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ABSTRACT

This study is aimed to optimize some significant factors affecting the bio-
synthesis ability of lipase from Aspergillus niger by response surface
methodology. The activity of lipase was then assessed its potential to
remove lipid in synthetic dairy wastewater with enzyme concentration
0.1-0.5%, w/v, temperature 30=50°C, and fat concentration 200+3.400
mg/L. Biogas volume, COD, color were determined to evaluate the
treatment potential. Results showed that lipase activity was 1.11 Ul/mL
with optimum conditions: moisture content of 59.42%, culture time of 92.34
hours, ratio of groundnut oil cake and bagasse of 7.13/2.87 (w/w). The
enzyme was applied in dairy wastewater treatment. At the condition:
enzyme concentrate of 0.2%, temperature of 40°C, and lipid concentration
of 1000 mg/L, the performance of the anaerobic treatment was significantly
improved, whereas the generated biogas volume is 1,668.78 cm’, COD and
color removal efficiency are 90.9% and 93.4%, respectively. Lipid removal
efficiency was over 99% in both wastewater samples after 5 days.

TOM TAT

Nghién ciru t6i wu bang phuong phdap bé mat dap ung (RSM) dé tim su
twong tac dong thoi ciia dg dam, thoi glan va ti 1é co chat Ién qud trinh tong
hop lipase tir Aspergillus niger, danh gia kha nang thiy phan cua lipase &
buedre tién xie Iy lipid trong nudc thai gom: nong do enzyme 0,1+0,5% (w/v),

nhiét do 30+50°C va nong do chdt béo 200+3.400 mg/L. Theo doi cac chi
6 khi biogas, nhu cau oxy héa hoc, do mau. Két qua, hoat tinh lipase dat
1,11 Ul/mL véi cdc diéu kién t6i wu do am 59,42%, thoi gian 92,34 gio, ti
1é banh dau va bd mia la 7,13/2,87 (w/w). Enzyme tién xit Iy lipid véi cdc
diéu kién nong do enzyme 0,2%, nhiét @ 40°C va nong dé chdt béo la 1.000
mg/L. Nuée thai dwoc tién xir Iy givip tang hiéu qud dang ké ¢ bude xir Iy
ky khi so véi nuée thai tho: khi biogas thu dwoc 1.668,78 cm?’ so véi 991,06
em®, hiéu qud loai bé COD la 90,9% so véi 56,9%, dé mau la 93,4% so véi
50,2%, loai bo lipid dat trén 99% o cd hai logi nuéc thai sau 5 ngay.

Trich dan: Pao Thi My Linh, Nguyén Thi Quynh Mai, Tran Thi My Thao, Ly Thi Diém Trang, Lé Thi My
Trinh va V& Thi Thiy Van, 2019. T01 uu qua trinh nudi cay ndm méc Aspergillus niger thu nhan
enzyme lipase va img dung trong tién xir Iy nudc thai sita tong hop. Tap chi Khoa hoc Truong Dai
hoc Can Tho. 55(Sé chuyén dé&: Cong nghé Sinh hoc)(1): 277-285.
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1 GIOI THIEU

Lipase (ester triacylglycerol hydrolase, EC
3.1.1.3) 1a mét enzyme quan trong trong viéc thiy
phan chit béo, giai phong céc acid béo ty do va
glycerol. Lipase c6 & hau hét moi co thé song, té bao
va ¢6 vai trd quan trong trong qua trinh trao d6i cht,
hép thu va chuyén hoa lipid (Vakhlu, 2006). Nghién
ctru lipase tir vi sinh vat da ting l1én do tiém ning
thuong mai 16n, nhu cau cta lipase trong thi trudng
cong nghiép enzyme toan cau da ting lén dang ké.
Trong twong lai, loai enzyme nay sé& dat dugc tim
quan trong tuong duong voi protease, loai enzyme
hién chiém dén 25-40% doanh s6 ban enzyme cong
nghiép (Hasan ez al., 2010). Lipase dugc tmg dung
nhiéu trong nganh c6ng nghiép thuc pham, tong hop
cac polymer sinh hoc nh¢ xtc tac cua lipase dugc
ung dung lam mang bao ky nudc. Trong nganh cong
nghiép chét tay rira, lipase gitp loai bo cac vét dau
md trén vai, ting kha nang tay rira ctia bot giat, ngoai
ra lipase con dugc tng dung trong hoéa hoc, y hoc.
Do véy, nhu cau vé enzyme lipase 14 rat 1on, song
céc ché pham lipase dang sir dung phan 16n 1a nhap
khau. Mit khac, qua trinh sinh tong hop enzyme
lipase chiu anh hudng cua nhiéu yéu t6 nhu 6 am,
thoi gian nudi cdy, co cht cam tmg. Viéc nghién
ctru vé kha ning sinh tong hop, thu nhén lipase co
hoat tinh cao 6n dinh tr vi sinh vat 12 can thiét c6
thé san xuét lipase noi dia voi gia thanh ré.

