ham luong protein thd cao (30,4 %)
trong Biofloc va di thuc day su ting truong va nang
cao san xuat cua giong tdm hong [29].

3.2 Ngudn carbon

Cac ngudn carbon khi bé sung vao hé thdng sé kich
thich sy phat trién hé vi sinh vat sin c6 trong ao nudi
thuc day sy hinh thanh Biofloc. Cac ngudn carbon voi
tbc do hoa tan khac nhau ciing anh huong dén viéc
chuyén héa ammonia bai hé vi sinh vt nitrat hoa. Tuy
nhién, khi qua trinh nitrat héa bang vi sinh vat duoc 6n
dinh, viéc b sung carbon can duoc diéu chinh dé tranh
du thira, giam hiéu qua cua hé thdng Biofloc. Néu bd
sung qua nhiéu carbon hitu co c¢6 thé din dén ting
nhanh luong chét ran ling, tdng chit chat rin lo ling,
chat rin lo lung dé& bay hoi va do duc cta nudc, giam
oxy hoa tan.

Céc carbohydrate nhu cam gao, duong, mat ri duong,
tinh bot, glycerol thuong dwoc sir dung phd bién b
sung vao h¢ théng Biofloc. Bao céo ciia Rocha va cong
sy cho thay mat ri duong gop phan duy tri tét chat

lwong nude trong ao, gidp tiét kiém khoang 80 % lugng
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nudéc tiéu thu [30]. So vai cdm gao va lda mi, mat ri
duong duoc hap thu bai vi sinh vat dé hon, do d6 day
nhanh su phat trién cua cong dong vi sinh vat hiéu khi,
gilip qué trinh chuyén hoa ndng 6 amonia nhanh hon,
tir d6 cai thién chit lugng nude tét hon. Ngoai ra, khoai
lang ciing dwoc sir dung dé 1am thirc 4n trong nudi tom
thé chan trang cho két qua ti I¢ séng (72,2 + 11,0) %,
téc do tang truong (3,9 + 0,02) %/ngay, sinh khéi (2,7
+0,4) kg/m?, véi thanh phan sinh hoa va chat luong ciia
t6m khong khac so vai nghiém thirc ddi ching [31].
3.3Tile C/N

Ty |é gitra carbon va nito (C/N) dong mot vai tro quan
trong trong su hinh thanh Biofloc bai vi sy can bang
sinh dudng cua cong dong vi sinh vat. Ty l¢ C/N
khuyén nghi duoc st dung trong hé théng Biofloc dao
dong vaoi mirc khoang tir 10/1 dén 20/1. Sy tang truong,
ty & song va kha ning khang bénh cua tdm thé chan
tring Litopenaeus vannamei dat gia tri cao trong bao
cao cua Panigrahi nam 2018 véi ti 1¢ C/N la 15/1 [32].
Trong mét nghién ctiu khac, ti 16 C/N 1a 10/1 véi ché
pham sinh hoc men vi sinh B. subtilis cho gia tri cao
nhat vé hiéu suit tang truong va cai thién rd rét trong
viéc sir dung thire dn so v6i nhom déi ching trong nudi
ca ro phi. Trong khi d6, khi ca chép duogc nudi trong hé
thdng Biofloc ti Ié C/N 1a 20/1 cho két qua cao véi cac
thong s6 mién dich, biéu hién gen lién quan dén mién
dich va phan ng ky thuat cua déng vat [33]. Nhirng
khéc biét nay c6 thé 1a do su khac biét vé chung loai,
ngudn carbon sir dung, ty 16 C/N, méi truong va
phuong phap nuoi dudng cua Biofloc.

3.4 Po kiém, d6 pH, va suc khi

Trong hé théng str dung Biofloc, d6 pH tir 7 dén 9 va
do kiém khoang (100-150) mg CaCO3 hoic Na,CO;
dugc ching minh 1a khoang gia tri thich hop dé duy tri

céc bong sinh hoc va chat lugng nuée ao nudi. Thong

s pH va do kiém gidp kiém soéat anh huéng cua hoat
dong chuyén héa amonia trong nude dén trong lugng,
ty 18 séng, tdc do tang truong hang ngay va ty 1é chuyén
d6i thue an cua sinh vat. Hé théng Biofloc can duoc
khudy va cung cap oxy manh lién tuc dé giir cho cac
bdng vi sinh ¢ trang thai lo limg va thic day qua trinh
chuyén héa ammonia thanh nitrit va nitrat. Tuy nhién,
suc khi qua muc c6 thé 1am giam su két bong hozc lam
v cac bong Biofloc, dan dén suy giam hiéu qua xir Iy
nudée cua hé thong Biofloc [34].

