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Tém tit. Bioreactor 1 hé thong nudi ciy nham thu nhan sinh khdi hodc san phdm vi sinh vat. Trong linh
vire moi truong, sinh khdi duge bd sung vao cac hé thong xir 1y gitip gia ting quan thé vi sinh vat co loi
trong nudc thai. Hé thong dugc thiét ké trén vat liéu inox 304 c6 dung tich nudi cay tir 2 dén 10 lit phu hop
cho céc nghién ctru tmg dung quy mé pilot. Hé théng str dung phuong phap gia nhiét qua thanh véi cam
bién nhiét PT100, diéu chinh nhiét d6 trong khoang 30-80°C; dau do pH cua hing Atlas Scientific bién do
do 0-14; co dén UV dé tiét trung, man hinh hién thi cac thong s cai dat, van diéu khién luu lugng khi; co
thé nuéi cdy theo mé hodc nudi cdy lién tuc nhd van nap va van xa. Hé thng c6 thé diéu khién bang tay
hoac b'fmg ph?m mém Bioreactor HC06 cai dit trén dién thoai thong minh két ndi qua Bluetooth.

T khéa: bioreactor, nudi céy, sinh khéi vi sinh vat, xu ly nudce thai.

DESIGN BIOREACTOR TO CONTROL TEMPERATURE AND pH FOR
MICROORGANISM CULTURE AT INSTITUTE OF ENVIRONMENTAL SCIENCE,
ENGINEERING AND MANAGEMENT; INDUSTRIAL UNIVERSITY OF HO CHI
MINH CITY

Abstract. Bioreactor is a culture equipment for capturing biomass or microbial products. In the field of
environment, biomass is added to treatment systems to increase the beneficial microbial population in
wastewater. The bioreactor is designed on 304 stainless steel with culture capacity from 2 to 10 liters
suitable for pilot scale applications. The system uses the method of heating through the wall with PT100
temperature sensor, adjusting the temperature in the range of 30-80°C; the Atlas Scientific pH probe
measuring range 0-14; with the UV light for sterilization, the screen to display of setting parameters, the
air-flow-control valve. The system can be used for for batch culture or continuous culture through intake
and exhaust valves. The system can be controlled manually or by software Bioreactor HC06 installed on a
smartphone connected via Bluetooth.

Keywords: bioreactor, culture, microbial bioass, waste water treatment.

1 GIOI THIEU

Bioreactor hay con goi 1a hé thng 1én men vé co ban nhu 1a mot ndi phan @ng sinh hoc trong do sir
dung mot thing chita dé nudi giit cac té bao nham khai thic cac qud trinh sinh hoa, thu nhan sinh khéi
hodc cic san pham chuyén hoa thir cap. Hé thong cung cap mdi truong dinh dudng va cac diéu kién nudi
ciy co kiém soat dé té bao phat trién theo diing muc dich khai thac [10, 13]. Bioreactor ¢6 thé sir dung dé
nuoi céy cac té bao vi sinh vat, dong vat, thuc vat ... lién tuc hodc theo mé, trong diéu kién hiéu khi hoic
ky khi. Vat lidu thiét ké c6 thé bang inox, thép khong gi, hop kim khang khuan, thiy tinh chiu lyc ...Kich
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thudc hé thdng co thé & quy md phong thi nghiém tir 1 dén 50 lit, quy mo pilot tir 0,3 dén 10m’ hodc quy
mod cong nghiép tir 2 dén 500m’ thuong co ty 1é chiéu cao trén dudng kinh cia thung 1én men hoic 1a 2/1
hodc 1a 3/1 [8.9]. ,

Céc diéu kién trong qua trinh nudi cay c6 thé dugc
kiém soat ty dong hodc ban tu dong thong qua cac bo

- bot diéu khién. Trong diéu kién nudi cdy long, can klem soat
viéc pha trén cac thanh phan trong dung dich va té bao,

. véch ngén nham dam bao sy chuyén khéi ciia cic chat dinh dudng
R idng dén bé mit t& bao mot cach tét nhat. Cuong do pha tron

