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Bude dau nghién cieu tao enzyme pectinase dang bt tir
Aspergillus niger va khao sat mét sé dic tinh ciaa ché pham
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Enzyme pectinase dang bot dé van chuyén va bao quan.
Vi vdy, nghién cuu da st dung enzyme pectinase hoat tinh
194UI/mL tir Aspergillus niger dé tao ché pham dang bot bang
phuong phép sdy phun (ndng do chit trg sdy maltodextrin 10%
(w/v), nhiét do séy 130°C, téc do nhap li¢u 288mL/h). Bén canh
d6, nghién ctru di x4c dinh duoc thong s6 dong hoc cta ché pham
enzyme Km la 28,4mg/mL, pH tbi uu 5,0, nhiét d t6i wu 40°C,
Cu?* 14 chat hoat héa va Ag* 1a chat kim ham hoat dong enzyme.

ABSTRACT

Powdered pectinase is easy to transport and store.
Therefore, the study used pectinase enzyme 194UIl/mL from
Aspergillus niger to produce powdered enzyme preparation by
spray drying (10% maltodextrin (w/v), drying temperature
130°C, input speed 288mL/h). In addition, the study determined
the Kkinetic parameters of the enzyme preparation at Km
28,4mg/mL with pH and temperature optimum of 5,0 and 40°C,
Cu?* was found to activate and Ag* was the inhibitor of enzyme
activity.

1. Pit van dé

Enzyme pectinase dugc thu nhan chii yéu nhd vi nam, trong d6 Aspergillus niger duoc
cho 14 c6 kha ning sinh nhiéu enzyme pectinase khi nudi ciy trong méi truong thich hop.
Pectinase tir Aspergillus niger 1a enzyme ngoai bao nén viéc thu nhan san pham khé thuan loi
va ché pham enzyme tir vi sinh vét nay duoc FDA cong nhan 13 an toan khi ing dung trong

cong nghé thue pham.

Str dung enzyme thu nhan tir Aspergillus spp. c6 kha ning cai thién hiéu suat thu hoi,
lam trong va lam giam d¢ nhdt cia dich du du (Nakkeeran, Umesh-Kumar, & Subramanian,
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2011). Bén canh d6, Kant, Vohra, va Gupta (2013) di st dung enzyme nay dé lam trong dich
ép 6i. Polygalactorunase thu nhan tir Aspergillus niger nudi cdy trén ngudn co chat vo chudi co
tac dung lam trong dich ép chudi (Barman, Sit, Badwaik, & Deka, 2015). St dung
Polygalactorunase tir Neosartorya fisheri lam trong dich ép tao va dau (Pan et al., 2015). Ngoai
ra pectinase dugc xem nhu 13 mot trong nhimg ché pham enzyme quan trong trong san xuét
ruou vang va nudc trai cdy 1én men c6 do con thap (P. N. M. Nguyen, Che, Ly, & Chau, 2011).
Trong san xuét ca phé va ca cao, ngudi ta dung ché phim pectinase dé hd tro qua trinh tach 16p
keo & trén bé mat cua hat (Tran, Duong, & Le, 2012). Trong nganh cong nghiép gidy pectinase
lam ting hiéu qua khtr lignin va 1am sang mau bot gidy (Ahlawat, Mandhan, Dhiman, Kumar,
& Sharma, 2008).

S4y phun 14 c6ng nghé tao san pham dang bot, thoi gian siy ngin, dé san xuit & quy mo
cong nghiép. Sdy phun 1a hinh thirc bao goi c6 sir dung chét trg say (Desai & Park, 2005). Chat
trg sdy 1a yéu to 1am giam anh huong ciia nhiét d6 ddi voi cac protein trong qua trinh sdy. Pong
thoi, chit tro sy bao vé enzyme tranh khoi tac dong ctia nhiét 4o, pH khi str dung trong cac
diéu kién khac nhau (Cabral, Said, & Oliveira, 2009). Maltodextrin 14 chit tro say dugc st dung
phd bién hién nay va khong lam anh huong dén tac nhan can sy, gia thanh re.