Trong thuc té, dd co6 nghién ctru tim ra cac
phuong phap xir Iy nudc thai 6 nhiém chét béo cao
nhu phuong phép hoa 1y sir dung mudi va cac hé
thong tach dau va nude. Tuy nhién, chi phi cao, hi¢u
qua cuia viéc loai b6 COD (Chemical oxygen
demand) hoa tan va chat béo phan huy sinh hoc thap.
Hon nita, chit béo c6 thé dong lai & nhiét d thap
hon, gdy ra tic nghén va tao mui kho chiu
(Cammarota et al., 2001). V6i phuong phap xu ly
sinh hoc hiéu khi, chét thai c6 nong d6 chét béo cao
s& dan dén su hinh thanh cac mang xung quanh cac
hat bun sinh hoc, can tré viéc truyén oxy va co cht
tdi cac vi sinh vat trong bun hoat tinh, kéo theo d6
1a su gia ting cac ndm soi, 1am cdu triic bong bun
long 1éo, két qua 1a bun kho lang lam giam hiéu qua
xu 1y (Alberton et al., 2010). Xtr 1y ky khi duoc danh
gi4 c6 nhidu vu diém trong xir Iy nudc thai do giam
tac dong dén moi truong va giam lugng bun tao ra
trong qua trinh xt ly, tuy nhién véi nude thai co
chira lugng chit béo cao thi xur Iy ky khi gip phai
mdt s6 van dé nhu bun kho lang, hinh thanh 16p m&
& bé mat ctia bé phan tng, khong phan giai hét chat
béo, lam e ché hoat dong x1r 1y cua vi sinh vat ky
khi, thoi gian xtr 1y 1au. Dé khic phuc nhuoc diém
nay, viéc ing dung enzyme lipase gan day da dugc
nghién clru vi enzyme than thi¢n va dap ung nhiing
quy dinh nghiém ngit vé méi trudng (Mendes et al.,
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2006). Trude khi xur 1y sinh hoc ky khi, st dung
enzyme lipase s& lam bién d6i mot phan chét 'beo,
lam giam cac phan g sinh hoc va giam cac van dé
& cac giai doan xu ly nudc thai tiép theo
(Cammarota et al., 2001).

Nghién ctru nham tdi wu diéu kién nuéi cdy dé
thu nhan ché phim lipase tir viéc tin dung ngudn
phu phdm banh dau va ba mia lam co chat. Cac diéu
kién tién xir 1y dugc khao sat dé ting hidu suat cua
qué trinh xtr Iy nudc thai tong hop tir sita giau chat
béo.

2 PHUONG PHAP NGHIEN CUU
2.1 Nguyén li¢u

Aspergillus niger dugc phan lap tir miu dua
mdc, dugc dinh danh bang phuong phép giai trinh
tu gen 28s & phong thi nghiém Cong ty Nam Khoa
Thanh phé H6 Chi Minh.

Che pham lipase 0 Ung dung trong tién xir Iy nudc
thai tong hop giau chit béo thu dugc tir moi truong
bén ran nudi cay Aspergillus niger dugc t6i wru cac
yéu t6 anh huéng téi qué trinh sinh téng hop lipase.
Tién hanh trich ly lipase bang dung méi NaCl (1%)
+ Triton X-100 (0,5%), ly tam 5500 vong/pht trong
15 phat, c6 dac enzyme béng phuong phap tiép
tuyen voi kich thude cot loc 3 kDa, say phun voi
nong d6 maltodextrin 18%, nhiét d say déau vao 1a
150°C.

Nudc thai tong hop duoc dung tién xir 1y boi
enzyme lipase 1a hdn hop cac loai sita tuoi cia
Vinamilk. Trong 100 mL hdn hop sita ¢6 3,5 g cht
béo (két qua phan tich tai Quatest 3). Pha loang hén
hop sita v6i nude cat hai 1an theo cac ty 1¢: (1:174,5)
(1:34), (1:18,5), (1:12,5), (1:9,3) dé dat v6i ham
luong chét béo twong ung: 200, 1000, 1800, 2600,
3400 mg/L (Adulkar & Rathod, 2014).

Bun hoat tinh dwoc cung cap tir Khoa Moi
truong va Tai nguyén, Trudng Dai hoc Bach Khoa
Thanh pho HO Chi Minh dam bao nong d¢ vi sinh
vat (g/L) trong bun khéng nho hon 15,891 g/L.

2.2 Phwong phap bd tri

2.2.1 Téi wu moi treong nudi cay Aspergillus
niger sinh tong hop enzyme lipase

Qua trinh tdi wu hoa duoc thuc hién béng
phuong phap bé mat dap tmg (RSM) nham tim su
tuong tic dong thoi cua cac yéu té tac dong anh
hudng 18n qua trinh tong hop lipase cua Aspergillus
niger bang cach st dung quy hoach truc giao dbi
xtng cho 3 bién. Cac yéu t6 dugc lwa chon khao sat
anh huong kha nang sinh enzyme lipase va duoc
nghién ciru tai 3 muc (Bang 1) dua trén két qua
nghién ctru ciia Bao Thi My Linh va ctv. (2018). Ma
tran thyc nghiém dé tdi wu dugc thiét ké theo mod
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hinh Box-Behnken (N guyén Canh, 2016), v6i 15 thi
nghiém dugc thict ké theo Bang 2.

Tién hanh thyc nghiém, xay dung phuong trinh
quy hoach thyc nghiém. Ham déap Gng lua chon la
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hoat tinh enzyme lipase (Y, UI/mL) mo6 hinh hoa
dugc biéu dién bang phuong trinh bac 2: Y = by
+bix1 + baxa + baxs + biaxixa + bisxixs + basxoxs +
biix > baxa® + basxa®.