3.5 Cong dong vi sinh vt trong Biofloc

Cong ddng vi khuan trong Biofloc chiu trach nhiém
chinh trong viéc cai thién chat luong nuéc qua qua trinh
ddng hoa amonia doc hai thanh dang nitrit va nitrat it
ddc hon. Trong hé théng Biofloc, su tich liy chat dinh
dudng va su phat trién chiém uu thé cua vi khuan di
dudng xay ra & giai doan cudi cua qua trinh hinh thanh
Biofloc, gay nén sy chuyén mau cua Biofloc tir mau
xanh luc (do c6 nhiéu tao) sang mau nau (do c6 nhiéu
vi khuan di dudng). Mat do vi sinh vat trong méi truong
nudi ap dung Biofloc c6 thé dao dong tir (10° d&én 10°)
té bao/mL. Mot Biofloc dugc goi la hoan chinh khi sb
lwong vi khuan di dudng 14 3,36 x 107 té bao/mL [35].
3.6 Anh sang

Anh sang 1a yéu t6 thuc day sy phat trién ciia cac vi tao
va thuc vat phu du théng qua qua trinh quang hop.
Nhiing loai nay dong vai trd quan trong trong méi quan
hé cong sinh véi hé vi khuan di dudng trong Biofloc va
nang cao ndng do oxy hoa tan trong nudc. Trong mot
nghién ciru gan day boi Lopez-Betancur va cong su, hé
thong sir dung Biofloc trong nudi ca rd phi
(Oreochromis niloticus) cho thdy, so véi mau doi
chting st dung &nh sang ty nhién thi nhom anh sang
mau do c6 budc séng cuc dai 627,27 nm cho thay toc

do tang truong tot nhat, ty 1¢ séng cao nhat va ham
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lwong lipid cao nhit [36]. Trong khi d6 nhom c6 anh
sang mau lam & budc séng 451,67 nm cho ham luong
lipid thap nhat, nhung mirc d6 protein cao nhét.

4 Nhirng thach thac cua cdng nghé Biofloc tng dung
trong NTTS

4.1 Nhirng kho khan khi ap dung rong rai

V6i cac loai tom nhu tom thé chan trang, tom hong va
c4 16 phi, ca chép thi dic diém sinh Iy cta ching tuong
thich cac dic diém cua hé thdng sir dung Biofloc.
Nhung véi cac loai nhu ¢4 da tron va ca vugc soc lai
hay t6m st va tom nudc ngot khdng 16 lai khong phu
hop véi md hinh nay do ndng d6 chit rin lo ling cao
trong ao nudi [37]. Ngoai ra, hé théng Biofloc doi hoi
khoang chi phi dau tu ban dau Ion tir khau xay dung hé
thong nudi dén van hanh. Trong d6, chi phi cho ning

luong lién quan dén dam bao suc khi cao va lién tuc
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cho hé théng ciing 1a mot tro ngai khi viéc ap dung mo
hinh Biofloc vao thuc té .

Tuy cbng nghé Biofloc dang dugc tng dung rong réi
trong NTTS, hién nay van con nhiéu véan dé chua duoc
séng to. Su bién dong lién tuc cua chat luong nudc do
su anh huong tir cuong d6 anh séng, sy phat trién cua
ta0, va nhiét d6 méi truong 1am cho tinh bén viing cua
hé théng khong cb dinh. Bén canh do6, dé c6 thé ung
dung thanh cong hé théng nay, con ngudi van hanh can
phai duoc dao tao va nim virng nhitng kién thirc day du
vé cac hé théng Biofloc.

4.2 Yéu cau vé ky thuat va van hanh

Trong qué trinh van hanh hé thdng Biofloc, cac thong
s6 ky thuat va van hanh cua hé théng (Bang 4) can duoc
do dac va diéu chinh phd hop nham dam bao méi
truong nudi 6n dinh, giup DVTS phat trién khoe manh

va dat hiéu qua kinh té cao.