Nghién ctru mong mudn sir dung ché phadm enzyme pectinase tir Aspergillus niger duoc
nudi cdy trén méi truong c6 bd sung vé cam - ngudn nguyén liéu giau pectin, mot phy pham
thuong bi bo di hoac lam phan bon hitu co sau khi ép léy nude. Dé thun tién trong qua trinh
sir dung va bao quan, tién hanh tao ché phim enzyme pectinase dang bot bang phwong phap
sdy phun. Bén canh d6, dé c6 hudng str dung ché phdm enzyme dang bot, nhom nghién ciru da
tién hanh xac dinh mot sé yéu to: thong s6 dong hoc, nhiét do, pH, cac chat hoat hoa va trc ché
c¢6 anh huong dén hoat dong enzyme.

2. Poi twong, vat liéu va phwong phap nghién ciru

2.1. Péi twong va vit liéu nghién ciru

Ché pham enzyme pectinase thu nhan tir Aspergillus niger (Huynh & Do, 2018).

Maltodextrin DE 10 ciia Himedia (An D).

2.2. Phwong phap

2.2.1. Chuan bi ché pham enzyme (Huynh & Do, 2018)

Nudi cay Aspergillus niger trong mdi truong 1ong véi vo cam 80g/L (ham lugng pectin
0,72g/L) - str dung VO cam trang (phé phdm nha may san xuat nuoc ép cam), ty 1€ vo
cam: glucose 14 4:2, ngudn nitrogen thich hop 1a peptone 4% (W/iv), ty 1é gidng 2% (v/v) voi mat
do giong 107 bao ti/mL, pH 5,0 va thoi gian nudi cay 72 gid.

Dich nudi cdy duogc ly tim véi tbe d6 4500 vong/phit trong 15 phit, thu dich enzyme
va xac dinh hoat tinh theo Mohsen, Bazaraa, va Doukani (2009) la 194Ul/mL.
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2.2.2. Cac phwong phap phdan tich

- Xéc dinh d6 4m bang cin sdy Am Ohaus MB 45.
- Phuong phap xac dinh hoat tinh enzyme pectinase (Mohsen et al., 2009).

Cho enzyme tac dung véi co chat pectin, san phim tao thanh 1a acid galacturonic tao
mau vai thudc thir DNS (Dinitrosalicylic acid), do mat d§ quang & budc séng 575nm.

Hoat tinh enzyme pectinase do boi lwong duong khir duogc cit ra tir pectin bang phuong
phap Dinitrosalicylic acid. Mot don vi hoat tinh enzyme pectinase dugc do bdi 1 pmol
galacturonic acid giai phong trong 1 phut trén ImL. Sir dung dudng chuin D-galacturonic acid.

- Xac dinh ham luong protein bang phuong phap Bradford dwa trén phan tmg ctia thude
nhudém Coomassie Blue G250 véi protein (Walker, 1996).

2.2.3. Khdo sat anh huéng ciia nong do chat tro say

Chuan bi 50mL dich enzyme pectinase, bo sung maltodextrin voi nong d6 10, 15, 20,
25, 30% vao, khuéy tan hoan toan maltodextrin. Cac mau trén s& duoc séy phun ¢ 140°C, tdc
do nhap liéu 1a 252mL/h. Xac dinh do am (%), hoat tinh enzyme (Ul/g) va ham lugng protein
(mg/g).

2.2.4. Khao sat anh hwong ciia nhiét @6 sdy

Chuén bj 50mL dich enzyme pectinase, bd sung maltodextrin véi néng do thich hop thi
nghiém 2.3. Sdy phun enzyme & nhiét d¢ sdy tir 120°C dén 170°C (budc nhay 10°C), toc do
nhap liéu 1a 252mL/h. Xac dinh d6 am (%), hoat tinh enzyme (Ul/g) va ham luong protein
(mg/g).

2.2.5. Khao sat anh huong cua téc do bom nhap liéu

Chuén bj 50mL dich enzyme pectinase, bé sung maltodextrin v&i ndng do thich hop thi
nghiém 2.3, séy phun enzyme pectinase v&i nhiét do thich hop thi nghiém 2.4, tde do nhép liéu
tir 180-360mL/h (budc nhay 36mL/h). Xac dinh d6 am (%), hoat tinh enzyme (UI/g) va ham
lugng protein (mg/g).