Bang 1: Gia tri mi héa va cac mirc ciia ma tran tdi uvu

Yéu t6 khao sat

Mirc 4nh hwéng

Tén yéu to Ky hiéu Don vi -1 0 +1
Do 4m X, % 50 60 70
Thoi gian X2 gio 72 96 120
Khdi lugng co chat X3 g 5 7,5 10

Phuong trinh 1& co s¢ dé xac dinh cac gia tri tdi
wu ciia cac yéu t6 anh huong néi trén. Trong do: xi,
X2, X3 1an luot 14 cac yéu to do am, thoi gian nudi
céy, ti 18 co chat; b1, by, bs 12 cac hé sb bac 1; b11,
b2z, b3z 1a cac hé so bac 2; b]z, bas, bis 1a cac hé so
twong tac clia timg cap yéu td; x1, X2, X3, X12, X2, X33,
X12, X13, X23 la cac bién doc 1ap.

Xt 1y két qua thyc nghiém biang phan mém
Modde 5 phan tich cac hé sb hoi quy, bé mat dap
mg va toi uu hoa thuat toan ham mong doi. Xac
dinh gia tri anh hudng cia timg yéu t téi hoat tinh
enzyme lipase dat gia tri cao nht.

2.2.2 Khdo sdt mét s6 yéu té anh hieong dén
kha néng thiyy phén chdt béo trong nide thai sita
ciia ché pham lipase

Nuéc thai sita duoc tién xir 1y bang ché pham
lipase v&i cac ndng do enzyme dugc khao sat lan
lugt 1a 0,1%; 0,2%; 0,3%; 0,4%; 0,5% (w/v) phan
ung thuy phan dugc thuc hién khao sat & cac nhiét
d6 30°C, 40°C, 50°C, pH 7, dat trong may lic on
nhiét & 120 rpm, trong 48 gio (Leal et al., 2006) voi
cac ndng do chat béo khao sat 1a 200, 1000, 1800,
2600, 3400 mg/L. Chi tiéu theo doi 1a lugng acid béo
tu do sinh ra va phan trim thuy phan lipid.

2.2.3 Xwly ky khi nucc thai

Mb hinh xtr 1y ky khi, 14y 200 mL nudc thai cho
vao chai thiy tinh, b6 sung ché pham lipase va thuc
hién qua trinh thay phan & cac diéu kién thich hop.
Bun hoat tinh dugc thém dat ti 1¢ COD trong nudc
thai ban dau va vi sinh vat trong bun 1a 1:1 (Valladio
et al., 2007), diéu chinh pH 6,8+7,2 bang NaHCO;
(Cammarota et al., 2001). Day nap cao su c6 khoan
16 dé lap 6ng thu khi sinh hoc. Dung 6ng nghiém
duong kinh 25 mm dé thu khi sinh hoc. Dat hé théng
& diéu kién nhiét d6 phong (tir 25+30°C), khudy tron
v6i toe d6 50 rppm bang may khudy tir, dam bao diéu
kién ky khi trong thoi gian thi nghiém. Mau ddi
chung dugc thuc hién tuong tu chi khac ¢ nudce thai
tong hop ban diu khong dwoc bd sung ché phim
lipase. Cac chi tiéu theo ddi 1a: thé tich khi sinh hoc,
pH, COD, d6 mau trong thoi gian 5 ngay, ham lugng
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chat béo (lipid) dugc xac dinh sau 14 ngay mau duoc
gui di phan tich tai Quatest3.
2.3 Phwong phap phan tich

Xdc dinh hoat tinh lipase bang phwong phdp
chudn d¢: dung 5 mL co chat gdm 1,25 mL dau olive
va 3,75 mL gum arabic 7% (v/v), 2 mL dém
phosphat 0,01 M pH 7 va 1 mL dich enzyme tho.
Hon hop dugc 0 37°C va lic véi toc do 130
vong/phut trong 30 phat. Ngig phan Ging enzyme
bang cach thém 15 mL hdn hop acetone va ethanol
(1:1, v/v). Chuin d6 biang NaOH 0,05 M dung
phenolphatalein nhu chét chi thi & pH 11 dé x4c dinh
lugng acid béo tu do. Péi ching tién hanh tuong tu,
enzyme cho vao sau khi dd cho hdn hop
acetone:ethanol. Mgt don vi hoat tinh lipase dugc
xac dinh 1a lugng enzyme tao ra 1 pmol acid béo
trong mdi phut & diéu kién pH 7 va 40°C (Fleuri et
al.,2014).

AVNagoH -CM NaoH.1000

Hoat tinh lipase (UI/mL) =

Venzyme - t

Trong d6: AVygop: hiéu thé tich NaOH miu va
dbi chung (mL), Cy yaon: néng d6 mol ciia NaOH,
Venzyme: luong enzyme tham gia phan tmg (mL), t:
thoi gian phan ung (phat), 1000: hé sb quy dbi don
vi

Xac dinh lvong acid béo ty do: hiat 2 mL nudc
thai duoc xtr Iy bang enzyme cho vao binh tam giac
250 mL va thém vao binh 10 mL hén hop axeton va
ethanol (1:1 v/v) dé bién tinh enzyme va ding phan
mg. Hon hop phan tmg duoc chuin do bang dung
dich NaOH 0,05 M dén pH 11, bang may do pH
(Mendes and Castro, 2005). Phan tram thuy phan
xac dinh tvong tu thay dung dich chuén d6 1a KOH
0,1 N. St dung phenolphthalein lam chi thi dé xac
dinh chi s6 acid (Adulkar and Rathod, 2014), phan
tram thay phan 1a ti 1& cia chi s6 acid va chi sé xa
phong hoéa nhan véi 100%.

