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ABSTRACT

A study was taken up to evaluate the role of some fermentation parameters
on pectin methylesterase (PME) production. The Response surface
methodology (RSM) based on four-variable central composite
design (CCD) was used for modelling the correlation of the PME
fermentation conditions such as inducer concentration-by mixture 1:1 of
Aspergillus niger which were isolated from the peels of Citrus sinensis L.
(So;) and Citrus maxima (R;), initial pH, incubation temperature and
moisture content of medium. In this experiment, the dried apple
pomace and fresh pomelo peels were used as substrate for PME
production in the ratio 1:1 combined with the addition of 0.1% urea
combined with 0.5% MgCl; and 0.15% CaCl, into fermentation media.
The result showed that, the highest PME activity (65.6 = 3.14 U/g)
obtained after 96 hours incubation at a temperature of 35.5°C, pH 4.0
(adjusted by citrate buffer), moisture content adjusted to 57.4% and
16.5% v/w of inducer concentration (10° cfu/mL). The research results
indicated that RSM could be applied to found the optimum conditions of
the process parameters in order to enhance the maximum pectin
methylesterase production.

TOM TAT

Nghién ciru dwgc thuc hién voi muc tiéu xdc dinh tac dong cua cac diéu
kién lén men bé mdt trén moi truong ran dén qud trinh _tong hop pectin
methylesterase. Phuong phdp bé mdt dap iing (RSM) gom 4 thira s6 voi
mo hinh phirc hop tai tam (CCD) dwoc sir dung dé toi uu hoa cdac diéu kign
lén men tong hop pectin methylesterase (PME), bao gom ty Ié bao tir nam
moc - véi sw két hop o ty 1é 1:1 ciia 2 dong Aspergillus niger dirgc phan
ldp tir vo cam soan (So) va vo buci Nam Roi (R;) st dung, pH ban dau,
nhiét do 1 va d¢ am moi truong lén men. Trong thi nghiém nay, méi
trieong lén men sir dung co chat chinh la ba tdo ta khé va vé budi Nam Roi
(ty lé 1 :1 ww) lam co chdt 1én men chinh, co bé sung 0,1% urea, 0,5%
MgCly va 0,15% CaCl. Két qua khao sét cho thay, hoat tinh PME dat cao
nhat (65,6+3,14 U/g) sau 96 gio i ¢ nhiét dp 35,5°C, pH ban dau la 4,0
(diéu chinh bang dém citrate), do am ban dau la 57,4% va ty 1é huyén phu
bao tir nam & mdt s6 10° cfu/mL sir dung la 16,5% v/w (mL/g). Két qud
nghién ciru da chirng to phuong phap bé mat dap vmg cé the mg dung dé
tim ra diéu kién toi wu ciia qud trinh lén men gitip cai thién toi da hiéu qud
tong hop pectin methylesterase.
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1 PAT VAN BE