2.2.6. Xdc dinh théng sé dong hoc ciia enzyme

Tién hanh theo Bang sau:

Bang 1
Xéc dinh théng sb dong hoc clia enzyme
o A . Céc 6ng nghiém
Hoa chat Don vi 0 1 5 3 4 5
Pectin 1% ml 0 1 2 3 4 5
bémpH=5 ml 5 4 3 2 1 0
Pectinase 2% ml 5]5|5]5]5]5
D¢ yén ¢ 37°C trong 30 phut
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A . Céc ong nghiém
Hoa chat Don vi 0 ‘ 1 ‘ 2 ‘ 3 4 ‘ 5

Dun cach thuy 3 phit, 1am ngudi, loc 1y dich bén duéi
Céac ong nghiém

Hoba chat Don vi ol 1T 121345
Dich loc ml 1 1 1 1 1 1
Thudc thir DNS ml 3 3 3 3 3 3

Bit 6ng nghiém bang gidy nhom, dun cach thuy 15 phit
Lam lanh dén nhiét do phong
Po OD tai A = 575nm
Chu y: Ong 0 14 6ng kiém chiing, cac 6ng khéc 1a dng nghiém

Ngudn: Két qua phan tich dit liéu caa nhém nghién ctu

Luong san phém tao thanh dugc x4c dinh dya vao duong chuan D galacturonic theo
phuong phap (Miller, 1959). Qua d6 xay dung d6 thi ciia phwong trinh Lineweaver - Burk, tir
d6 xac dinh dugc thong sé dong hoc Km va Vmax ctia enzyme pectinase.

2.2.7. Khao sat anh huwong cua pH

Str dung ImL pectin 1% va 0,5mL dung dich enzyme trong cac by dém khac nhau néng
d6 100mM ¢ khoang pH 1,0-10,0, 0 37°C trong 30 phut. Thém 3ml DNS, bit 6ng nghiém bang
gidy nhom, dun cach thuy 15 phut, dé ngudi ¢ nhiét d§ phong, do OD tai A = 575nm.

Cac loai dém: hydrochloric acid-potassium chloride (pH 1,0-2,0), citrate - phosphate
(pH 3,0 - 7,0), sodium phosphate (pH 8,0), glycine-sodium hydroxide (pH 9,0-10,0).

Xéc dinh hoat tinh enzyme (Ul/g).
2.2.8. Khao sat anh huong cua nhiét do

Str dung ImL pectin 1% va 0,5mL dung dich enzyme c6 pH thich hgp tir thi nghiém 2.7
¢ nhiét d6 25°C, 30°C, 37°C, 40°C, 45°C, 50°C, 55°C, u trong 30 phut, 60 phut, 90 phut. Thém
3ml DNS, bit 6ng nghiém bang gidy nhém, dun cach thuy 15 phit, dé ngudi ¢ nhiét ¢ phong,
do OD tai A =575nm.

Xéc dinh hoat tinh enzyme (Ul/g).
2.2.9. Xdc dinh anh huéng cia chat ke ché va chdt hoat héa

Str dung ImL pectin 1% va 0,5mL dung dich enzyme & pH thich hop tir thi nghiém 2.7,
nhiét do va thoi gian thich hop tir thi nghiém 2.8. B6 sung 0,1mL cac ion kim loai ImM: Ca?®",
Mn?*, Co?*, Cu?*, Zn?*, K?*, Na®*, Ag®* va cac chat trc ché protein nhu KMnO4, EDTA. Thém
3ml DNS, bit 6ng nghiém bang gidy nhom, dun cach thily 15 phut, dé ngudi ¢ nhiét d6 phong,
do OD tai A =575nm.

X&c dinh hoat tinh enzyme (UI/g), hoat tinh twong d6i (%).
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2.2.10. Xt Iy 56 liéu

Céc thi nghiém duoc 1ap lai 3 lén, Kkét qua dugc ghi nhan va xu ly théng ké béng phén
mém Statgraphic Centurion X V.1, Excell 2013 v&i muc do tin cdy 95%.

3. Két qua va thao luin
3.1. Khdo sdt anh hwéng ciia néong dé chit tro sy

Néng do chat trg séy c6 anh huong dén hoat tinh, ham luong protein va do am cua ché
pham enzyme sau say phun (Bang 2).