Thé tich khi biogas do bang phuong phap di
chuyén muc nuéc (Mobarak-Qamsari et al., 2012).
Xac dinh COD dung phuong phap dun kin Xac dinh
d6 mau bang phwong phap hap thu quang phd
(Eaton et al, 1998). Phan tich VSS (volatile
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suspended solid) can hiru co dé xac dinh vi sinh vat
trong bun hoat tinh bang phwong phap can khdi
lwong sau khi loc, sdy 103°C, nung 550°C (Nguyén
Trung Viét va ctv., 2011).

Tét ca cac thi nghiém duoc lap lai 3 1an, sb liéu
thu nhan duoc tong hop bang phan mém Microsoft
Exel 2010. Panh gia sy khac biét cd y nghia giira
c4c mau thi nghiém dugc thuc hién bang phuong
phap thong ké Anova va kiém dinh LSD véi d6 tin
cdy 95% bang phan mém Statgraphics centurion
XV, v& d6 thi bang phan mém OriginPro 8.5.1. Str
dung phﬁn mém Modde 5 thuc hién bd tri ma tran
t6i wu va xur 1y két qua.

3 KET QUA VA THAO LUAN

3.1  Toi wu mdi trwong nudi cdy nAm méc
Aspergillus niger sinh tong hop enzyme lipase

Khao sét tic dong cuia timg yéu t6 anh hudng t6i
kha nang thu nhén enzyme lipase tir Aspergillus
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niger nhur d6 4m moi trudng 40+60%, thoi gian nudi
cy tir 24120 gio, ti 16 co chit giita banh dau dau
phong va ba mia la: 10:0; 7,5:2,5; 2,5:7,5; 0:10
(w/w). Két qua da thu duoc & do 4m 60%, thoi gian
72 gio, ti 1& co chat banh dau va ba mia 1a 7,5:2,5
(w/w), hoat tinh enzyme lipase cao nhat (Pao Thi
M§ Linh va ctv., 2018). Nghién ctru tiép theo duoc
thyc hién téi uu nham tim hiéu sy tac dong dong thoi
cua ca 3 yeu t6 v6i khoang khao sat dugc thu hep
nhu: d6 4m méi truong 50+ -60%, thoi gian nudi cdy
tir 72120 gio, ti 1é banh dau déu phong 5+10 g t6i
kha nang sinh truong va sinh tong hop cta enzyme
lipase tir Aspergillus niger. Két qua thuc nghiém
thu duoc va phan tich biang phan mém Modde 5 theo
quy hoach thuc nghiém bac 2 dé x4c dinh sy anh
hudng qua lai cua cac yéu td toi kha nang sinh tong
hop enzyme lipase 1a ham muc tiéu Y (Ul/mL) dugc
trinh bay trong Bang 2.

Bang 2: Thiét ké thue nghiém theo mé hinh Box-Behnken va két qua tdi uvu

Hoat tinh enzyme (UI/mL)

Y trung binh thwe nghiém Y suy ra tir moé hinh

STT X1 X2 X5 (X)) (X2 (X3)
1 -1 -1 0 50 72 7,5
2 1 -1 0 70 72 7,5
3 -1 1 0 50 120 7,5
4 1 1 0 70 120 7,5
5 -1 0 -1 50 96 5
6 1 0 -1 70 96 5
7 -1 0 1 50 96 10
8 1 0 1 70 96 10
9 0 -1 -1 60 72 5
10 0 1 -1 60 120 5
11 0 -1 1 60 72 10
12 0 1 1 60 120 10
13 0 0 0 60 96 7,5
14 0 0 0 60 96 7,5
15 0 0 0 60 96 7,5

0,889 0,883
0,861 0,867
0,834 0,828
0,778 0,784
0,508 0,520
0,445 0,445
0,084 0,084
0,111 0,099
0,556 0,550
0,556 0,550
0,222 0,228
0,084 0,090
1,084 1,093
1,111 1,093
1,084 1,093

Dua trén két qua xtr 1y s liéu, cac tham s6 khong
¢ y nghia (p > 0,05) duoc loai bo va phuong trinh
hoéi quy thye nghiém dat dugc nhu sau:

Y =1,093-0,015X;-0,035X,-0,196 X3+ 0,023
X1X3 - 0,035 X2X5 + 0,16X,:2 - 0,093X,2 - 0,646X52

_ Trong d6: Y la hoat tinh lipase (Ul/mL), X, d§
am (%), X thoi gian (gi0), Xsti 1€ co chat (g).

Phuong trinh hdi qui ¢6 sy twong thich véi thuc
nghiém va mo hinh thong ké nay c6 thé dugc sir
dung dé dy doan diéu kién tdi vu cua qua trinh 1én
men nam mdc Aspergillus niger. Dya trén cac hé sb
thu dugc tir phuong trinh hdi quy, pH (X3) 12 yéu tb

anh huong manh nhét v&i hé sé hdi quy -0,196 va
anh huong yéu nhét 12 d6 am (X1) véi hé s hoi quy
1a -0,015. Ngoai ra, sy twong tic giita cac yéu to
ciing anh huong dang ké dén ham muyc tiéu, dic biét
1a twong tc giita d6 Am — thoi gian voi hé s6 hdi quy
+0,16 va twong tac giira thoi gian — pH voi hé s6 hdi
quy +0,646.