~ Bmianh tuy thudc loai canh khuay va toc do khuay. Tuy nhién, sit
 turbin det dung canh khqu co thé tac dong dén cAu trac lam pha v&
' té bao. O trudng hop hé 1én men hiéu khi, mot bo phun 16
iing ki 8 tring don hodc mot bo phun vong thuong dugc s dung dé suc

khi cho hé 1én men. Véi thé tich nho, viéc suc khi c6 thé
thay thé cho canh khuidy dé phdi tron té& bao va moi
truong dinh dudng. P pH trong hé 1én men co thé dugc
duy tri bang cach dung dung dich dém hoic bd diéu chinh
pH. Pau do pH c6 thé gin trong hé théng hodc roi bén ngoai. Nhiét d6 duge didu chinh bang hé thong
gia nhiét dat dudi day hodc gia nhiét qua thanh. Phuong phép gia nhiét qua, thanh két hop véi dc‘)ng dung
dlCh bén trong glup qua trinh kiém soat nhiét d6 nhanh va chinh xac hon, dong thoi it anh huong dén cac
té bao tiép xtic gan voi vi tri gia nhiét [6,13].

Trong diéu kién nuéi cay theo mé, té bao vi sinh vat phat trién theo cac giai doan tién phat, logarit,
cin bang va suy vong. Trong diéu kién nudi cdy lién tuc, t& bao vi sinh vat dugc cung cép dinh dudng s&
tiép tuc duy tri & pha can bang. Pha logarit 1a giai doan té bao phén chia lém gia ting sinh khdi nhanh
nhat, dong thoi cling 1a pha tiéu tén nhiéu dinh dudng cia moi trudong nudi cay. Pha cén bang thuong gia
tang cac san pham phu thtr cip, cic chit trao do6i gitra té bao va moi trudong 1am anh huong nhiéu dén
thanh phan moéi truong. Cudi pha logarit, dau pha can bang thuong 14 giai doan tot nhat cho viéc thu nhan
sinh khéi té bao. Pha cin bang 13 giai doan tot nhat cho viéc thu nhan san pham chuyén héa thir cip. Tuy
vao muc dich nuéi cdy dé Iya chon hinh thirc va thoi diém thich hop dé hiéu suat nudi cay 1a téi da
[2,10,14].

Trong cac cong trinh xtr 1y nude thai, viec st dung sinh khéi vi sinh vat cho giai doan khoi dong
hodc bo sung sau tai tudn hoan bun 1a mot vin dé bat budc. Sinh khdi nay c6 thé & dang dong kho hoic
dang nu6c, dugc thu nhan sau qua trinh nudi cdy trong cac bioreactor cong nghiép. Cac chung vi sinh vat
nay phai dugc nghién ciru kha nang thich nghi véi ngudn dinh dudng va cac diéu kién 1y héa dic trung
clia timg loai nudc thai, tir d6 danh gia kha ning lam giam chét hitu co nhu nito, carbon, phospho .... Sau
d6, cac chung vi sinh vat dugc tuyén chon phai qua giai doan thir nghiém pilot trong phong thi nghiém
trén cac mo hinh xur 1y nude thai moé phong cac hé thdng thuc té. Tai Vién Khoa hoc cng nghé va quén ly
mdi trudng, cac mo hinh dugc thiét ké c6 kha nang xir 1y tir 50 — 100 lit nude thai, tuy theo cong nghé va
phuong phap s dung. Twong tmg v&i thé tich nudc thai trén, néu vi sinh vat c6 mat do 10° - 10° té
bao/ml thi can st dung tur 2 den 10 lit san pharn dung dich sau nudi cdy. Thé tich cu thé phai dugc tinh
toan dya trén ham lugng chét rin lo lung trong hon hop dé bay hoi (MLVSS - dai dién cho mat d6 vi sinh
vat c6 trong bun hoat tinh), ty so F/M (thtrc @n/vi sinh vét) va mte do 6 nhiém ciia nudc thai. Thong
thuong, cac chung vi sinh vat tiém ning s& dugc nudi ciy trong cac binh tam gidc trén may lic. Lic nhe
binh tam giac rat hiéu qua dé tao ra dich huyen phui té bao, ting cuong su oxy hoa thong qua bé mat chat
long va tro gitip sw chuyén khdi ciia cac chit dinh dudng ma khong gay nguy hiém cho cau trac té bao.
Tuy nhién phuong phap niy c6 hiéu qua khong cao va khé kiém soat cac diéu kién nudi cay. Mic khac,
dung tich binh tam giac khong dii cho viéc thu nhan mét thé tich san phdm cho cac mé hinh thyc nghiém
xur 1y nudc thai [6,8,9]. Vi vay, can thiét phai co mot h¢ thong mo phong bioreactor trong cong nghiép,
nhung véi thé tich phu hop, van hanh don gian dé phuc vu giang day va cac nghién ctru ng dung ciia
sinh vién va gidng vién.
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2 PHUONG PHAP THi NGHIEM
2.1 Phwong phap nghién ctru thiét ké