Bang 4 Céc théng s6 van hanh cong nghé Biofloc nudi DVTS thanh cong [38]

Théng so Gia tri toi uu Bién phap kiém soat
L. Thirc an cong nghiép, Kiém tra thirc an thira, diéu chinh
Thike an . B
protein > 42 % lugng cho an
Oxy hoa tan, DO (mg/L) >4 Suc khi, tang cuong may quat nudc
X Y < 2 .
oH 6.8-8.0 Bo6 sung voi (pH < 7,2), bd sung vi

khuan Biofloc + carbon (pH > 8,5)

Nhiét do (°C) 28-30 Diéu chinh hé thong suai/lam mat
o B6 sung vi khuan Biofloc + carbon
Do kiem (mg/L) 80-120 (do kiém > 200 mg/L)
Téng nito ammonia, TAN . . .
<
(mg/L) 1 Thay nudc, ting cudng suc khi
i Thay nudc, ting cudng suc khi, bd
Nitrit, NO2 (mg/L) <1 sung vi khuan nitrat hoa
Nitrat, NOs (mg/L) 0.5-20 biéu Chmh‘luqng thucj an, tang
cuong suc khi
T Ig N/P 20/1 B6 sung (NH4):SOa (tang N), CaCOs

hodc Zeolit (giam P)

Mau sic hé théng

Nau nhe, lo ltng

Diéu chinh lwong carbon

Chi s6 thé tich bun, FVI

0,5-15 Xa bt bun (khi FVI > 15 mL/L)
(mi/L)
T40 Khéng bung phat B6 sung ché pham sinh hoc
Ty 1é C/IN 12-15/1 B6 sung carbon dinh ky

w Dai hoc Nguyén T4t Thanh
P,

v 4
NGOVEN TATTRAN



Tap chi Khoa hoc & Cong nghé Vol 8, No 2 _

Bacillus sp., Nitrosomonas,

Visinh vat Nitrobacteria

B sung ché pham sinh hoc

5 Két luan &p dung nhiing kinh nghiém thanh céng cua hé thong
. Biofloc vao thyc tién.
Mic du NTTS la mét trong nhitng nganh nghé quan torioc vao thuc tien

T A Cong nghé Biofloc mang lai nhiéu loi ich cho nganh
trong dinh hudng phat trién ¢ Viét Nam va maot s6 nude £1ng & £

s , NTTS, bao gom cai thién chat | 5c, giam chi phi
trén thé gi¢i nham goép phan dam bao an ninh luong 80 gOML cat thighl Cat lugng nuoc, glam chu pit

-, T VA . L. thire dn va tang cuong stc dé khang cho vat nuéi. Tu
thyc trong boi canh bién doi khi hau, nganh dang phai 8 g 8 o ’y
PO , e L, nhién, viéc ap dung Biofloc doi hoi su hiéu biet sau sac
doi mat véi nhieu thach thire lién quan dén st dung } ) o
. ) s e s A N ve€ co ché van hanh va cac yéu to méi truong anh hudng
nhiéu tai nguyén nudc, dat, va gay 6 nhiém moi truong. ) ) o .
R . o mr e s oaen . den hé thong. Pé toi uu hda hi¢u qua cua Biofloc, can
Cong ngh¢ Biofloc la mot giai phap nhiéu tiem nang dé . ]
, . as . 5 . c6 cac nghién curu sau hon vé co ché sinh hoc, ciing nhu
ung dung vao nudi trong thuy san nham khac phuc }
. e ae ., a2 cac chinh sach ho tro tai chinh va dao tao ky thuét cho
nhiing van dé moi truong dap trng cac tiéu chi phat trién

A A A A 4 . nguoi nuoi.
ndng nghiép bén virng. Uu diém cua cdng nghé Biofloc 8

TR z .. o Loi cam on
la cai thién chat lvong nudc, nang cao hiéu suat st dung

_ s N Nghién ctru duoc tai tro bai Quy phat trién Khoa hoc
thirc an, giam thieu mam bénh, tang strc dé khang, nang g o aue i Quy p ~e ) ©
va Céng nghé — Truong Dai hoc Nguyén Tat Thanh,

cao ting truéng va ty 18 sbng vat nudi. Tuy nhién, ndng i
ma so6 dé tai 2025.01.137/HD-KHCN

dan can duoc dao tao kién thirc mot cach virng vang va

Tai liéu tham khao

1. Khanjani, M. H., & Sharifinia, M. (2020). Biofloc technology as a promising tool to improve aquaculture
production. Reviews in Aquaculture, 12(3), 1836-1850.