Két qua xur 1y s liéu cho thdy cac yéu té thi
nghiém c6 anh huong dén hiéu qua thu nhén lipase
v6i do tin cdy cia mo hinh 12 0,999 cho théy mo hinh
6 d tin cay cao. Ngoai ra, tinh hoi quy clia mo hinh
rat t6t v6i p value 12 0,000 (< 0,05) va mo hinh hoan
toan phu hop véi diéu kién nghién ctru khi gia tri p
value (lack of fit) 1a 0,79 (> 0,05) (Bang 3).
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Bang 3: Két qua kiém tra tinh twong thich ciia phwong trinh hdi qui

Source Degree of freedom Sum of squares Mean squares F value P value
Residual 5 0,001062 0,0002124
Lack of fit 3 0,000576002 0,000192001 0,79013 0,601
Pure error 2 0,000485998 0,000242999
Corrected total 14 1,91574 0,136838

Investigation: toi uu (MLR)
40 Respanse Surface of Hoat finh enzyme

Thoi gian = 72 Thoi gian = 96

Thoi gisn = 120

Hinh 1: Do thi minh hoa sy phu thudc ciia ham muc tiéu Y vao cac yéu to

Hiéu qua thu nhan enzyme lipase c6 hoat tinh
cao nhat dugc xac dinh thong qua tdi uru bang phan
mém Modde 5.0. Két qua t6i wu cho thdy, hoat tinh
enzyme lipase thu dugc cao nhét 1a 1,11 UI/mL véi
cac didu kién 1én men do am 59,42%, thoi gian 1a
92,34 gio, banh daul1a7,13 g dugc tron vao 10 g hdn
hop co chét (banh diu va ba mia)

3.2 Anh huéng cua cac yéu to nhiét dj,
ndng d enzyme va nong dd co chit téi kha
ning thiay phan lipid ciia enzyme lipase

Theo ddi kha ning thuy phén chit béo cua
enzyme lipase trong 100 mL nudc thai co nong do
chat béo 1000 mg/L, thém 0,1 g ché pham enzyme,
khao sat & cac nhiét do khac nhau. Tir két qua Hinh
2, & nhiét do 40°C, lugng acid ty do dugc tao ra
nhiéu hon cac nhiét do con lai, do day la nhiét do
hoat dong t6i uu ciia enzyme nén lugng acid béo tao
thanh nhiéu hon. Nhiét d6 thap hon 30°C hodc cao
hon 50°C lugng acid béo sinh ra it hon. Két qua phu
hop véi nghién ciu cia Mobarak-Qamsari et al.
(2012) nhiét do t6i wu dé enzyme thuy phan la
30+45°C, cac khoang nhiét do cao déu lam giam
hoac nging hoat dong cua enzyme.

Luong acid tu do ting nhanh trong 24 gid dau,
sau d6 giam dan theo thoi gian. Ban dau luong co
chét co nhiéu trong méi truong, enzyme tiép xic
nhiéu véi co cht, phan tng dién ra nhanh, manh.
Sau 24 gio, lugng co chit vi vy céc acid béo tao ra
giam. Ngoai ra, trong nudc thai ban dau 6 hé vi sinh
vét ¢o thé sir dung acid béo lam co chat day c6 thé

la nguyén nhan lugng acid béo tu do trong moi
truong bat dau giam sau 24 gio. Két qua nghién ciru
ctia Cammarota et al. (2001) ndong d6 acid giam sau
24h khi bd sung lipase trong nuéc thai. O nghiém
thirc dbi chimng khong bd sung lipase thay vao do
cho natri azua (mét chét diét khuan) luong acid béo
tao ra thap hon do hoat dong cua hé vi sinh ¢6 san
trong nudc thai da bi bat hoat. Trong nghién ctru
nhiét d¢ 40°C dugc st dung cho cac khao sat tiép
theo.

25 |

A 30°C —=—40°C e 50°C |

FA (micromol/mL)

24 36 48
Thdi gian (gig)
Hinh 2: Sy thay ddi ham lwong acid béo theo
thoi gian ¢ cac nhiét d¢ khac nhau

Lugng enzyme can thiét dé thyc hién phan ung l1a
mdt yéu tb kinh t& quyét dinh ddi vai cac ing dung
cta nd. Theo doi kha nang thily phan cua enzyme
lipase d6i voi nudc thai sita c6 nong do chat béo
1.000 mg/L. Thém bot ché phim enzyme vdi cac
ndng d6 khao sat trong 100 mL nudc thai, chinh pH
7,0 & nhiét d6 40°C, lic 120 vong/phiit trong 24 gid.
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Két qua Hinh 3a cho thay vdi ndng d6 enzyme khac
nhau ham lugng acid béo tao ra cling khac nhau. Khi
nuéce thai khong dugc bd sung enzyme, lwong acid
béo tao thanh rat thip 1a 8 pmol/L. B6 sung v6i ndng
d6 enzyme tang tir 0,1+0,4% cho thy su gia ting
luong acid béo, do enzyme tiép xtc voi co chat
nhiéu hon, cac phan tng dién ra nhanh hon, tao acid
béo 16n hon (Hinh 3a). Tuy nhién su gia ting nay
khong ti 18 voi ting nong d¢ enzyme. Khi ndng do
enzyme tang tur 0,1% dén 0,2% luong acid béo co sy
khéc biét 16n taing mét luwong 20,67 pmol/L, & cac
ndng d6 enzyme 0,2%, 0,3%, 0,4% su khac biét ctia
lwong acid béo 1a rat it chi ting chi tir 3+6 pmol/L.
Mit khac khi ndng d6 enzyme ting dén 0,5% thi

50
o

‘m

0,0 0.2 03
Néng 46 enzyme (g/100mL)