- St dung phan mém Autocad 2D va solidwork dé thiét ké va v& mé hinh véi cac yéu cau: (1) thé
tich tir 2 dén 10 lit, (2) gia nhiét trong khoang 30 dén 80°C, (3) diéu chinh pH trong khoang 1 dén14, (4)
c6 kha nang suc khi, tiét trung, (5) co thé bo sung dung dich dinh dudng hodc thu nhan san phim theo
timg mé, (6) dé van hanh va kiém soat trong qua trinh giang day, thuc hién nghién ctru.

- Tir ban v&, tién hanh gia cong trén vat liéu inox 304. Pay 1a chat liéu inox chéng dn mon cao,
chiu nhiét t6t, d& tao hinh, gia cong dugc bang tat ca phuong phap han, khong c6 tir tinh, c6 kha nang dan
hdi cao, gia thanh hop 1y cho viéc gia cong thiét ké. Mic khac, sur dung hé¢ théng béng vat li€u inox trong
qué trinh giang day, nghién ctru s& dam bao vé mdt an toan cho sinh vién so v6i chét lidu thiy tinh.

- Nang cao kha ning giam sat hé théng bang phan mém két ndi véi dién thoai thong minh qua
Bluetooth: dé dang cai dit va sir dung trén cac dién thoai Android, co thé hién thi s liéu va diéu khién
tryc tiép tir dién thoai.

22 Phwong phép danh gia van hanh hé thong

2.3.1.  Thi nghiém vdn hanh danh gid kha ndng 6n dinh nhiét dg, pH va thoi gian nudi cdy theo mé

- Sau khi tiét tring hé thong bang dén UV trong 30 phut, tién hanh céac thi nghiém:

- Thi nghiém 1: Su dung gidng vi khuan Bacillus cho vao hé théng cing méi truong cao thit
peptone da tiét trung va diéu chinh ¢ pH7. Gia nhiét & 3 khoang nhiét do 1a 30°C, 40°C, 50°C. Mai
khoang nhiét d¢ cai dat trong 24 gio. Danh gia hiéu qua nudi cay thong qua mat dg vi khuan,

- Thi nghiém 2: Sir dung giéng vi khuan Bacillus cho vao hé théng ciing moi truong cao thit
peptone da tiét trung. Cai dat nhiét d6 ¢ 30° C. Diéu chinh pH vdi cac giatripH5,6,7, 8. Mbi khoing pH
on dinh trong 24h. Danh gia hiéu qua nudi chy thong qua mat dod vi khuén.

- Thi nghiém 3: Sir dung giéng vi khuan Bacillus cho vao hé thong cung mdi trudong cao thit
peptone da tiét trang. Cai dat nhiét d6 30°C, pH 7, danh gi4 hiéu qua nudi cdy thong qua mat d6 vi khudn
vao thoi diém 24 gio, 48 gio, 72 gid va 96 gio.