Bang 2
Anh hudng cua néng do chét tro séy
Nong do Po am Hoat tinh Ham lwgng
(wWiv) (%) (Ul/g) protein (mg/g)
10 5,733+0,015¢ 2455,04+10,99¢ 17,93+0,50¢
15 5,230+0,265° 2343,49+10,99¢ 16,19+0,67¢
20 4,950+0,040° 2324,29+35,50¢ 13,87+0,43°
25 4,973+0,015° 1692,19+13,62° 12,71+0,67°
30 3,873+0,0212 1042,08+15,69? 10,97+1,092

(*P©91a c4c chit cai thé hién khac biét c6 y nghia théng ké & do tin cay 95%, cac nghiém thirc c6 phan hang giéng
nhau thi chua thé hién r6 sy khac biét vé y nghia thong ké)
Nguon: Két qua phén tich dix liéu caa nhom nghién ctu

Hoat tinh enzyme giam dan tir 2455,04 dén 1042,08U1/g khi ndng do maltodextrin ting
dan (10-30%). Nguyén nhan c6 thé do maltodextrin can tr¢ qué trinh phan gidi co chat ctua
enzyme. Bén canh d6, ham luong protein gidm dan khi nong d¢ maltodextrin tang dan, tir 17,93
con 10,97mg/g.

Theo nghién ctru caa Dao, Nguyen, Do, va Nguyen (2017) da khao sat nong do chat trg
sdy sita gay 10% (w/v) 1a thich hop nhat cho qua trinh siy phun bromelain. Nhu vy & nong do
chit trg sdy 10% thi hoat tinh enzyme cao nhat (2455,1Ul/g) va d6 am ciia ché pham 5,7% dap
g yéu cu bao quan enzyme.

3.2. Khdo sdt anh hwéng ciia nhigt dé sdy

Theo nghién ctru cua (Heller, Carpenter, & Randolph, 1999; Samborska, Witrowa-
Rajchert, & Gongalves, 2005) cho thiy hoat tinh enzyme phu thudc chii yéu vao nhiét d6 khong
khi dau vao va sy phan bd nhiét do trong thiét bi sy. Két qua nghién ctru cho thay hoat tinh
enzyme giam dan khi ting nhiét do sdy tir 130-170°C (Bang 3).

Bang 3
Anh huéng cta nhiét d6 sdy
Nhiét do Po am Hoat tinh Ham lwong
(°C) (%) (Ul/g) protein (mg/qg)

130 6,217+0,025° 2489,82452,43° 19,09+0,44¢
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Nhiét do Po am Hoat tinh Ham lwong
(°0) (%0) (Ul/g) protein (mg/g)
140 5,723+0,021¢ 2391,46+10,80¢ 18,07+0,25¢
150 5,593+0,015° 2243,9343,60° 15,03+0,67¢
160 4,953+0,021° 1698,18+67,74° 11,99+0,67°
170 3,757+0,0212 1303,56+14,98? 9,81+0,90?

(> 91acac chit cai thé hién khac biét c6 y nghia théng ké & do tin cdy 95%, cac nghiém thirc ¢ phan hang giéng
nhau thi chua thé hién 16 su khac biét vé y nghia thong ké)
Nguon: Két qua phén tich dix liéu caa nhém nghién cuu

Khi tang nhiét do séy, enzyme tiép xtic v&i nhiét do cao sé bi bién tinh nén hoat tinh
enzyme giam dan (tir 2489,8 con 1303,6Ul/g). Két qua nay ciing twong dong voi nghién ctru
ctia Devakate , Patil, Waje, va Thorat (2009). B6 am ctia ché pham ciing giam (tir 6,2 con 3,8%)
khi ting nhiét do say tir 130-170°C. Theo nghién ctru ctia Samborska va cong sy (2005), nhiét
d6 khong khi say s& anh huong dén qua trinh bdc hoi nude ra khoi dung dich sy, khi téc do
nhap liéu khong thay ddi nhiét do sdy cang ting thi nudc bdc hoi khoi dung dich cang ting do
vy d6 am ché pham enzyme cang giam. Ngoai ra & nhiét 6 sdy 120°C ché pham enzyme thu
duoc ¢6 dd Am cao, ché phém tao ra dang bot udt dinh lai thanh bué)ng séy, kho thu hoi va bao
quan ché pham. Hoat tinh enzyme cao nhat nhiét d6 130°C 1a 2489,8UI/g. Vi vay, nhiét do sdy
130°C s& duoc chon dé thuc hién cac thi nghiém tiép theo.