FA (nmol/mL)
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luong acid tao ra giam, c6 thé do ham lugng enzyme
tang lam ting d6 nhot cia méi trudng, kha nang tiép
xuc voi co chit cua enzyme giam, toc do phan tmg
dién ra cham, luong acid tao ra it (Adulkar and
Rathod, 2014). Theo Adulkar and Rathod (2014),
hoat tinh enzyme st dung 1a 360.000 Ul/g xur ly
nudce thai sira c6 ndng do chat béo 1a 2.000 mg/L,
n6ng d6 enzyme 0,2% (w/v) dugc chon la ti wu.
Nghién ciru cia Mobarak-Qamsari ef al. (2012) cho
thdy enzyme lipase hoat tinh 0,3 UI/mL, thiy phan
nude thai sita c6 ndng do chat béo 1a 1.000 mg/L ¢
ndéng do 10% (v/v) la tot nhat. Vi vay nong do
enzyme 13 0,2% vira cho hi¢u qué thity phan ot vira
kha thi vé& mat kinh té.

100

80

% Thiy phan

-

1800 2600
Néng 46 chiit béo (mg/L)

100

Hinh 3: Khi ning thily phan cia lipase & cac ndng dd: enzyme (a) va chit béo (b)

Dé danh gia kha nang thiy phan ctia enzyme &
céc nong do chit béo khac nhau. Tién hanh khao sat
kha nang thiy phan cua 0,2 g enzyme lipase trong
100 mL nudc thai & cic ndng do chat béo khac nhau.
U ¢ 40°C, lac 120 rpm sau 24h. Dua vao két qua
Hinh 3b cho thiy phan trim thuy phan giam khi
ndng do chét béo ting. C6 thé giai thich 1a ndng do
enzyme sir dung & cac nghiém thtrc khong doi véi
0,2% (W/v), ) lugng céac acid béo dugc tao ra sé
gidng nhau d6i véi tat ca ndng do chat béo. S6 luong
acid béo duoc hinh thanh 1a nhu nhau va chi sb xa
phong 16n hon cho ndng d6 chat béo cao hon. Do d6
ti s giita chi s acid va chi sé xa phong héa hay
phan trim thay phan giam khi ndng d6 nong do chat
béo ban d4u duoc tang 1én. Két qua nay phu hop véi
cac nghién ctru cua Rosa et al. (2006), Leal et al.
(2006), Valladdo et al. (2007), lugng acid béo tang
khi ndng d6 chét béo ting. Vi ndng d6 chit béo 200
mg/L cic chat béo gan nhu dugc thiy phan hoan
toan véi 78,57%. Khi ndng do chat béo ting gip 5
1an 12 1.000 mg/L, thi phan trim thuy phéan chi giam
mot Iwgng nho va dat duge 55,26%. Vi vay chon
1.000 mg/L 14 ndng do thich hop dé danh gia kha
nang tién xir 1y bang enzyme trong hé thong ky khi.
Mobarak-Qamsari ef al. (2012) ciing sir dung nudc
thai c6 ham lugng chat béo 1a 1.000 mg/L dé xur ly
nudc thai trong hé thong xir 1y ky khi.
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3.3  Xir ly ky khi nwéc thai tong hop giau
chat béo

Nudc thai sau qua trinh xir 1y d4u ra can phai dat
chuan quy dinh theo QCVN 40:2011/BTNMT. Cac
thong s6 pH, d6 mau, nong do lipid, COD... c6 lién
quan tryc tiép dén lugng bun hoat tinh va van hanh
hé théng xir Iy nude thai, anh huéng quan trong
trong qua trinh xir 1y nude thai bang phuong phap
sinh hoc. Cac thong sb diu vao cia nudc thai co
ndng do chét béo 1a 1.000 mg/L dwoc xac dinh cho
qué trinh xir Iy thé hién trong Bang 4.

Bing 4: Cac thong so ciia nwée thai tong hop

Théng s6 Gi4 tri
pH 6,373 + 0,006
D6 mau (Pt — Co) 8794 + 48
Ty trong (g/cm?) 1,005 + 0,002
Acid béo tu do (umol/mL) 4,667 + 0,557
Lipid (mg/L) 1.000
COD (mg/L) , 6187 + 185
t()?:(;)so xa phong (mg KOH/g chat 1,777 4 0,162

3.3.1 Theo déi cdc thong sé cia nwde thdi
trong qud trinh xu ly nuoc thdi

Gia tri pH duoc kiém soét & cac giai doan khac
nhau cua qué trinh xtr ly nudc thai, két qua thu dugce
o Bang 5.
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Bang 5: Gia trj pH ciia cac giai doan xir ly nuwée
thai