2. Rakocy, J. E., Danaher, J. J., Bailey, D. S., & Shultz, R. C. (2008). Development of a Biofloc System for the
Production of Tilapia. Aquaculture, 277, 138-145.

3. Emerenciano, M. G. C., Miranda-Baeza, A., Martinez-Porchas, M., Poli, M. A., & Vieira, F. do N. (2021). Biofloc
technology (BFT) in shrimp farming: past and present shaping the future. Frontiers in Marine Science, 1879.

4. Liu, H,, Li, H., Wei, H., Zhu, X., Han, D., Jin, J., ... Xie, S. (2019). Biofloc formation improves water quality
and fish vyield in a freshwater pond aquaculture system. Aquaculture, 506, 256-2609.
https://doi.org/https://doi.org/10.1016/j.aquaculture.2019.03.031

5. Khoa, B. B., Hai, N. D, Binh, T. T., & Van, K. V. (2023). Thir nghiém uong c4 chép gidng (Cyprinus carpio)
bang cong nghé Biofloc & cic mét do khac nhau. TNU Journal of Science and Technology, 228(01), 92-99.

6. Emerenciano, M. G. C., Arnold, S., Perrin, T., Little, B., Cowley, J. A., & Rahman, A. (2022). Collaboration
Drives Innovations in Super-Intensive Indoor Shrimp Farming, Part 2. Glob. Seaf. Alliance’s (GSA).

w Dai hoc Nguyén T4t Thanh

» <
NGOYEN TATTRANE



Tap chi Khoa hoc & Cong nghé Vol 8, No 2

7. Liu, Y.-Q., Liu, Y., & Tay, J.-H. (2004). The effects of extracellular polymeric substances on the formation
and stability of biogranules. Applied Microbiology and Biotechnology, 65(2), 143-148.
https://doi.org/10.1007/s00253-004-1657-8

8. Rossi, S., Visigalli, S., Castillo Cascino, F., Mantovani, M., Mezzanotte, V., Parati, K., ... Ficara, E. (2021).
Metal-based flocculation to harvest microalgae: a look beyond separation efficiency. Science of The Total
Environment, 799, 149395. https://doi.org/https://doi.org/10.1016/j.scitotenv.2021.149395

9. Khanjani, M. H., Mohammadi, A., & Emerenciano, M. G. C. (2022). Microorganisms in biofloc aquaculture
system. Aquaculture Reports, 26, 101300. https://doi.org/https://doi.org/10.1016/j.aqrep.2022.101300

11. Kasan, N. A., Ghazali, N. A., Ikhwanuddin, M., & lbrahim, Z. (2017). Isolation of Potential Bacteria as
Inoculum for Biofloc Formation in Pacific Whiteleg Shrimp (Litopenaeus vannamei) Culture Ponds. Pakistan
Journal of Biological Sciences : PJBS, 20(6), 306-313. https://doi.org/10.3923/pjbs.2017.306.313

12. Liu, H., Li, H., Wei, H., Zhu, X., Han, D., Jin, J., ... Xie, S. (2019). Biofloc formation improves water quality
and fish yield in a freshwater pond aquaculture system. Aquaculture, 506, 256-2609.
https://doi.org/https://doi.org/10.1016/j.aquaculture.2019.03.031

13. Gokul, E. A., Raitsos, D. E., Gittings, J. A., & Hoteit, I. (2020). Developing an Atlas of harmful algal blooms
in the Red Sea: Linkages to local aquaculture. Remote Sensing, 12(22), 3695.

14. Gu, H., Wu, Y., LQ, S., Lu, D., Tang, Y. Z., & Qi, Y. (2022). Emerging harmful algal bloom species over the
last four decades in China. Harmful Algae, 111, 102059. https://doi.org/https://doi.org/10.1016/j.hal.2021.102059
15. Khanjani, M. H., Sajjadi, M. M., Alizadeh, M., & Sourinejad, I. (2017). Nursery performance of Pacific white
shrimp (Litopenaeus vannamei Boone, 1931) cultivated in a biofloc system: the effect of adding different carbon
sources. Aquaculture Research, 48(4), 1491-1501.