3.3. Khdo sdt anh hwong ciia téc dp bom nhdp liéu
Bang 4

Anh hudng cua toc do bom nhap lidu

Téc d bom nhap liu P 4m Hoat tinh Ham lwgng protein
(mL/h) (%) (Ul/g) (mg/g)
180 4,913+0,0152 2223,54+23,962 10,25+0,50?
216 5,427+0,021° 2326,69+12,97° 12,71+0,66"
252 5,702+0,021° 2552,19+5,50° 17,6440,25°
288 6,067+0,083¢ 2655,34+12,644 18,94+0,25¢

(*°©91a cac chir cai thé hién khéc biét c6 ¥ nghia théng ké & do tin cdy 95%, cc nghiém thirc ¢6 phan hang giéng
nhau thi chua thé hién r6 sy khac biét vé y nghia thong ké)
Nguon: Két qua phén tich dix liéu caa nhdm nghién ctu

Hoat tinh enzyme ting dan (2223,5 dén 2655,3U1/g) va ham lugng protein ting dan
(10,3 dén 18,9g/mg) khi tang tdc d6 nhap licu tir 180-288mL/h. O tdc d6 bom nhap liéu thap,
kich thudc hat tao ra nho hon, bé mit tiép xtc cta hat v4i nhiét do ting, thoi gian tiép xuc dai
hon 1am enzyme d& bi bién tinh (Samborska et al., 2005). D6 am cta ché pham enzyme ciing
tang dan (4,9 dén 6,1%) khi ting téc d6 bom nhap liéu tir 180-288mL/h. O cac tdc do nhap licu
324 va 360mL/h, enzyme thu duoc c6 do 4m cao, bi dinh 1én thanh budng siy, ché pham enzyme
tao ra & dang bot u6t gay kho khan trong viée thu hoi, bao quan va str dung. Két qua nay ciing
tuong déng voi nghién ciu cia N. T. T. Nguyen va Nguyen (2011), Devakate va cong su
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(2009), Dao va cong su (2017), tbe d6 bom nhap liéu c6 anh hudng 16n dén luu luong dong
nhap li¢u, nang suét thiét bi va ca nhiét do khong khi dau ra. Téc d6 bom nhap liéu tang déng
nghia v6i thoi gian luu cua vat lidu sdy trong budng sy giam, lugng hoi nudc thoat ra it hon
lam d6 4m ting.

3.4. Xdc dinh théng sé dong hoc ciia enzyme
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Hinh 1. D6 thi Lineweaver-Burk

Hang s6 Michaelis Menten (Km) dac trung cho ai lyc enzyme va co chat. Khi Km cang
nho thi i lyc cia enzyme va co chat cang lon (van tdc phan tmg do enzyme xuc tac cang lon).
Duya vao mdi twong quan gitta van toc phan tng cua enzyme va ndng do co chat xdy dung
phuong trinh Lineweaver-Burk c¢6 dang y = 51,184x + 1,8034, tir d6 tinh dugc Km= 28,4
(mg/ml) va Vmax= 0,56 (mg/ml/phut). Enzyme pectinase da tinh sach tir A.niger c6 Km=
2,3mg/ml (Anand, Yadav, & Yadav, 2017), Km= 2,4mg/ml (Parenicova, Benen, Kester, &
Visser, 1998).

Ngoai ra mot s6 nghién ctru vé pectinase thu nhan tir cdc chung vi sinh vat khac nhau
thi gia tri Km trong khoang 0,1-0,5 (Chen et al., 2014; Martins, Leite, Silva, & Gomes, 2013).
Nhu vdy, c¢6 thé do ché pham enzyme tao ra chua dugc tinh sach nén hiang s6 Km cao hon
khoang 10 14n so v&i enzyme d tinh sach tir cac nghién ctru trén.

3.5. Khdo sat anh huwong cua pH

Hoat tinh enzyme ting dan khi pH ting tir 1 dén 5 dat gié tri 16n nhat & pH 5 (2650U1/g).
Sau d6 hoat tinh enzyme giam manh khi pH tang tir 6 dén 10, dic biét ¢ pH tir 8 dén 10 thi
enzyme gan nhu mat hoat tinh. Theo Anand va cong su (2017) di nghién ctru san xudt, tinh ché
va xac dinh dac tinh hoa sinh ctia mdt exo-polygalacturonase tir Aspergillus niger MTCC 478.
Nhom tac gia da khdo sat hoat tinh enzyme trong khoang pH tir 1,0-12,0 véi bude nhay 1 pH.
Két qua, hoat tinh & pH=4 13 cao nhat. Ddi vdi pectinase ¢6 ngudn gbc tir ndm mde pH 3,0-5,0
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1a pH hoat dong t6i thich (L. D. Nguyen, Cao, & Nguyen, 2004). Két qua nghién ctru trén ciing
trong dong véi Dogan va Tari (2008), Kant va cong su (2013).
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Hinh 2. Anh huong cua pH
3.6. Khdo sat anh hwong cua nhiét do

