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Tom tat

Nganh nuéi cd tra tai Bén Tre hién déng vai tro chi luc, gop phdn ddng ké vao kim ngach xudt khdu thiy sdn.
Tuy nhién, qud trinh nuéi tham canh mdt do cao da tao ra mot lugng I6n biun thdi ddy ao, udc tinh khodng
1-1,5 tdn cho méi tdn cd thuong pham, chiia ham lugng cao chdt hitu co, nito va phét pho. Néu khong dugc
xu ly thich hgp, bin thdi nay c6 thé gay 6 nhiém nghiém trong nguén nudc, ddt va phdt thdi khi nha kinh, de
doa truc tiép dén hé sinh thdi va cong dong dan cu. Trudc thuc trang dé, nghién ciiu nay dugc thuc hién nham
ddnh gid tiém ndng ting dung trin qué (Perionyx excavatus) dé xi ly bun ddy ao cd tra, dong thoi téi vu héa
diéu kién phoi tron bin vdi xo dita va mat do trin ban ddu, qua dé ning cao hiéu qua phdn gidi hitu co, tao
ra phan hiiu co va sinh khoi trin giau protein. Thi nghiém dugc bo tri theo thiét ké ldp tam trung tam (CCD)
két hop moé hinh héa bé mdt ddp iing (RSM), khdo sdt ba yéu to chinh gom ty 1é biin:xo diia (80-100%), lugng
x0 dita (0-20%) va khoi lugng trim ban ddu (1-3 kg). Két qua cho thdy diéu kién toi uu dat duogc khi phoi
tron bin:xo dita theo ty 1é 90:10 va bo sung 2 kg trin giong ban ddau, cho phép thu hoach 3.45 kg sinh khdi
trin va 9.47 kg phan trin sau 43 ngay xii ly. Phdn trin thu dugc nhin chung dap iing cdc tiéu chudn QCVN
01-189:2019/BNNPTNT vé pH, ty l¢ C/N, ham ligng nito va phot pho. M6 hinh xii ly nay khong chi gop phdn
gidm 6 nhiém méi trudng tai viing nudi cd tra ma con tao ra phan hitu co cdi thién ddt va sinh khéi trin cé thé
st dung lam thiic an thity sdn, hudng tGi phdt trién hé théng nudi cd tudn hoan theo dinh hudng néong nghiép
xanh va bén viing.

T khoa: Xii ly biin ddy ao nudi cd tra,trin qué, sinh khoi trim, phan bon hiiu co,tdi sii dung chdt thdi nudi trong
thity san.
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Treatment of pangasius pond sludge using earthworms
(Perionyx excavatus): Optimization of organicdecomposition
for organic fertilizer and worm biomass production

Abstract

The pangasius farming industry in Ben Tre currently plays a pivotal role, significantly contributing to Vietnam’s
seafood export revenue. However, intensive high density farming practices have generated substantial amounts
of pond sludge, estimated at approximately 1 to 1.5 tons for every ton of harvested fish. This sludge contains
high levels of organic matter, nitrogen, and phosphorus. If not properly treated, it can severely pollute water
and soil resources and release greenhouse gases, thereby posing direct threats to surrounding ecosystems and
local communities. Against this backdrop, this study was conducted to evaluate the potential application of
earthworms (Perionyx excavatus) for treating pangasius pond sludge. It also aimed to optimize the mixing
conditions of sludge with coir and the initial worm stocking density, thereby enhancing organic decomposition
efficiency and producing nutrient-rich vermicompost and protein-rich worm biomass. The experiment was
arranged following a central composite design (CCD) combined with response surface methodology (RSM),
investigating three main factors: the sludge-to-coir ratio (80-100%), the coir proportion (0-20%), and the
initial worm mass (1-3 kg). Results showed that optimal conditions were achieved with a sludge-to-coir ratio
of 90:10 and an initial worm mass of 2 kg, yielding 3.45 kg of worm biomass and 9.47 kg of vermicompost
after 43 days of treatment. The resulting vermicompost generally met Vietnam’s QCVN 01-189:2019/BNNPTNT
standards for pH, C/N ratio, nitrogen, and phosphorus contents. This treatment model not only helps mitigate
environmental pollution in pangasius farming areas but also generates organic fertilizer that improves soil
quality and produces worm biomass that can be used as an aquafeed ingredient, supporting the development of
circular and sustainable aquaculture systems aligned with green agricultural practices.

Keywords: Pangasius pond sludge, perionyx excavatus, vermicomposting, organic fertilizer, circular aquaculture.
JEL Classifications: Q53, Q55, Q57.
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1. PAT VAN PE

Nuoi ca tra (Pangasius hypophthalmus) la nganh
thiy san then chot va mang tinh chién lugc tai tinh Bén
Tre ndi riéng va vung Pong bang séng Ctiu Long ndi
chung, noi chiém trén 90% dién tich nuoi va san lugng
xudt khau ctia ca nudc(Huy et al., 2021). Theo Téng cuc
Thuy san, nam 2023 dién tich nuoi ca tra toan quoc dat
hon 5.700 ha, san lugng khoang 1,6 triéu tan, dong gop
gan 2,4 ty USD, chiém t6i 95% tong san lugng ca tra
thuong mai toan cdu. Bén canh gia tri xudt khau 16n,
nganh nay con tao viéc lam, 6n dinh sinh ké, nang cao
thu nhdp va chat lugng séng cho nguoi dan cac tinh
mién Tay Nam bd (Anh et al, 2010),. Tuy nhién, mo
hinh nudi tham canh mét do cao cling kéo theo nhiéu
thach thtic mai truong. Lugng l6n thiic an du, phan ca
va tdo chét tich tu tao 16p bun day giau chét hiiu co, nito,
phét pho, trung binh tti 1-1,5 tdn bliin cho mdi tén ca.
Néu khong dugc xti 1y, bun nhanh chéng lang ddy day
a0, lam giam thé tich hiiu ich, ting nhu ciu thay nudc,
dong thoi phat sinh khi nha kinh nhu NH;, CHy, H.S,
gdy 6 nhiém nguon nudc, de doa hé sinh thai thuay vuc
va stic khde cong dong (Jespersen et al., 2014).