16. Zemor, J. C., Wasielesky, W., Fées, G. K., & Poersch, L. H. (2019). The use of clarifiers to remove and control
the total suspended solids in large-scale ponds for production of Litopenaeus vannamei in a biofloc system.
Aquacultural Engineering, 85, 74-79. https://doi.org/https://doi.org/10.1016/j.aquaeng.2019.03.001

17. Liu, G., Zhu, S., Liu, D., Guo, X., & Ye, Z. (2017). Effects of stocking density of the white shrimp Litopenaeus
vannamei (Boone) on immunities, antioxidant status, and resistance against Vibrio harveyi in a biofloc system.
Fish & Shellfish Immunology, 67, 19-26. https://doi.org/https://doi.org/10.1016/j.fsi.2017.05.038

18. Liang, W., Luo, G., Tan, H., Ma, N., Zhang, N., & Li, L. (2014). Efficiency of biofloc technology in suspended
growth reactors treating aquacultural solid under intermittent aeration. Aquacultural Engineering, 59, 41-47.

19. Kumar, S., Pandey, P., Theivasigamani, A., Govindarajan, R., & Kumar, S. (2018). Biofloc improves water,
effluent quality and growth parameters of Penaeus vannamei in an intensive culture system. Journal of
Environmental Management, 215. https://doi.org/10.1016/j.jenvman.2018.03.015

20. Mahanand, S. S., Moulick, S., & Srinivasa Rao, P. (2013). Optimum formulation of feed for rohu, Labeo rohita
(Hamilton), with biofloc as a component. Aquaculture International, 21(2), 347-360.

21. Lee, C., Kim, S,, Lim, S.-J., & Lee, K.-J. (2017). Supplemental effects of biofloc powder on growth
performance, innate immunity, and disease resistance of Pacific white shrimp Litopenaeus vannamei. Fisheries
and Aquatic Sciences, 20. https://doi.org/10.1186/s41240-017-0059-7

22. Muthusamy, R., Pandey, P., Aravind, R., Alagarsamy, V., Bharti, V., & Purushothaman, C. (2015). Effect of
different biofloc system on water quality, biofloc composition and growth performance in Litopenaeus vannamei
(Boone, 1931). Aquaculture Research, 47. https://doi.org/10.1111/are.12792

w Dai hoc Nguyén T4t Thanh
O™

NGOVEN TATTRAN



Tap chi Khoa hoc & Cong nghé Vol 8, No 2

23. Sousa, A. A., Nora, L., Lopes, D. L. A., Petrolli, T. G., Furlan, V. J. M., Wagner, R, ... Da Silva, A. S. (2021).
Vegetable choline in feed for Nile tilapia (Oreochromis niloticus) raised in a biofloc technology system (BFT):
Biofloc composition, chemical composition, and fatty acid profiles in meat. Aquaculture, 545, 737174.
https://doi.org/https://doi.org/10.1016/j.aquaculture.2021.737174

24. Long, L., Yang, J., Li, Y., Guan, C., & Wu, F. (2015). Effect of biofloc technology on growth, digestive enzyme
activity, hematology, and immune response of genetically improved farmed tilapia (Oreochromis niloticus).
Aquaculture, 448, 135-141.

25. Long, N. T. (2016). Phan tich hi¢u qua tai chinh ctia mo6 hinh nuéi tom su thdm canh & tinh Ca Mau. Tap chi
Khoa hoc Pai hoc Can Tho, (46 SE-), 89-94. https://doi.org/10.22144/ctu.jvn.2016.546

26. Nhung, V. T.N., Loan, N. T., & Tri, T. M. (2017). Nghién ctru mét sb nguén carbonhydrate tao biofloc dé nuoi
t6m thé chan tring (Litopenaeus vannamei). Tap chi Khoa hoc, 14(12), 149.

27. Phu, T. M., & Hai, T. N. (2019). Nghién ctru nuéi c4 kéo (Pseudapocryptes elongatus) trong bé vdi cac mat do
khac nhau theo cong nghé biofloc. Tap chi Khoa hoc Trirong Pai hoc Can Tho, 55(4), 97-104.

28. de Holanda Cavalcante, D., dos Santos Lima, F. R., Reboucas, V. T., & e S4, M. V. do C. (2017). Integration
between bioflocs and periphyton in Nile tilapia culture tanks. Acta Scientiarum. Technology, 39, 601-607.

29. Emerenciano, M., Ballester, E. L. C., Cavalli, R. O., & Wasielesky, W. (2012). Biofloc technology application
as a food source in a limited water exchange nursery system for pink shrimp Farfantepenaeus brasiliensis (Latreille,
1817). Aquaculture Research, 43(3), 447-457.