Hoat tinh enzyme tang nhe tir 10 dén 30°C, ting nhanh tir 30 dén 40°C, tir 40 + 50°C
hoat tinh enzyme giam nhe, tor 50+80°C, hoat tinh enzyme giam manh va tor 80-90°C thi
enzyme gan nhu mat hoat tinh. Vay hoat tinh enzyme t6i uvu & 40°C (2658,9U1/g).

Nhoém tac gia Anand va cong su (2017) da khao sat hoat tinh enzyme pectinase tir
Aspergillus niger trong khoang nhiét d6 tir 10-100°C. Két qua, hoat tinh enzyme & 50°C 14 cao
nhit. Theo Dogan va Tari (2008), Thakur, Pahwa, Singh, va Gupta (2010) thi nhiét d6 t6i uu
cho mot s6 ching nam sinh enzyme pectinase 1a 40+60°C. Da s6 enzyme bi mét hoat tinh &
nhiét do trén 70°C. Phan lén enzyme hoat dong manh nhéat ¢ nhiét d6 40-50°C. Enzyme
pectinesterase tir nAm mdc ¢ nhiét do tdi wu 12 30-45°C va bi vo hoat ¢ 55-62°C. (L. D. Nguyen
et al., 2004).
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Hinh 3. Anh huéng cua nhiét 6
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3.7. Xdc dinh anh hwéng ciia chit tec ché va chit hoat héa
Chét hoat hoa 1a chét 1am tang hoat tinh ctiia enzyme, nguoc lai chét (rc ché s& 1am giam
hoat tinh enzyme.
140 12829
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Chathoat hoa va chat e che
Hinh 4. Anh hudng cua chat hoat hoa va chét trc ché

Mirc d6 anh hudng cta cac ion kim loai va chit trc ché protein d6i v6i enzyme pectinase
1a khac nhau. Dbi véi cac ion Mn?*, Na*, KMnO4 gan nhu khong lam thay d6i hoat tinh enzyme.
EDTA lam giam gan 50% hoat tinh enzyme. Ca®*, Zn?* va K* lam hoat tinh enzyme giam
khoang 2/3 so véi d6i chimg. Ton Co?* 1am hoat tinh enzyme giam khoang 25%. Ion Ag® thi
gan nhu 1am mét hoat tinh enzyme, ion Cu?* thi 1am ting hoat tinh enzyme. Nhu vay ion Ag*
c6 thé coi 1a chét trc ché dbi voi enzyme pectinase, ion Cu®* thi dugc coi 1a chét hoat hoa. Két
qud nay ciing tuong ddng voi nghién ctru ciia Anand va cong su (2017). Ion Cu?* duoc coi la
chat hoat hoa ddi voi enzyme endo polygalacturonase tir nAm mdc Aspergillus fumigatus
(Anand, Yadav, & Yadav, 2016).

4. Két luan va kién nghi

4.1. Két lugn

Nghién ctru da x4c dinh duoc néng d6 chat trg siy 10% matodextrin, nhiét do sdy 130°C,
téc do nhap liéu 288mL/h dé tao ché pham enzyme pectinase dang bot bang phuong phap sy
phun. Ngoai ra, nghién ciru da xac dinh mot s6 dac tinh cua ché pham enzyme thu dugc: thong
s6 dong hoc Km 28,4mg/mL, nhiét d6 40°C, va pH 5,0 ti uu, chat hoat hoa Cu?*, chat trc ché
Ag* anh hudng dén hoat dong cia ché pham enzyme.

4.2. Kién nghj

Khao sat thém do bén nhiét va tinh 6n dinh cac pH khac nhau cua ché phdm enzyme dé
c6 hudng st dung phu hop. BPong thoi khao sat thém anh huong cua diéu kién bao quan dén
hoat tinh enzyme. Bén canh d6 ung dung thir nghiém pectinase dang bot vao vi¢c san xuat mut
qua.
LOI CAM ON

Trén trong cam on sinh vién Nguyén Hoang Minh Nhat, Trin Pong Anh, V5 Hiru
Thai An da hd trg trong qué trinh thye hién nghién ctru ny.
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