Hién nay, tai Viét Nam, bun thai tii a0 nudi ca tra
thudng dugc nao vét dinh ky va xti ly theo cac phuong
phép truyén thong nhu phoi kho, i dong tu nhién hodc
thdm chi xa truc tiép ra moi trudng ma khong qua bét
ky qua trinh phéan hay sinh hoc kiém soat nao. Tuy
nhién, cac phuong phap nay ton tai nhiéu bat cap. Phoi
hodc & bun ngoai trdi doi hoi dién tich 16n, thaoi gian
dai, hiéu qua 6n dinh thidp va khong ngan chan triét
dé nguy co lay lan mdm bénh (Morello et al., 2022).
Dt bun thi chi phi cao, tiéu ton ndng lugng, dong thoi
phat thai khi doc, di ngugc lai xu huéng giam phat
thai CO, (Chang et al., 2025). Cac nghién ctiu ciing
chi ra cac giai phap xt ly co hoc, héa ly méc du xt ly
nhanh nhung thudng kho trién khai & quy mo nong
ho, gay t6n kém va dé€ lai lugng can thi cdp can xu ly
ti€p theo (Bachev et al., 2021; Patel et al., 2021). Trudc
thuc trang do, viéc nghién ctiu va ap dung cac cong
nghé xt ly bun thai bén viing, chi phi thap va an toan
moi truong 1a mot yéu cau cdp thiét khong chi & Viét
Nam ma con trén pham vi toan cau.

Trong boi canh do6, phuong phap xti ly chat thai rin
htiu co bang sinh hoc, dién hinh la st dung trun qué
(Perionyx excavatus), da va dang thu hut sy quan tam
ddc biét cua gidi nghién ctiu cling nhu cac nha quan ly.
Qua trinh xt ly sinh hoc ¢6 uu diém néi trdi so véi cac
phuong phap khac: chi phi van hanh thidp hon, khong
doi hoi hé thdong thiét bi phtic tap, han ché phat sinh
6 nhiém thu cip, dong thoi gop phén tai ché chat thai
hiiu co thanh cac san phidm gia tri gia ting nhu phan
htiu co hodc nguyén liéu lam thic dn chin nuoi (Singh

et al., 2019). Ngoai ra, qud trinh nay con ho trg giam
phat thai khi nha kinh, cai thién c4u tric va kha ning
gili dm ctia dat, gidm phu thudc vao phén bén héa hoc,
qua d6 dong gop truc tiép vao muc tiéu phat trién nong
nghiép tudn hoan, kinh t€ xanh va bén viing.

Trun qué la loai sinh vat dat c6 kha nang tiéu thuy,
phan gidi nhanh cac hgp chit hiiu co, chuyén hoa chat
nén giau carbon, nito va khoang thanh phéan trun,
mot loai phin bon hiiu co 6n dinh, gidu dinh dudng,
chtia trung binh khoang 1,5-2,5% N, 1-1,5% P,Os va
1,2-2% K,O (Pottipati et al., 2022). Dong thoi, sinh
khdi trun phat trién trong qua trinh xt Iy ciing rét giau
protein (48-55% khoi lugng kho) va lipid, c6 thé st
dung lam nguon thtic an thiy san hoac gia cam(ZHU
etal., 2009. Diéu nay maé ra co hoi khép kin chudi tuan
hoan ngay tai hé thong nuoi ca tra: bun ao thai ra dugc
xt ly truc tiép boi trun qué, tao phén hiu co dé cai
thién dat, giam dung phén boén v6 co, con sinh khéi
trun lai quay trd lai lam thtic an cho c4, giam chi phi
thiic an cdng nghiép va t6i uu hiéu qua kinh té téng thé
(Abdel-Raouf et al., 2012; Li et al., 2019).

Dé gop phan hoan thién giai phap xt ly sinh hoc
cho phé phdm nganh thay san dong théi mé ra hudng
phét trién md hinh nuoi ca tra tuin hoan, bén viing,
giup gia tang gid tri kinh té va giam thiéu tdc dong tiéu
cuic dén moi trudng, nghién ctiu nay da dugc thuc hién
nham danh gia t6i vu cac yéu t6 ky thuat nhu ty 1é phéi
tron bun vé6i phu liéu xo duia d€ diéu chinh ty 1é C/N,
do x0p, kha nang git 4m; cing nhu mat do triin ban
dau d€ dat dong thai muc tiéu nang cao téc do phan
giai hitu co, tdi uu chét lugng phan trun va sinh khéi
trun (Katiyar et al., 2023). Bén canh d¢, thi nghiém
nhdm danh gia ky ludng cac chi tiéu chét lugng phan
trun nhu pH, d6 4&m, ham lugng hiiu co, N, P,Os, K,O
dé dam bao dap ting yéu cau cuia QCVN 01-189:2019/
BNNPTNT, tu d6 c6 thé thuong mai hdéa va dp dung
rong rai trong cai tao dat nong nghiép.

2.POITUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu va doi tugng nghién ciiu

Trong nghién ctiu nay, mau bun thai ti ao nudi
ca tra dugc thu thap tai cic ao nudi cua Cong ty C6
phan Xudt nhap khiu Thuy san Bén Tre, dién hinh
cho hinh thtc nuo6i ca tra thim canh tai Péng bang
song Ctiu Long. Vao thoi diém cudi vu nuoi va sau thu
hoach ca tra mau bun dugc ldy ti day ao, cac yéu t6
anh hudng dén chat lugng bun day ao nhu thiic én du
thiia, chat thai ti ¢4, xac chét clia vi sinh vat va cac tac
nhin moi trudng da dat mic 6n dinh nhat. Trun qué
la loai trtin ¢6 kha nang phan hiy nhanh cac hop chit
hiiu co. Truin qué dugc mua tii Céng ty C6 phan Trang
trai Sach, tinh Tién Giang, dam bao ngudn giong khoe
manh, dong déu vé kich thudc va sinh trudng 6n dinh.
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Bang 1. B6 tri thi nghiém danh gia ty 1¢ bun ao ca tra va xo diia

Ngiem i | Tylebinsodia | Cpoilingbin | Kbillgngaodia | KOG ong et
NT1 80:20 24 6 2
NT2 80:20 24 6 1
NT3 100:0 30 0 2
NT4 100:0 30 0 1
NT5 90:10 27 3 1
NT6 90:10 27 3 2
NT7 90:10 27 3 3
NT8 90:10 27 3 2
NT9 80:20 24 6 3

NT10 100:0 30 0 3

Xo dtia st dung lam vét liéu phdi tron nhdm cai thién
tinh chédt co hoc ctia bun, tang do toi x6p, diéu chinh
d6 dm va ho trg qua trinh thong khi. Xo diia ¢6 san
tai dia phuong, la nguyén liéu tai ché tii nganh cong
nghiép diia Bén Tre, goép phan ning cao tinh bén viing
cta mo hinh nghién ctiu xt ly bun ao nuoi ca tra.