Trong do, Thi nghiém 1 danh gia kha nang 6n dinh nhiét d6 caa bd gia nhi¢t. Thi nghi€ém 2 danh gia
kha nang 6n dinh pH cta dau do. Thi _nghiém 3 danh gia sy 6n dinh cua hé thong sau khoang tho1 gian dai
nuoi cay. Moi thi nghiém lap lai 3 lan va tién hanh & hai mirc thé tich 3 lit va 8 lit nhim dénh gia kha
ning on dinh cua hé thong & tat ca cac vi tri bén trong long ngan chura dich nu6i ciy. Dong thoi kiém tra
kha ning pha tron dung dich ctia hé théng suc khi & cac mue thé tich thap va cao.

2.3.2.  Thi nghiém van hanh danh gia kha nang on dinh ciia hé thong khi nuéi cdy lién tuc

- Sau khi tiét tring hé théng bang dén UV trong 30 phut, sir dung giong vi khuan Bacillus cho vao
hé thdng cung 5 lit moi truong cao thit peptone da tiét trung. Cai dat nhiét do 30°C, pH 7. Sau mbi 5 gio,
mé van xa thu nhan 1 lit san phdm sau nudi cdy va dong thoi mé van nap dé bo sung vao 1 lit méi trudng
m6i. Tién hanh 4 1an. Panh gia hiéu qua thong qua mat d¢ vi khuan thu nhan duoc trong san pham.

3 KET QUA
31 Két qua thiét ké hé thong bioreactor

Theo cac tinh toan trén phian mém thiét ké, dé dat duoc thé tich mong mudn tir 2 dén 10 lit va ty 1¢
chiéu cao trén dudng kinh cua thung 1én men hop ly, hé thong bioreactor lya chon thong sb chidu dai
530cm, chiéu rong 280cm, chiéu cao 700cm bao gém 2 ngin ndi lién véi nhau. Ngan 1 1a tu dién, noi luu
thong khi dé tan nhiét vao xung quanh thanh cta ngin 2. Phia trén 1a hé thong diéu khién c6 man hinh thé
hién ngay gio, nhiét o, pH, cong tdc dén UV, van diéu chinh luu luong khi. BO phan gia nhiét dugc dat
bén dudi cung quat 1am mat Ngin 2 13 noi chtra dich nuéi cdy, c6 6ng din khi, van xa bén dudi; van bd
sung dinh dudng bén hong (hinh 2).
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Hinh 2. Bdn vé hé théng bioreactor

Déi tuong sir dung chinh ctia hé théng bioreactor 14 cac ching vi khuan hiéu khi. Dé dam bao quéa
trinh nudi céy thu nhan dugc dung chung vi khuén muc tiéu, hé théng dén UV duoc bd tri & nép day cua
ngin 2, cong tic & bo dicu khién ciia ngan 1.

Lua chon phuong phép gia nhiét qua thanh dé giam thiéu sy anh huong dén té bao, nén b phan gia
nhiét dugc dit bén dudi ngin 1, cing v6i hé théng quat 1am mat, luu thong khong khi dé tan nhiét vao
ngin 2. Cam bién nhiét PT100 (dong san pham TF101U2) st dung trong hé thdng 1a mot dau do chuyén
doi nhiét do tai khu vuc do dugc thanh tin hidu dién & dau ra. Dau do nhiét do c6 dién trd lam bang bach
kim (platinum) c6 d6 chinh xac cao, chiu duoc ap luc, chdng rung, thich hop sir dung trong cac dung dich
16ng c6 khudy tron. Bao boc bén ngoai 1a vo thép khong ri V4A cung 16p bao vé IP66. Ddi voi pH, hé
thdng dung dau do ctia hiang Atlas Scientific bién d6 do 0-14 dit dudi day ciia ngin 2. Pau do dugc boc
mdt 16p mang mong bang thiy tinh cho phép ghi nhan sy khac biét nong d ion H' bén trong va ngoai
mang. Tir sy khac biét d6, ddu do xac dinh gia tri pH twong quan (Hinh 3).