30. da Rocha, A. F., Barbosa, V. M., Wasielesky Jr, W., Abreu, P. C., Lishoa, V., Cavalli, L., & Tesser, M. B.
(2022). Water quality and juvenile development of mullet Mugil liza in a biofloc system with an additional carbon
source: Dextrose, liquid molasses or rice bran? Aquaculture Research, 53(3), 870-883.

31. Viét, L. Q., Phu, T. M., & Hai, T. N. (2017). Panh gi4 kha ning thay thé thirc in cong nghiép bang khoai lang
(Ipomoea batatas) trong nudi tom thé chén tring (Litopenaeus vannamei) theo cong nghé biofloc. Tap chi Khoa
hoc Pai hoc Can Tho, (48 SE-), 27-35. https://doi.org/10.22144/ctu.jvn.2017.613

32. Panigrahi, A., Sundaram, M., Chakrapani, S., Rajasekar, S., Syama Dayal, J., & Chavali, G. (2019). Effect of
carbon and nitrogen ratio (C: N) manipulation on the production performance and immunity of Pacific white shrimp
Litopenaeus vannamei (Boone, 1931) in a biofloc-based rearing system. Aquaculture Research, 50(1), 29-41.

33. Azimi, A., Shekarabi, S. P. H., Paknejad, H., Harsij, M., Khorshidi, Z., Zolfaghari, M., ... Zakariaee, H. (2022).
Various carbon/nitrogen ratios in a biofloc-based rearing system of common carp (Cyprinus carpio) fingerlings:
Effect on growth performance, immune response, and serum biochemistry. Aquaculture, 548, 737622.

34. Lara, G., Krummenauer, D., Abreu, P. C., Poersch, L. H., & Wasielesky, W. (2017). The use of different
aerators on Litopenaeus vannamei biofloc culture system: effects on water quality, shrimp growth and biofloc
composition. Aquaculture International, 25(1), 147-162.

35. Khanjani, M. H., Alizadeh, M., & Sharifinia, M. (2020). Rearing of the Pacific white shrimp, Litopenaeus
vannamei in a biofloc system: The effects of different food sources and salinity levels. Aquaculture Nutrition,
26(2), 328-337.

36. Lopez-Betancur, D., Moreno, |., Guerrero-Mendez, C., Gomez-Meléndez, D., Macias P, M. de J., & Olvera-
Olvera, C. (2020). Effects of colored light on growth and nutritional composition of tilapia, and biofloc as a food
source. Applied Sciences, 10(1), 362.

w Dai hoc Nguyén T4t Thanh
W\‘ﬁ



Tap chi Khoa hoc & Cong nghé Vol 8, No 2

37. Vijayan, K. K., Panigrahi, A., Balasubramanian, C. P., Jayanthi, M., Saraswathy, R., Kannappan, S., ... Otta,
S. K. (2019). Biofloc Technology for Nursery and Growout Aquaculture.

38. Emerenciano, M. G. C., Coérdova, L. R. M.-, Martinez-Porchas, M., & Miranda-Baeza, A. (2017). Biofloc
Technology (BFT): A Tool for Water Quality Management in Aquaculture. In H. Tutu (Ed.), (p. Ch. 5). Rijeka:
IntechOpen. https://doi.org/10.5772/66416

Biofloc Technology in Aquaculture: Application and Challenges
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Abstract

Aquaculture is one of Vietnam’s key economic sectors, with the goal of becoming a major export industry.
However, challenges such as water pollution, disease outbreaks, and low feed efficiency threaten the health of
farmed animals, increase production costs, and significantly impact the sustainable development of aquaculture. In
recent years, Biofloc technology has been increasingly applied in the aquaculture industry due to numerous
benefits, including improved water quality, enhanced feed efficiency, and reduced disease incidence in farmed
animals. However, the mechanisms of Biofloc formation and the factors influencing its development in aquaculture
ponds remain poorly understood. This study evaluated the current aquaculture systems using Biofloc technology,
explored the mechanisms behind Biofloc formation and identified key factors affecting its development.
Furthermore, potential solutions to maximize the benefits are discussed in order to enhance economic value and
environmental sustainability in the aquaculture industry.

Keywords Biofloc, aquaculture, wastewater, sustainable development
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