2.2. Phuong phdp va dia diém thuc hién

Nghién ctiu dugc thyc hién tai Phong thi nghiém
Cong nghé Nong nghiép va Moi truong Bén viing
(SATEL), Vién Khoa hoc lién nganh, trudng Dai
hoc Nguyén Tat Thanh. Nghién ctu dugc trién khai
nham giam thiéu 6 nhiém moéi truong do bun thai
phat sinh tif ao nudi ca tra, dong thaoi tan dung san
phdm thu dugc la trun qué lam thic an b6 sung cho
ca tra va st dung phan trun qué lam phan bén hiiu co
cho cay trong (Mupambwa et al., 2018). Qua trinh xu
ly bun thai dugc thuc hién thong qua phuong phap
toi uu hoa bé mat dap ung (RSM - Response Surface
Methodology) két hgp véi thiét ké mo hinh 1dp tam
(CCD - Central Composite Design). Phuong phap
dugc ap dung nham xdc dinh anh hudng cta ba yéu
t6 chinh bao gom ty 1¢ bun thai ao nudi (80 - 100%),
ty 1é xo dtia phoi tron (0 - 20%) va khai lugng trun
qué ban dau (1 - 3 kg) Ién lugng phan va chét lugng
cta trun qué thu dugc. Thi nghiém dugc bé tri véi
10 nghiém thuc khac nhau, thiét ké bing phan mém
Design-Expert dugc thé hién tai Bang 1.

Sau khi phéi tron, bun dugc dung trong cac thung
x6p kich thudc 7 x 50 x 64,5 cm (thé tich 0,1 m?), mdi
thung chtia khoang 30 kg chat nén, chiém khoang %
thé tich, dugc dit & vi tri thodng mat, cao rdo, tranh
ngdp ung, anh sang truc ti€p. D6 pH cta nén nudi
dugc duy tri 6n dinh trong khoang 6,5 - 7,5 nhim dam
bao diéu kién ly tudng cho qua trinh phat trién cua
trun. Trong sudt qua trinh thi nghiém, cac thiing dugc
b6 sung thic dn dinh ky vé6i lugng khoang 0,0025 m®

moi 2 - 3 ngay dé€ duy tri moi trudng dinh dudng 6n
dinh. Viéc sap xép va kiém sodt chat ché cac yéu t6 trén
cho phép danh gia chinh xac anh hudng ctia tiing bién
thi nghiém cting nhu xac dinh dugc diéu kién t6i uu
cho hiéu qua xti Iy bun thai va phat trién trun qué, gép
phéan hoan thién giai phap sinh hoc xti ly chat thai theo
huéng tuan hoan, bén viing.

2.3. Phuong phdp ldy mau va tan sudt

Dbé danh gid hiéu qua xt ly, ngoai chét lugng cua
trun qué va lugng phéan thu dugc. Nghién ctiu da tién
hanh phén tich cac chi tiéu quan trong phan anh déc
tinh Iy héa hoc va gid tri ndng hoc cta san phdm. Chi
tiéu pH dugc xac dinh theo tiéu chuidn TCVN 13263-
9:2020, cho phép danh gia tinh axit hodc kiém cta
moi truong bun, yéu t6 c¢d anh hudng truc tiép dén
kha nédng sinh trudng ctia vi sinh vét va cay trong. Do
4m dugc xac dinh theo phuong phap sdy khéi lugng
quy dinh tai TCVN 9297:2012, nham xac dinh ty 1é
nudc con lai trong bun, tii d6 diéu chinh thich hgp
qua trinh bao quan va st dung. Ham lugng chat hiiu
co dugc xac dinh dya trén phuong phdp nung mau va
mat khoi lugng & nhiét do cao, theo tiéu chudn TCVN
9294:2012, phan anh mtic d¢ giau chat nén hiiu co
can thiét cho qud trinh khoang héa dat. Song song
do, tong ham lugng nito dugc xdc dinh bing phuong
phép Kjeldahl theo TCVN 8557:2010, cung cap thong
tin vé tiém ndng cung cdp dam cho cay trong. Ham
lugng phét pho hitu hiéu (P,0,) dugc do theo TCVN
8559:2010, va ham lugng kali hitu hiéu (K,0) dugc
xac dinh theo TCVN 8560:2018, hai chi tiéu nay phan
anh kha nang cung cap dinh dudng da lugng thiét yéu
cho cay. Ngoai ra, ty 1¢ C/N dugc tinh todn dua trén
ham lugng carbon va nito da phén tich, lan lugt theo
TCVN 9294:2012 va TCVN 8557:2010, giup danh gia
mtuc do can doi dinh dudng va kha nang khoang héa
cta chat nén.
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Hinh 1. Cdc chi tiéu vat ly trong qud trinh xii Iy bun ao nudi cd tra bang trim qué: (A) pH; (B) Nhiét do; (C) do dm

3. KET QUA VA THAO LUAN

3.1. Ddnh gid cdc chi tiéu vit ly trong qud trinh xi
Iy bitn ao nudi cd tra bang trin qué

Sau giai doan 0 yém khi so bd nham diéu hoa moi
trudng nén, trun qué dugc dua vao hé thong dé tiép
tuc xti ly bun thai ao nudi ca tra. Trong su6t 43 ngay
van hanh, cac chi tiéu vét ly cht dao gobm pH, nhiét
do6 va do dm dugc ghi nhan dinh ky, qua d6 phan anh
mtuic d6 6n dinh ctia nén xt Iy, kha nang thich nghi cta
trun ciing nhu hiéu qua ctia phuong phap phoéi tron
va cham séc. Pay la cac thong so then chot anh hudng
truc ti€p dén hoat tinh ctia hé vi sinh vét va sinh vat
dat, dong thai quyét dinh kha nang phan giai chét hitu
¢, chuyén hoa cac hgp chat nito, phét pho, gép phan
nang cao hiéu qua xt ly tdng thé.