Pl 00-Tempersture-Sensors Type TELO1L2 Atlias Scientific pH Kt 0-14 pH

Hinh 3. Cam bién nhiét dg va dau do pH sir dung trong hé théng
V6i thé tich nho nén hé thong khong sir dung canh khudy ma tan dung qué trinh suc khi dé tao dong
pha tron dung dich véi té bao nudi cdy. Ong suc khi dugc dit dudi ddy ngan 2 co van diéu chinh tc do
suc khi. Ngoai ra, con ¢6 van nap dé bd sung nguyén liéu, dung dich dinh dudng tir phia hong va van xa
dé lay bdt san pham sau nuéi cy dugc dit phia dudi ngan 2. Ca hai van nay thong truc tlep vao dung dich
nudi cay bén trong ngin 2, phuc vu cho qua trinh nudi cay theo mé ma khong can mo nip ngan (Hinh 4).
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Hinh 4. F¢ thang bioreactor thidt k& wrén viit Lidu inox 304

Pé ting thém hiéu qua va thudn tién trong qua trinh st dung, phan mém Bioreactor HC-06 ding diéu
khién hé théng thong qua két ndi bluetooth véi dién thoai thong minh. Phan mém c6 cai dat ché do tu
dong (AUTO) cho hé thong hoidc ché do diéu khién bang tay (MANUAL). Ché d6 tw dong cho phép cai
dat nhiét do va thoi gian. Ché do didu khién bang tay cho phép cai dat va diéu chinh thém chirc ning suc
khi, quat va dén UV (Hinh 5).
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Hinh 5. Man hinh vng dung Bioreactor HC-06
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Cac budc van hanh nhu sau:
Budc 1: Bat dén UV trong 30 phut dé khir tring hé thong
Budc 2: Cho mbi truong dinh dudng va gidng vi sinh vat

Bude 3: Bat Bluetooth trén dién thoai = Chon thiét bi két

?;E Bég: 18:39:6 nbi “choose a devide” > chon CONNECT (HC-06)

Temp_set: @°C Buéc 4: Chon ché d6 AUTO hoic MANUAL
FH- 3l 123

Budc 5: Cai nhiét d) mudn nudi cay — set temperature

Budc 6: Cai thoi gian nudi cdy — Alam Time (phiit)

Budc 7: Chay mo hinh — RUN

Hinh 6. Man hinh trén b diéu khién hé thong khi dwoc cai ddt
Uu diém ciia phan mém Bioreactor HC-06 la dé dang cai dat trén tat ca dién thoai thong minh
android, thao tac dé sit dung. Tuy nhién nhugc di€m la chi c6 thé két noi voi hé thong bioreactor thong
qua Bluetooth. Piéu nay lam gidi han vé khoang cach kiém soat cho ngudi dung.

3.2 Két qua danh gia van hanh hé thong

3.2.1. Két qud thi nghiém van hanh danh gia kha nang én dinh nhiét do, pH va thoi gian nudi cdy theo mé

M01 te bao vi sinh vat c6 mot khoang nhiét d6 va pH t6i thich cho su phat trién, vi vy, day 1a hai
thong sb can on dinh chinh xac trong sudt thoi gian nudi cay [7] D6i v6i nudi cdy vi khuan, thong thuong
nhiét do t6i wu tir 25 — 35°C. Mot sé nhom wa nhiét c6 thé can ¢ nhiét do cao hon tir 50 — 80°C [5]. Hé
thdng duoc thiét ké theo phuong phap gia nhiét qua thanh nén thoi gian dé nhiét do phan tan déu cho toan
bd dung dich trong méi truong twong d6i cham. Tuy nhién, diéu nay lam giam sy tac dong dot ngdt cua
nhiét 6 dén té bao va gitp cho su phén tac nhiét trong dung dich déu dan 6n dinh hon [6].

Trong qua trinh nudi ciy, gia tri pH duoc theo ddi lién tuc dé giit modi trudng trong pham vi t6i wu
cho vi sinh vét phat trién. Thong thudng, pH t6i wu cho cac vi khuan hiéu khi 1a 6-7, tuy nhién, gi4 tri pH
thudng giam trong qua trinh vi sinh vét phat trién. Khi d6, dung dich NaOH duoc sir dung dé can bang lai
pH duoc thiét 1ap ban dau [7].