pH cia cac giai doan xir ly

MAiu Nuéc thai Nude thai sau Ky khi sau
diu vao tién xir ly 5 ngay

NuGe 4 +0,006° 54+0,114° 7,3:+0,017¢

thai tho

Nudc

thai tién 6,4+0,006° 4,1+0,208* 7,1 +0,0534

xu ly

Cdc ky tir (") khdc nhau biéu dién mitc dg sai biét 6 y
nghia ¢ do tin cdy 95%

Sau khi nudc thai duoc tién xir 1y bang enzyme
lipase, lugng chat béo c6 trong nudc thai bi enzyme
thiy phén thanh céc acid béo tu do lam giam pH cia
nudc thai tir 6,4 xudng con 4,1. Vi khudn ky khi rat
nhay cam véi pH ctia moi truong, khi thém bun hoat
tinh vao nudc thai dé thyc hién qua trinh xir 1y ky
khi can diéu chinh pH ctia nudc thai vé 6,8+7,2 bang
NaHCO; (Cammarota et al., 2001). Nhin chung,
nudc thai ché bién sita ban dau 1 trung tinh hoac hoi
kiém, nhung c¢6 khuynh huéng try nén acid nhanh
chong do su thiéu hut ciia oxy. Vi vy, trong hau hét
céc cong nghé sinh hoc xr Iy ngudn nude thai nay
déu phai diéu chinh pH. Diéu nay trd nén dic biét
quan trong khi st dung enzyme nhu 1a mét tac nhan
dé tién xtr 1y lipid trudce khi xtr 1y ky khi ¢ budc tiép
theo. Tuy nhién, dya trén qua trinh bién d6i pH cua
nudc thai ché bién sira, c6 thé dé nghi giam bot thoi
gian luu truedc qua trinh xir 1y enzyme va tang cuong
suc khi dé 6n dinh pH cta nuéc thai trong khoang
trung tinh.

Sau qua trinh ky khi pH cua ca hai loai nude thai
da tang lén 16n hon 7. Diéu nay chimg minh dwoc vi

sinh vat phat trién 6n dinh qua cac giai doan ky khi
1800

‘+NTtlenquy .- NTtho‘

1600

1400

1200

1000

Thé tich Kh tich Iy (cm?)

Thdai gian (ngay)

Hinh 4: Do thi biéu dién thé tich khi sinh hoc
theo thoi gian

Gia tri COD la mot trong nhiing chi ti€u dac
trung ding dé kiém tra 6 nhiém ctia ngudn nudc thai.
Gia tri COD cua nudc thai dugc theo ddi qua cac
giai doan trinh bay trong Hinh 5. Tir két qua Hinh 5,
gia tri COD dau vao 13 nhu nhau, nhung sau 24 h
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tr pha acid, cac hydrocacbon bi thuy phan thanh
acid hitu co phan tir lvong thip, dic trung cua pha
nay 1 tao thanh acid, pH giam thap c6 thé dudi 5.
Cudi pha acid hitu co va cac chat hoa tan c¢6 chira
nito tiép tuc bi phan huy tao thanh cac hop chét
amon, amin, mudi cta acid carbonic. Cling véi mot
luong nhé hon hop khi CO,, CH4, Na, Ha pH clia
mdi trudng ting 1én chuyén sang trung tinh hodc
kiém. Tiép tuc qua pha kiém Ia pha tao khi CHs, CO,
pH chuyén hoan toan sang kiém. Nhitng amin tac
dung v6i CO; tao thanh mudi cacbonat, tao cho méi
truong c6 tinh dém rét cao, gitp duy tri hoat dong
6n dinh cua vi sinh vat (Luong Ptrc Thdm, 2009),
gitp cho cac danh gia vé& COD, d6 mau va khi sinh
hoc cuia qua trinh ky khi c6 hiéu qua.

Thé tich khi sinh hoc 14 san pham cudi cing cua
qué trinh chuyén hoa céc chat hiru co trong nude thai
cua vi sinh vét bun hoat tinh, c¢6 khoang 70-80%
metan va 20+30% carbonic (Hoang Van Hug¢, 2010).
Tién hanh thu khi bang phuong phap di chuyén ciia
muc nudce. Do cac mire nude di chuyén co duoc két
qua thé tich khi biogas sinh ra trong qua trinh xtr Iy
ky khi ctia nuéc thai thd va nudc thai tién xir Iy trong
5 ngay (Hinh 4). Tur két qua cho thay, thé tich khi
sinh hoc thu dugc trong qua trinh xtr 1y ky khi cta
nudce thai tho it hon nude thai sita duogc tién xir 1y.
Thé tich khi thu dugc sau 5 ngay ddi voi nude thai
tho 12 991,063 cm?, nude thai tién xur 1y 14 1.668,78
cm?® cao gép 1,68 1an nudc thai tho. Theo nghién ciru
ctia Valladio er al., 2007 nudc thai tién xir 1y bang
lipase c6 lwgng khi biogas 1a 175 mL cao gip 4,7 lan
so voi nudc thai tho (37 mL) sau 4 ngay. Theo
Mendes et al., 2006 lugng khi sinh hoc sinh ra sau
24 gio ciia nude thai thd dat 209 mL thap hon so
nude thai duoc tién xir Iy bang enzyme 1a 437 mL.

7000

I NT The
ESNT TXL

6187

6187

\\
.
L
.
-
.
.
.

NT ga

6000 5440

5000

4000

3000

COD (mg/L)

2000

1000

NT sau TXL
Giai doan

Hinh 5: D6 thi biéu dién gia tri COD ¢ cac
giai doan xir ly

NT 5 ngay

nude thai duoc bd sung enzyme lipase co gia tri
COD 14 3307 mg/L, giam 46,6%, cao gap 3,9 lan so
v6i nudce thai thd COD chi giam 12%. Viée giam
lwong COD c6 thé do vi sinh vat ¢ sin trong nudc
thai ban dau, chung str dung cac chét hitu co, cac