Két qua Hinh 1A mo ta pH trong qua trinh xu ly,
két qua theo doi cho thdy gia tri dao dong kha rong, ti
muc thap nhat la 5.9 dén mtic cao nhat la 8.4 tuy theo
nghiém thtc va giai doan xu ly. Tuy nhién, phan 16n
cac gia tri trung vi tp trung trong khoang 6.6 dén 7.6,
la khoang pH dugc xem la t6i uu cho hoat dong trao
d6i chét cua trun qué, von ua moi trudng hoi axit nhe
dén trung tinh. Diéu nay cho thay hé thong da dat dugc
trang thdi can bang sinh hoc nhét dinh sau giai doan
dau thich tng. Cac nghiém thiic c6 ty 1¢ phdi tron xo
dtia cao hon nhu NT6, NT7 va NT8 thuong duy tri pH
6n dinh hon, véi bién do dao dong hep xung quanh
muc trung tinh. Xo diia déng vai tro quan trong nhu
vat liéu dém, c6 kha nang hap phu ion NH4" sinh ra
tu qua trinh phan giai protein trong bun ¢4, ciing nhu
lam cham qua trinh khodng hoa cac hgp chét hiiu co dé
phén huy, ti d6 gidm cac dot bién pH. Ngugc lai, mot
s6 nghiém thiic nhu N'T3, NT5 va NT10 thé hién bién
do dao dong 16n, pH c6 luc Ién trén 8, phan anh qua
trinh phan giai protein manh sinh ra amoniac lam kiém
hoa méi truong, hodc cé thé do kha nang dém ctia nén
phdi tron kém, dan dén bién dong pH manh khi cac hgp

chat dé tiéu phan hiy nhanh chéng. Trong nhiing ngay
dau sau khi tha trun, hoat dong ctia hé vi sinh vat hiéu
khi va vi hiéu khi ting manh d€ phan hty cac hgp chat
hiiu co dé tiéu nhu carbohydrate, protein hoa tan, tu
do sinh ra acid hitu co lam pH c6 xu huéng giam nhe.
Khi cac hgp chit nay can dan va qud trinh khoang héa
6n dinh hon, pH bét d4u ting nhe trd lai nhd san phim
chuyén héa cudi ctia cic phan ting thudng la CO, va ion
bicarbonate. Trun qué ciing gop phan 6n dinh pH thong
qua viéc tiét ra dich co thé mang tinh trung tinh va lam
dong déu mai trudng nho qua trinh di chuyén, dao x6i,
phan bé lai chat nén va vi sinh vat.

Dai véi yéu t6 nhiét do, dit liéu ghi nhan ti 43 ngay
thi nghiém cho thdy bién d¢ dao dong tuong doi hep,
chti yéu tti 26°C dén 30°C, phan anh r6 sy chi phoi cua
diéu kién thoi tiét ngoai troi cling nhu mic do sinh
nhiét bén trong khéi nén xu ly. Nhiét do dugec mo ta
trong hinh 1B cho thdy trung binh gitia cac nghiém
thtic dao dong quanh 27.5°C dén 28.5°C, la viing nhiét
ly tudng cho sy phat trién cta trin qué cing nhu
hoat dong phéan huy hiitu co ctia hé vi sinh vat cong
sinh. Mot s6 nghiém thtic nhu NT6, NT7 va NT9 c6
xu hudng ghi nhan nhiét do cao hon, c6 thé do thanh
phan nén giau dinh dudng, hoat tinh vi sinh manh lam
gia ting qua trinh sinh nhiét cuc bg. Tuy nhién, nhin
chung nhiét do dugc duy tri dudi ngudng 30°C nén
khong gay hién tugng sdc nhiét, bao dam an toan sinh
ly cho trun qué. Két qua cho thay phan 16n cdc nghiém
thic c6 nhiét do phan b6 dong déu, it ngoai 1¢, chiing
to kha ndng tu diéu tiét t6t nhd tuong tac gitia ba yéu
to chinh: btic xa nhiét méi trudng, qua trinh sinh nhiét
vi sinh va kha ndng giti/tan nhiét cta khoi nén. Hoat
dong dao bsi khong ngling cua trun qué ciing gop
phan pha v& cac ving nhiét do cuc b, lam nhiét do
phan b6 dong déu hon trong toan bo thé tich khoi xt
ly. Déy la lgi thé ro rét so véi cac hé thong tinh, von dé
hinh thanh diém néng lam gia ting t6c d6 phan hay
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khong kiém soat, dan dén bién dong pH hodc mét can
bang d6 dm.

Yéu t6 do &m dugc theo doi sudt chu ky xti Iy va cho
thdy nén dugc duy tri khd tét trong khoang tii 60% dén
80%, von la ngudng t6i uu cho ho hap va hoat dong tiéu
héa ctia trun qué. Cac nghiém thic nhu NT1, NT6 va
NT8 cho thdy d6 4m 6n dinh, trung vi dao dong quanh
70% va bién do hep, phan anh vai tro ctia xo diia trong
viéc gili nudc, giam dao dong dm gitia ngay va dém.
Ngugc lai, nhiing nghiém thtic nhu NT3, NT5, NT7 va
NT9 thé hién muc d6 dao dong d6 4m 16n hon, phan
16i hop ctia biéu d6 mo rong chiing to nudc dé bi béc
hoi hoac phan b6 khong dong déu trong khoi nén. Méc
dui ¢6 bd sung nudc déu din hang ngay, mot s6 thoi
diém d¢ dm van xudng gan mtic 55% - 60%, dic biét
& cac nghiém thic c6 ty 1é xo dua thdp, do kha nang
giti nudc kém hoac cau triac nén bi nén chat lam giam
tinh mao dan.

Tu céc chi tiéu pH, nhiét do va do &m, c6 thé nhan
xét rang qua trinh xt ly bun ao nuoi ca tra bang trun
qué da dat dugc trang thai can bang sinh hoc tuong déi
On dinh sau giai doan thich nghi ban dau. Su c6 mit
cua xd dtia khong chi cai thién do toi x6p va kha nang
giti nudc ma con dong vai tro nhu mot hé dém giap
diéu hoa pH va phan tan déu nhiét do, han ché cac dao
dong bat lgi trong sudt chu ky xti ly. Viéc bs sung nudc
hang ngay két hgp véi dac tinh cdu tric nén ciing gop
phan duy tri d6 4m & mtic t6i uu cho hoat dong cua ca
vi sinh vat 1an triin qué. Nhiing bién dong ngin han vé
cac thong s6 vat ly, nhét la pH va d¢ 4m, da dugc kiém
sodt hiéu qua, khong vuot qua ngudng chiu dung sinh
ly ctia triin, nho d6 qua trinh phan giai htiu co va tich
lay sinh khoi trun dién ra thuén lgi.