O thi nghiém 1, sinh khdi thu nhan dwoc ¢ nhiét d6 30°C 13 cao nhét, trung binh 1a 3,11x10° té
bao/ml & thé tich nudi cdy 3 lit va 3,45x10® t& bao/ml ¢ thé tich nudi cdy 8 lit. O nhiét do 50°C, sinh khéi
giam dang ké, con 1,19 dén 1,22x10% té bao/ml & ca 2 muc thé tich. O thi nghiém 2, sinh khdi cao nhat
thu nhan dugc & pH 7 1a 8,43 va 8,47x10° t& bao/ml & muc thé tich twong tmg 3 lit va 8 lit. pH 5 ¢6 luong
sinh khoi thap nhat, dugi 1x10° t& bao/ml. O ca hai thi nghiém, cac két qua thu dugc khong co sy khac
biét dang ké ¢ hai murc thé tich 3 lit va 8 lit (Hinh 7). Tuy nhién, trong qua trinh van hanh, nhan thiy &
murc thé tich 3 lit, thoi gian gia nhiét cua h¢ théng dén nhiét do cai dat tur 10 dén 15 phat. O mirc thé tich 8
lit, thoi gian gia nhiét tir 30 dén 40 phut. Cac mau dich sau nudi cdy & nhiét 50°C va pH 5, khi quan sat
dudi kinh hién vi quang hoc c6 su xuét hién cia t& bao mang bao tir Bacillus. Nhiéu nghién ctru vé sinh
truong phat trién cua Bacillus déu cho thiy trong diéu kién nuéi cdy 1ong, vi khuan Bacillus ting trudng
t6i wu & nhiét d6 37°C, pH 7, tdc d6 phan chia tdi da ciia Bacillus sau 40-50 phut. O nhiét do cao, gia tri
pH bét 1o, hodc diéu kién dinh dudng thép, Bacillus c¢6 kha ning tao bao tir nén van ton tai trong dich
nudi cay nhung khong co su gia ting sinh khéi [1,4,15].
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Hinh 7. Két qua vin hanh danh gid kha ning 6n dinh nhiét dd (A) va pH (B) cia hé t'héuug bioreactor

O thi nghiém 3, két qua ¢ hinh 8 cho thay & ca hai mirc thé tich 3 lit va 8 lit, dd thi biéu dién ham
lugng sinh khéi Bacillus thu dwge déu di theo thir tu céac giai doan cia nuoi céy theo mé. Vi mat do
gidng ban dau 1a 1,05x10® t& bao/ml, sau 24 gid, mat do té bao dat 3,59 dén 4,04x10°® té bao/ml, sau d6
giam dan qua 48 gio, 72 gid va 96 gid. C6 thé xac dinh & thoi diém 24h cac té bao dang trong giai doan
logarit c¢6 toc do phan chia nhanh nhét.

Kt uismuh s Bacilns s 96k i <y Trong thoi gian 96 gior dwoc cai dt &

£ 5 nhiét do 30°C, pH 7, bd gia nhiét hoat
= : dong kha on dinh, bién d¢ dao dong trong
B ity KDOANE 1°C. Riéng gid trj pH co nhiéu
g 1 bién dong, thoi (jlem 24 gio, pH tang dén
2 0 e aage | 4sgv | 7260 | 96gic 74, Sau thf" dlremx48 g0, pH glam con
R S8 = PR Hoa 6,5. Di€u nay co thé do su thay doi vé cac
—_—l 105 204 21 1.08 057 san pham chuyén h(’)q ma té bao trao doi
vo1 moi truong nudi cay.
Hinh 8. Két qua viin hinh dénh gia kha ning én dinh 3.2.2 Két qud van hanh ddanh gia kha ning

b B g e thot pn é6n dinh ciia hé théng khi nuoi cd'y lién tuc

Dbi vai tat ca cac qua trinh 1én men, yéu céu quan trong nhat 1a phai dam bao sao cho mdi té bao
tham gia déu dwoc dat trong diéu kién ly hoa giéng nhau. Cac thong s6 nhiét do, pH, ham luong O,, CO,
hoa tan.. thucmg duogc kiém soat mot cach tryc tiép thong qua cdc sensor dat trong ndi lén men. Cac
thong s6 v& ham lwong enzyme, sinh khéi, protein ... dugc kiém soat giam tiép bang cach ldy miu va
dem phan tich [8,9,13].