283



Tap chi Khoa hoc Truong Pai hoc Can Tho

acid béo 1am co chat dé ting truong. O nudce thai cd
sir dung lipase da thuy phén cac chat béo thanh
nhitng phan tir don gian, gitp cho vi sinh vat dé dang
sir dung hon lam COD giam nhiéu. Két qua nay phu
hop véi nghién ctru cua Adulkar and Rathod. (2014)
sau khi nudc thai duogce tién xtr Iy bang lipase chi s6
COD di giam tir 42400 ppm xudng con 11250 ppm
v6i hiéu qua loai bo COD la 73,5%. Theo Kkét qua
nghién ciru cua Alberton ef al. (2010) nudce thai da
dugc khir tring khong bd sung enzyme thi gia tri
COD khéng giam trong qua trinh xtr 1y. O ba diéu
kién khac 1 nudc thai khir tring c¢6 bd sung enzyme,
nué6ce thai khong khir tring khong bd sung enzyme
va nudc thai khong khir tring c6 bd sung enzyme
déu cho thiy gia tri COD giam tir 1800 dén 2700
mg/L. biéu nay da chirng minh duoc hoat dong cua
vi sinh vat c6 san va hoat dong thiy phan cia
enzyme c6 anh hudng tich cuc dén giam COD trong
nudc thai.

Hiéu qua loai bé COD toan qua trinh sau khi qua
xtr ly ky khi cua hai loai nude thai c6 sy khac bi€t
dang ké. D6i v6i nude thai tho gia tri COD sau 5
ngay xu ly ky khi la 2346 mg/L, hi¢u qua dat 62,1%
so voi 560 mg/L, so vdi hi¢u qua 90,9% cua nudc

s *"% 4795 l@ :; El'h;()L
8000 § 7100
;? 6000 §
;:_ N \ 4379
.
- §
© NT dé NT sau TXL NT 5 nga

Giai doan
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thai tién xur 1y cao gép 1,45 lan. C6 su khac biét d6
la do su hoat dong cuia vi sinh vat trong bun hoat tinh
& nude thai tién xir Iy manh hon véi co chit don gian
va khong bi trc ché bai ham luong chit béo cao nhur
& nuée thai tho. Vi két qua cia Mendes et al.
(2006), Valladao et al. (2007) sau 12 va 92 gio xt
1y ky khi nuéc thai dwoc tién xtr Iy bang enzyme loai
bd duoc 80,9, 85% COD hiéu qua tang 40,0%, 53%
50 v&i nudce thai tho.

Gia tri 6 mau sau khi tién xtr Iy bang enzyme,
kha ning hap thu anh sang cta hop chat mau cé
trong dung dich gidm nén d6 mau cia nudc thai
giam. Két qua dwoc thé hién trong Hinh 6, 46 mau
ctia nudce thai tién xtr 1y dd giam tir 8795 xudng 1653
Pt-Co dat hi¢u qua xir 1y 81,2%, ddi v6i nude thai
tho chi dat 19,3%. Hi€u qua loai bé d6 mau toan qua
trinh sau khi qua xir 1y ky khi v6i nuéc thai tién xir
ly dat 93,4% khi d6 mau giam tir 8795 xubng 584
Pt-Co. Ddi voi nudc thai tho giam tir 8795 xudng
4379 Pt-Co, chi dat hiéu qua 50,2% thap hon 1,86
lan. Nghién ctru ciia Mendes er al. (2006), loai bo
80,3% gia tri d0 mau vdi nudce thai duge tién xur ly
bang enzyme, d6i v6i nudc thai tho chi dat 13,9%.

000 1000 1000 I NT the
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Hinh 6: D6 thi biéu dién d mau nuwéc thai qua cic Hinh 7: P thi biéu dién ham lwong lipid qua cac

giai doan xir ly

Ham luong lipid dugc xac dinh dé danh gia hiéu
loai b né trong qua trinh xi Iy. Dua vao két qua thu
dugc ¢ Hinh 7 cho thiy, cing lwong chit béo dau,
nhung sau 24 h nudc thai thé c6 ham lugng lipid 1a
881,5 mg/L, giam 11,85%; nudc thai co bd sung
enzyme lipase ham luong lipid 1a 543,8 mg/L, giam
45,62% va cao gap 3,85 1an so v6i nudc thai thé.
Vi nude thai duge tién xir 1y, enzyme lipase d thiy
phan cac chat béo thanh nhitng phan tir nho hon nhur
diglyceride monoglyceride, glycerol va cac acid béo
tu do nén lam giam dang ké lugng lipid so voi nude
thai ban ddu. V6i nude thai khong b sung enzyme,
van thiy ham lugng chét béo giam do vi sinh vét c¢6
san trong nudce thai ban dau, chiing sir dung cac chat
hitu co, cac chat béo lam co chit dé ting truong

giai doan xir ly
(Alberton et al., 2010). Khi nudc thai dugc dua vao
giai doan xtr ly ky khi, sau 14 ngay hiéu qua loai bo
lipid gan nhu hoan toan véi hon 99% & ca hai loai
nudc thai.
4 KET LUAN

Qua trinh nuoi cay nudi ciy Aspergillus niger da
t6i wu duoc cac yéu tb thoi gian, d6 4m va thanh
phan co chat anh hudng téi kha ning sinh lipase ¢6
hoat tinh cao. Ché pham enzyme lipase dugc tmg
dung c6 tac dong trong tién xur 1y ky khi lam giam
COD, giam d6 mau, thay d01 pH, thiy phan hoan
toan lipid trong nudc thai tdng hop tir sita & quy mod
thi nghiém.
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Do nghién ctru méi dimg ¢ giai doan dau, can c6
nhitng nghién ctru tiép theo vé cac thanh phan trong
nudc thai o thé anh hudng toi hoat dong ciia lipase
nhiam xéc dinh hiéu qué tiém ning tmg dung trong
xu ly moi trudong.
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