3.2. Ddnh gid hiéu qud xii ly bin ao nudi cd tra
bdng trim qué

Sau khi qua trinh G két thic, hon hgp chat nén duge
chuyén sang giai doan xt ly chinh thic bang trun qué.
Trun dugc dua vao cac thung nudi thé tich 0.1 m® véi

Hinh 2. Toi uu hda
khoi lugng trimn thu
hoach: (A) biéu do
2D; (B) biéu do 3D

tong khoi lugng chit nén trong mdi thing la 30 kg.
Khoi lugng trun ban dau dugc thay déi theo cac mtic
1 kg, 2 kg va 3 kg tuy theo thiét ké thi nghiém. T6ng
cong c6 muoi nghiém thiic dugc bé tri tuong ing véi
cac t6 hgp khéc nhau gitia ty 1é phoi tréon bun va xo
dtia, khdi lugng nén va khoi lugng trun giong. Trong
do, cac nghiém thiic NT3 va NT4 st dung hoan toan
bun khong phdi tron xo diia, cac nghiém thiic NT1,
NT2 va NT9 st dung ty 1é phoi tron 80:20, trong khi
cac nghiém thtic con lai st dung ty 1¢ 90:10. Mot s
nghiém thtic nhu NT6 dugc ldp lai nhiéu lan dé tang
do tin cdy cua dii liéu va kiém tra tinh 6n dinh cua diéu
kién xti ly (Hinh 2).

Biéu d6 t6i vu hoa theo moé hinh RSM da thé hién
rd6 moéi quan hé phi tuyén gitia hai bién dau vao la ty 1é
phoi tron blin: xo duia va khéi lugng trun ban dau doi
v6i bién phan hai la khoi lugng trun thu hoach sau 43
ngay xt ly. Phén tich bé mat dap tGing cho thdy diém to6i
uu dat dugc tai t6 hgp diéu kién ty 1é bun:xo dita 90:10
va khdi lugng trun giéng la 2.0 kg, v6i khéi lugng trun
thu hoach du doan la 3.45 kg. Déy la viing c6 mau cam
dam trén biéu do contour va viing dinh trén d6 thi 3D,
phan anh hiéu qua t6i da vé mit sinh khoéi trong hé
thong xt ly.

Khi phén tich xu huéng thay déi ctia biéu do, cé
thé nhan thdy rang viéc giam ty 1é bun va ting ty 1é xo
dtra tlf 100:0 dén 90:10 hodc 80:20 giup cai thién dang
ké hiéu suit sinh trudng cta trun. Cu thé, & nghiém
thtic st dung 100% bun, khoi lugng trun thu dugc dao
dong ti 0.93 kg dén 1.75 kg, thdp hon rat nhiéu so véi
cac nghiém thiic c6 bs sung xo diia. Di€u nay c6 thé ly
giai do ban chat ctia bun ao cd tra c6 do dic cao, thiéu
do toi x0p va dé bi yém khi cuc bo. Néu khong co vat
liéu x6p nhu xo duia lam gid thé dém, trun sé gap kho
khan trong viéc di chuyén, trao déi khi, va khong co6
khodang trong thich hgp d€ tra dn. Diéu nay dan dén
hién tugng trun phan bo khong déu trong hé, tich tu
CO, cuc bo va gay uc ché sinh ly. Ngugc lai, khi ty 1¢ xo
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dira dugc bé sung ¢ mic hop ly, ching han 10%, chit
nén trd nén x6p hon, cé kha nang gitt 4m t6t, cung cap
cac vi khoang trong khi cho trun tra 4n va phat trién.
Ngoai ra, xo diia con hoé trg diéu tiét do pH va do dan
dién trong nén, han ché bién dong dot ngot ctia cac chi
tiéu mai truong trong sudt qua trinh xt ly.

Vé khoi lugng triin ban déu, dit liéu cho thay rang
viéc tang khoi lugng trun tii 1.0 kg 1én 2.0 kg lam ting
dang ké khoi lugng trun thu hoach, véi cac gia tri ting
tu 2.05 kg 1én 3.38 kg, theo dii liéu thuc nghiém tai ty
1é¢ bun:xo duia 90:10. Tuy nhién, khi ting khoi lugng
trun 1én 3.0 kg, khoi lugng thu hoach khong tang
tuong ting, tham chi c6 xu huéng giam nhe xudng con
2.70 kg. Hién tugng nay cho thdy rang mat d¢ trun qud
cao dan dén canh tranh sinh hoc, gidm kha ning tiép
can nguodn dinh dudng va lam tang mdc tiéu hao oxy
noi tai trong chit nén, dan dén giam hiéu sudt téng
thé. Ngoai ra, mat do triin 16n trong mot thé tich xu ly
gi6i han con c6 thé gay stress quan thé, lam ting ty 1é
chét va tic ché sinh trudng ctia ca thé non. Xét trén mo
hinh va bang di liéu thuc té, ¢6 thé thiy hiéu qua sinh
trudng dat cao nhat tai ty 1é bun:xo diia 90:10 va khoi
lugng trun ban dau 2.0 kg, khi d6 khéi lugng trun thu
hoach dat 3.38 - 3.75 kg, cao hon 1.5 - 2 lan so véi cac
t6 hop khac. Trong khi d6, cac nghiém thuic & hai cuc
doan ctia méi yéu t6 (ttic 100:0 hodc 3.0 kg trun) déu
cho két qua thap hon muc t6i uu tii 20% dén gan 70%,
tuy t6 hgp (Hinh 3).

Biéu do6 t6i uu hoa khoi lugng phén triin thu hoach
tai hinh 3 cho thdy r6 anh hudéng dong thoi cua hai
yéu t6 dau vao gom ty 1é bun: xo diia va khai lugng
trun ban ddu dén nang sudt phan hiiu co tao ra trong
hé théng. Tai ving trung tdm ctia bi€u d6, m6 hinh du
doan khoi lugng phan trun dat cuc daila 9.86 kg khi st
dung ty 1é bun:xo duia la 90:10 va khéi lugng trun ban
dau la 2.0 kg. Diéu nay hoan toan tuong dong véi két
qua t6i uu vé khoi lugng trun sinh truéng da dugc ghi

Hinh 3. T6i vuu héa
khoi lugng phan thu
hoach: (A) biéu do
2D; (B) biéu dé 3D

nhén trude do, cho thdy day 1a t6 hop diéu kién dong
thoi t6i uu ca vé mat xt ly chéat htitu co lan sinh khéi
trun tao thanh.