Trong qué trinh nudi cdy lién tuc, t& bao
khong c6 pha suy vong ma duoc duy tri ¢ pha

B 30 can bing. D& qud trinh thu nhan san phim sinh
E o khoi khong lam thay doi dot ngdt trang thai
3 2 cua t€ bao can dam bao qua trinh nap méi
245 truong dinh dudng mdi vao va qua trinh rat
g dich san phidm ra phai tuong duong nhau vé
% os I I thé tich [11,14]. Trong thiét k& ctua hé théng
0 TR e bioreactor, van nap dat & bén hong, phia trén
Sgt  Ag W0ER hgo 0N con van xa dat & bén dudi cia ngin 2. Qua

trinh bd sung dwoc tién hanh ngay sau quéa

Hinh 9. Sink khéi thu nhén dirge sau 4 lin bé sung trinh rat chiét. Trong qua trinh thyc hién, nhan
mdi tnromg dink dudmg théy ¢6 su dao dong vé nhiét do va pH khi bd
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sung mdi trudng dinh dudng méi. Nhiét do giam 2-5°Cva pH ting 0,3-0,5. Bang diéu khién hién thi gia
tri ¢6 sy thay d6i va phdn mém bioreactor HCO6 trén dién thoai ciing bao rung. Hé thong mat khoang 3-5
phiit cho viéc didu chinh nhiét 6 va pH quay lai gia tri cai dat ban dau. Két qua mat d¢ sinh khdi & 1an bd
sung dinh dudng thir 3 vao thoi diém 10 gio 1a cao nhét (3,21x10° t& bao/ml), thap nhét 1a vao thoi diém 0
gio (2,11x10° té bao/ml). Quan sat dudi kinh hién vi, cac san pham thu nhan duoc sau cac thoi diém déu
khong c6 sy xuat hién bao tir vi khuan Bacillus. Diéu nay chimg t6 cac té bao dang & giai doan t6t nhat
cho qua trinh trao d6i chat [2,15].

4. KET LUAN

Nhiét d6 va pH 1a hai thong sé quan trong truéc nhét dé kiém soat qua trinh nudi cdy té bao vi sinh
vat. Trong giéi han nhiét do tur 30-50°C, gidi han pH tir 5 dén 8, hé théng bioreactor cho th?iy kha ning
duy tri 6n dinh cac thong sb cai dat trong sudt 96 gio nudi cdy. Véi dbi tugng thir nghiém 1a Bacillus, dai
dién cho nhom céc vi khudn hiéu khi sir dung trong xir Iy nuéc thai, qua trinh nuéi ciy lién tuc hodc theo
mé trong hé thong déu cho két qua tét, sinh khdi thu dugc luén & muirc 10° t& bao/ml. Toc d6 gia nhiét va
diéu chinh pH dao dong tir 15 dén 40 phut tiry vao thé tich dung dich nudi ciy, nhung kha ning tu 6n dinh
vé thong sb cai dit chi khoang 3 dén 5 phat. Mic khéc, viée sir dung phuong phép gia nhiét qua thanh cho
thdy hiéu qua tdt trong viéc giam céc té bao chét do tiép xtic gan vai vi tri gia nhiét. Bén canh man hinh
hién thi cac thong $0, phén mém Bioreactor HC06 dé dang cai dat va st dung trén dién thoai ciing hd trg
cho qua trinh van hanh kiém soat hé théng duoc tot hon.

Véi cac thiét ké don gian budc du, hé théng bioreactor cho thdy tiém ning sir dung trén dbi twong
vi khuan hiéu khi v6i thé tich phii hgp cho cac nghién ciru g dung quy mé pilot tai Vién Khoa hoc cong
nghé va Quan 1y méi trudng, Pai hoc Cong nghiép TpHCM. Ngoai nhiét d6 va pH, hé thng co thé cai
tién b sung dau do xé4c dinh thong sb cac khi hoa tan hodc kiém soat luu lugng khi nap vao mdt cach
chinh xac hon, gitp cho qua trinh nudi cay dat hi¢u suit cao hon nira.
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