Xu huédng thay ddi theo ty 1é bun:xo dita dugc thé
hién ro: khi ty 1¢ xo diia tang, lugng phan trun thu
dugc ting lén 16 rét. Cu thé, & muc 100% bun (khong
phoi tron xo diia), ndng suat phan thu dugc chi dao
dong tii 3.7 dén 5.3 kg, trong khi & ty 1¢ 90:10, con s6
nay dat gan 10 kg. Nguyén nhén c6 thé giai thich la
do xo diia ngoai vai tro tao két cau thong thoang con
cung cdp chat xo khong phan giai nhanh, giap trun
tang cuong hoat dong dao béi, dong thoi ho trg duy tri
d6 dm, gidm tinh trang bun vén cuc va tang kha ning
thdm khi trong hé théng. Nhiing diéu kién nay déc
biét can thiét trong cac hé thong xt ly yém khi ban tu
nhién, von thiéu kha ning suc khi co hoc. Néu chi st
dung bun nguyén chit ma khong b sung xo duia, moi
trudng trd nén bit kin, nghéo oxy vi mo, dé sinh khi
doc nhu amoniac va H,S, tif d6 lam gidm hoat lic phan
giai ctia truin va cac vi sinh vat hiéu khi cong sinh. Vé
yéu t6 khéi lugng triin ban dau, két qua phan tich cho
thdy khi tang khoi lugng trun tit 1.0 1én 2.0 kg, khdi
lugng phéan thu dugc ciing ting tuong ting tii 7.2 kg 1én
gan 9.9 kg, phan anh r6 hiéu qua tang mat do sinh hoc
hgp ly. Tuy nhién, khi khoi lugng trun ting 1én 3.0 kg,
lugng phan tao ra lai giam chi con khoang 6.23 kg, cho
thay xu hudng qua tai sinh hoc. Mat do trun qua cao
dan dén sy canh tranh vé khong gian tru 4n, thic an
va oxy, dong thdi c6 thé gay stress quan thé, lam giam
hiéu sudt chuyén hoa hitu co thanh phan. Khi két hgp
cd hai yéu t6, c6 thé thay hiéu qua thu phén trun dat téi
da trong viing gi6i han khodng 88% dén 92% bun két
hop 8% dén 12% xo dia, cung véi khoi lugng triin ban
dau dao dong 1.8 kg dén 2.2 kg. Bay la viing hoat dong
6n dinh, gitup hé thong duy tri hiéu qua xu ly ngay ca
khi diéu kién vat liéu khong hoan toan dong nhat, diéu
rat phd bién trong ting dung thuc té tai cic trang trai
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quy m6 nho. Mot di€ém dang chu y 1a xu hudng giam
hiéu sudt phan trun ro rét khi ca hai yéu t6é cung ting
dén cyc dai hodc gidm dén cuc tiéu. Cu thé, t6 hop
100% bun va 3 kg trun cho san lugng phéan thap nhét,
chi dat khoang 3.79 kg, phan anh tac dong bt lgi tich
lay ctia chit nén qua ddc va mét do trun qua cao. Di
liéu m6 phong nay ciing hoan toan khép véi gia tri
thuc nghiém, cang cung c6 tinh tin ciy ctia m6 hinh
RSM da xay dung.

Phan tich ANOVA cho thdy ca hai mé hinh hoi quy
bac hai nham t6i uu khéi lugng trun va lugng phéan thu
hoach déu dat y nghia thong ké (F-value lan lugt 12.96
va 10.65, p < 0.05), chting minh moéi quan hé gita ty 1é
bun:xo dua (A), khdi lugng truin ban dau (B) va két qua
dau ra khong xdy ra ngau nhién. Trong moé hinh du bao
khdi lugng trun, cac bién A® va B? c6 p < 0.05, khing dinh
tac dong phi tuyén, ttic trin phat trién t6t dén ngudng toi
uu r6i giam khi vugt tai. Tac dong tuyén tinh A, B chua ro
rét nhung van can thiét. Khong co tuong tac dang ké gitia
A va B, cho thdy ching anh hudng doc lap.

Dai v6i mo hinh t6i uu lugng phéan, A dat y nghia
(p = 0.0283), cho thay r6 vai tro phéi tron xo diia, con
B? rdt quan trong (p = 0.0071), phan anh hién tugng
qua tai sinh hoc khi méat d6 triin cao. Ca hai mé hinh
déu c6 Lack of Fit khong dang ké (p > 0.46), chiing
to phu hgp thuc nghiém, véi R? cao (0.93-0.94) va
Adjusted R? tii 0.84-0.87, gidi thich 84-94% bién
thién. Tuy nhién, Predicted R? thdp hon (=0.56), cho
thdy can thi nghiém xdc nhén d€ cing c6 kha nang du
bdo. Gid tri Adequate Precision trén 9 khdng dinh mo
hinh dang tin cay.

Két qua nay phu hgp v6i co ché thuc té: tang bun
(gidam xo dtia) lam giam trun va phan do nén kém
thoang, yém khi, con qua nhiéu trun ban dau gay canh
tranh, gidm hiéu qua xt ly. Cac phuong trinh hoéi quy
bac hai thu dugc da mo6 ta chinh xdc ma6i lién hé va xac
dinh khodng t6i uu, lam co s& thiét 1ap quy trinh nudi
trun xu ly bun ao ca tra hiéu qua.

Phuong trinh d4u tién mo ta khdi lugng trun thu
hoach nhu sau:

Y,=-86.39643 + 1.94931A +2.77893B + 0.00675AB
-0.011029A% - 0.767857B>

Két qua cho thdy ca hai yéu t6 A va B déu c6 anh
hudng dang ké dén sinh trudng trun, trong dé A biéu
thi vai tro diéu tiét co hoc cua xo diia trong hén hgp
va B thé hién sy gia tang khoi lugng trun ban d4u lam
co s& sinh khéi. Cac hé s6 am & A? va B? khéng dinh
xu hudng cuc dai ctia hé thong, tiic 1a sau mot ngudng
toi uu, hiéu sudt thu trun sé giam néu tiép tuc tang ty
1é¢ bun hodc mat d6 trun ban dau.

Tuong ty, phuong trinh thi hai mo ta khai lugng
phan trun thu dugc sau xu ly:

NGHIEN CUU

Y, = -106.94119 + 2.46245A + 11.43702B -
0.01325AB - 0.014157A% - 2.72071B>

Trong phuong trinh nay, yéu t6 B c6 anh hudng ro
rét hon véi hé s6 16n, phan anh méi quan hé mat thiét
gitia sinh khoi ban dau va lugng phan tich lay dugc.
Tuy nhién, hé s6 4m cta B? cho thdy néu mat d6 trun
vugt qua gidi han sinh hoc, kha nang chuyén hoa chit
hiiu co sé bi suy gidm. Cing tuong tu nhu Y, ty 1é
bun qué cao ma thi€u xo duia sé lam moi trudng nén
chat, gay thiéu khi va tic ché hoat dong cua vi sinh vat
va trun, tii d6 lam giam hiéu qua xt ly. Tu cac két qua
mod hinh héa dé xudt t6i uu dat dugc tai ty 1€ phoi tron
bun/xo diia 1a 90:10 va khoi lugng trin qué ban dau la
2kg tli d6 cho thdy hiéu qua t6i uu lugng ttruin va phan
thu hoach dugc sau qua trinh xt ly lan lugt 1a 3.45kg
va 9.47kg. Két qua cho thay nghién ctiu khi phoi tron
v6i xo duia va u trong thoi gian 43 ngay cho hiéu qua
xt ly lugng bun cao hon phéi tron véi luc binh theo ty
1¢ 7:3 v6i thoi gian 90 ngay (Kien et al., 2024).

Két qua nghién ctiu cho thay, qua trinh xt ly bun
thai ao nuoi ca tra bang trun qué da budc dau tao ra
san phdm phan trun c6 tiém nang lam phéan bon hitu
co, song chat lugng phan thu dugc con bién dong dang
ké gitia cac nghiém thtc va chua hoan toan dap tng
dong bo tit ca tiéu chuin theo QCVN 01-189:2019/
BNNPTNT. Chi tiéu pH cta phan trun dao dong ti
5.07 dén 6.33, phu hgp ngudng quy chuén (5.5-8.5),
ngoai trti NT6 tiém can giéi han dudi, phan anh moéi
truong hoi axit. D6 dm ctia tat ca cdc nghiém thic déu
vugt qua muc cho phép 30%, dao dong tu 36.3% dén
53.2%, cho thdy cin c6 giai doan phoi hodc sdy dé 6n
dinh khi dong géi, bao quan.

Ty 1¢ C/N - chi tiéu quan trong phan anh muc do
6n dinh phén hty hiiu co - chi dat chudn (10-20) &
NTI1, NT5, NT6, NT7, NT8 va NT9, trong khi NT2
qua cao (27.5) va NT3, NT4, NT10 qua thap (<10),
bdo hiéu du thiia carbon chua phan giai hoiac ngugc
lai la qua trinh khodng héa manh dan dén thiéu
carbon, cin diéu chinh phoi tron hodc kéo dai thoi
gian 0. Ham lugng chét hitu co chi dat yéu cau t6i
thi€u 15% & NT1, NT2, NT5, NT6, NT7, NT9, cac
nghiém thtic con lai thap hon, cho thay han ché nguén
carbon hodc phén huy chua triét €. Ham lugng nito
téng dat chudn >0.5% & hau hét mau, ngoai trit NT2
va NT4 hoi thap, chiing minh kha néng tich liy dam
tot nho hoat dong dong hda ctia trun. VE 1an hitu hiéu
(P205), cac nghiém thiic NT2, NT3, NT4, NT7, NT8
va NT10 dat chudn >0.3%, nhung mot s6 mau khac
khong phat hién, do d6 can kiém soat phuong phap
kiém dinh chat ché hon. Kali httu hiéu (K20) lai 1a
chi tiéu yéu nhdt, chi NT1 dat chudn >0.5%, cic mau
con lai thap hon hoac khong phat hién, phan anh nhu
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Bang 2. Chit lugng phan trun sau qua trinh xu ly

STT Chi tiéu Donvi | NT1 | NT2 | NT3 | NT4 | NT5 | NT6 | NT7 | NT8 | NT9 | NT10
1 pH ; 593 | 633 | 612 | 609 | 603 | 507 | 572 | 572 | 587 | 627
2 D6 fm % 492 | 492 | 364 | 375 | 422 | 422 | 432 | 444 | 532 | 363

Ty 1é C/N - 195 | 275 | 618 | 92 | 188 | 143 | 114 | 127 | 176 | 433
4 Hamhlii"ng chét % 288 | 248 | 856 | 894 | 186 | 16 | 185 | 14 | 236 | 5.53
uu co
5 Ham lugng % 067 | 041 | 063 | 0.44 | 045 | 051 | 0.74 | 05 | 061 | 058
Nito tong
6 |HamlugngP O, | % KPH | 037 | 049 | 051 | KPH | KPH | 041 | 04 | KPH | 032
7 | Ham lugng K,0 % 052 | 041 | KPH | KPH | 025 | 021 | 027 | 022 | 044 | KPH

cau b6 sung nguon kali ty nhién néu dinh hudng san phidm thuong
mai (Bang 2).

Nhin chung, NT1 la nghiém thtic duy nhat dat dong thoi gan day
du cac chi tiéu chinh (trtt d6 4m), trong khi NT6 - nghiém thtic t6i
uu theo m6 hinh RSM - tuy chua dat vé d6 4m, chét hiiu co va kali,
nhung van cho thdy tiém néng ting dung sau xt ly b sung nhu phoi
sdy, cai thién nguyén liéu dau vao. Cac nghiém thic NT3, NT4, NT10
6 chit lugng thap, khong phu hop yéu cau ky thuét, can loai bo hodc
diéu chinh cong thiic phoi tron. Két qua nay nhdn manh vai tréo quan
trong cua viéc thiét 1ap ty 1é bun:xo dua hgp ly, kiém soat mat d6 trun
ban d4u ciing nhu thoi gian 0 d€ nang cao chét lugng phan trun, dép
ung tiéu chudn st dung néng nghiép, gop phan vao phat trién mo
hinh tuan hoan, bén viing cho viing nuéi ca tra.

3.3. Dé xudt quy trinh xii ly biin ao nudi cd bang trin qué

Dinh huéng xt ly bun day ao nudi ca tra theo mo hinh két hop
nudi trun qué khong chi giai quyét hiéu qua van dé phé pham phat
sinh trong qua trinh nu6i tréong thiy sin ma con tao ra gia tri gia
tang, huéng t6i phat trién tuin hoan. Quy trinh bit ddu bing viéc
thu gom bun day ao ca tra, mot ngudn chat thai giau hitu co nhung
tiém 4n nguy co giy 6 nhiém néu thai tryc tiép ra moi trudng. Bun
sau d6 dugc phoi tron véi xo duia theo ty 1€ 90:10, viia cai thién do toi
x0p, tang kha nang giti 4m, viia cung cip thém lignocellulose gitp can
bang C/N. Hon hgp nay tiép tuc dugc u so bd trong 10 ngay nham 6n
dinh céc thong s6 sinh hoc nhu pH, d¢ 4m va gidm néng do cac hop
chat dé phan huy, tranh géy s6c cho hé sinh hoc.

Sau giai doan 6n dinh, trun qué dugc bd sung vao khoi nén dé bat
dau giai doan xt ly chinh kéo dai 43 ngay. Trong sudt qua trinh nay,
trun qué tiéu thu bun, xo diia va cic hgp chat hitu co dé phéan huay,
dong thoi dao x6i khéi nén giup tang cuong oxy, thuc ddy hoat dong
vi sinh vét va phan giai cac chat hitu co con lai. Két qua cudi cung la
san phdm phan trun qué - mot loai phan hiu co 6n dinh, giau chat
dinh duéng nhu nito, lan, kali, phu hgp cai tao déat, nang cao d¢ phi
nhiéu, giam phu thudc vao phan bén héa hoc.

Ddc biét, ngoai viéc tao phan hitu co, m6 hinh con mang lai nguén
sinh khoi truin qué c6 thé tdn dung lam thic an giau dam cho ca tra,
qua d6 khép kin chubi tuin hoan vat chat ngay tai hé thong nuoi. Giai
phép nay khong chi giam chi phi thiic dén cong nghiép ma con gia tang
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Bun day ao ca tra
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Phéi tron
Ty 1€ bun/xo dira: 90:10

U sobo

U trong 10 ngay dé mé tnromg n dinh

¥

B6 sung trin qué

L 2

Phén trin qué

Hinh 4. Quy trinh xi ly biin ao cd tra
bang trin qué

hiéu qua sinh hoc t6ng thé. Nhu vay,
toan bo quy trinh da tan dung triét dé
phé phdm bun ao nudi, bién chit thai
thanh nguodn tai nguyén c¢ ich, tu do
gop phéan xdy dung hé théng nudi ca
tra than thién moi truong, tiét kiém
chi phi va phat trién theo hudng kinh
t€ tuan hoan, bén viing.

4.KET LUAN VA KHUYEN NGHI

Nghién ctiu nay da chiing minh
tiém ndng dp dung trun qué (Perionyx
excavatus) dé€ xt ly bun thai ao nudi
ca tra, qua d6 bién phé phdm thuy san
giau hiiu co, nito va phét pho thanh
cac san phidm c6 gid tri gia ting theo
huéng kinh té€ tuan hoan. Két qua thuc
nghiém va mo hinh hoéa cho thay ty 1é
phoi tron bun:xo dua 90:10 két hgp



mat do trun ban dau 2 kg da dat t6i uu, cho sinh khéi
trun thu hoach 3.45 kg va phan trun 9.47 kg sau 43
ngay. Phan tich vé mdt chat lugng, phan trin nhin
chung dap tng tét tiéu chudn QCVN 01-189:2019/
BNNPTNT vé pH, ty 1é C/N, nito va phét pho c6 thé
tai st dung trong nong nghiép.

Bén canh d6, mot s6 han ché ctia nghién ctu cling
dugc xac dinh nhu chua tap trung chuyén sau vé méi
lién hé gitia cac chi tiéu vi sinh vat c6 1gi va tinh ndng
cai tao dat cua phan trun, ciing nhu chua thuc hién cac
thi nghiém cho dn thuc nghiém trén ca dé danh gia truc
ti€p hiéu qua sinh khdi trun lam thiic an. Ngoai ra, viéc
ki€m soat dong nhat ngudn nguyén liéu bun va xo duia &
quy mo 16n van la thach thic khi ap dung thuc té.

Tt nhiing han ché nay, nghién ctiu mé ra cac huéng
di méi cho tuong lai, bao gobm nghién ciiu bd sung cac
phu liéu phdi tron khac nhu tro trdu, min cua nham cai
thién ty 1¢ C/N, t6i uu hoa thém thanh phan dinh dudng
cua phan trun, cing nhu tich hgp céng nghé vi sinh dé
tang kha nang phéan huy hiiu co va c6 dinh dudng chat.
Ngoai ra, can trién khai thém cac nghién ctu cho an
thuc nghiém truc tiép trén ca tra d€ danh gid gid tri sinh
hoc cuia sinh khéi trun lam thtic an giau protein.

Trén co s& cac két qua da dat dugc, nghién ctiu cd
thé lam co s¢ dé€ 4p dung phuong phap xti ly bun thai
bang trun qué tai cidc doanh nghiép dang hudng dén
giai phap quan ly chat thai bén viing, tiét kiém chi phi
xu ly so véi cac phuong phap co hoc, hoa ly. Pong
thai, viéc thuong mai hoa san phdm phén trun qué va
khai thac sinh khoi trun lam thic an c6 thé tao thém
nguon thu, giam phu thudc vao thiic dn cong nghiép,
gop phan tang loi nhudn téng thé. D€ mo hinh phat
huy hiéu qua, cac co quan quan ly can ho trg dao tao
ky thuét, thiét 14p tiéu chudn chat lugng phén trun cu
thé hon cho tling loai céy trong, va xay dung co ché tin
dung xanh, khuyén khich cac hd nudi ap dung cac giai
phép tudn hoan, hudng t6i phat trién bén viing cho
nganh ca tra va nong nghiép.

Loi cdm on: Nhom tdc gid tran trong cam on Trudng
Bai hoc Nguyén Tat Thanh, TPH6 Chi Minh, da ho trg
thoi gian, phuong tién vat chdt va phong thi nghiém thir
nghiém cho nghién citu nay. Nghién ciiu ciing dugc su ho
trg bim thdi va mot s6 nguyén liéu tir Cong ty CP xudt
nhap khdu thiy sdn Bén Tre (Aquatex Bén Tre)m
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