Pectin methylesterase (PME, EC 3.1.1.11) —
mdt enzyme thugc nhoém pectinase da dugc quan
tam str dung va phat trién ¢ nhiéu qudc gia (Saurel
et al., 2003; Suutarinen va Autio, 2004) véi cac
muc dich han ché sy pha hity cau triic ciia té bao
thuc vat, tang hi¢u sudt ly trich nudc qua va thac
day nhanh qua trinh sdy rau qua (Van, 1979;
Sajjaanantakul va Pitifer, 1991). Bén canh PME tr
thuc vat, nguén giau PME va dugc st dung nhiéu
nhét trong cac ché phdm pectinase thuong mai la
cac PME tir vi sinh vat (Solis — Pereira et al.,1993).
Nim mdc, dic biét la Aspergillus niger dugc biét
dén nhu ngudn phd bién nhét cho san xuét enzyme
ndy (Taragano et al., 1997, trich dan boi Patil va
Dayanand, 2006). Nghién ctru tuyén chon dong
Aspergillus niger ban dia thich hgp cho qua trinh
tong hop va thu nhan PME tai chd di dugc tién
hanh truée d6 (Tran et al., 2009; Tran va Nguyen,
2010; Tran et al., 2010). Tuy nhién, dé co thé nhan
rong va ung dung vao thuce tién, viéc t&i wu hoa
dleu kién 1én men sinh téng hop enzyme dic thu 1a
van d& dugc rat nhidu cac nha khoa hoc quan tam.
Phuong phép thong thuong (thay d6i timg bién so
khao sat) theo truyen thong duge su dung cho t6i
uu hoa cac thiét ké da hé s6 thir nghiém gip han
ché do (i) tao ra sb lwong 16n cac dit liéu thuong rat
kho d@é giai thich; (ii) ton kém chi phi va thoi gian;
(iii) bo qua anh huong ciia twong tac giita cac yéu
t6. Dé khic phuc nhitng van dé nay, viéc sir dung
phuong phap bé mit ddp tng (RSM) v6i mo hinh
phtre hop tai tim (CCD) duoc ap dung da xac dinh
muc do t6i uu cua cac bién c6 anh huong dén qua
trinh sinh tong hop PME véi s thi nghiém vira
phai (Castilho ez al., 2000). Gén day, Suresh et al.
(2009) ctng da budc dau nghién ctru t6i wu hoa
qué trinh 1én men rin san xuit pectinase tir A.
awamori bang phuong phap bé mit dap tUng.
Nghién ciru nay di tién hanh khao sat theo thira s6
4 nhan t6, 5 mirc d6 véi diém trung tam, bao g6m
ndng do co chat (5+25%), pH ban dau ctia moi
truong (3,0+7,0), nhiét d 1én men (25+37°C) va ty
16 moc st dung (2+10%). Két qua cho thay, mo
hinh bac hai mé rong da dugc thiét lap dé xac dinh
anh hudng tuong tic cua cac diéu kién 1én men dén
hiéu suét thu nhan enzyme.

Trong pham vi nghién ctru nay, tuong tac cua
cac dleu kién 1én men bé mit trén moi truong rén
(bao gom pH, d6 4m moi truong, ty 1€ huyen phu
bao tir ndm va nhiét do &) dén qua trinh tong hop
pectin methylesterase tir dong 4. niger da dugc
tuyén chon d duoc thuc hién.
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2 PHAP NGHIEN CUU

2.1 Nguyén liéu

Nim méc: Hai dong ndm mbc Aspergillus
niger So;va R; da dugc phan lap, dinh danh va bao
quan & 4°C tai Bo mén Cong nghé thuc pham,
Khoa Néng nghiép va Sinh hoc Ung dung va Vién
Nghién ctru va Phat trién Cong nghé sinh hoc,
Truong DPai hoc Can Tho. Cho 5 mL dung dich
NaCl 0,025M vao 6ng nghiém chia 4. niger da
dugc nudi céy 4 ngay dé thu nhan dung dich c6
chtra bao tir nAm 4. niger. Dung dich nay dugce
s dung dé chung vao cac binh tam gidc c6 san
co chat.

Co chit: Bi tio ta duge ép tach loai nudc
(bang co hoc) va dugc sdy ¢ nhiét 46 60+1°C dén
do6 am 6+1% (thoi gian say khoang 3+4 gid). Ba
tao kho dwoc nghién thanh bot va dong goi trong
cac bao PA, d6 chan khong 90%. Vo budi Nam
Roi chi 14y phan vé tring bén trong, rira sach va cat
nho khoang 1 mm, tach b6t d6 4m vo budi xubng
con 50% trude khi phdi tron (Tran e al., 2009).

2.2 Téi wu héa diéu kién mdi truomg sinh
tong hop PME

2.2.1 Thanh phan méi truong va dong
Aspergillus niger thich hop

Thanh phin méi truong 1én men bé mat trén
mdi truong ran (SFF) sinh tong hgp PME va dong
Aspergillus niger thich hop dua trén khao sat cua
Tran et al. (2009), Tran va Nguyen (2010), Tran et
al. (2010). Ba tao ta kho va vo buoi Nam Roi dugc
tron voi ti 18 1:1 1a thanh phin co chit 1én men
chinh. Thanh phan dinh dudng bd sung vao moi
truong 1én men gom sung 0,1% urea, 0,5%
MgCl, va 0,15% CaCl,. Su két hop cua 2 dong A.
niger Ry va So; ¢6 ngudn gdc tir vo budi Nam Roi
va v cam soan v6i ty 18 1:1 (mat s6 huyén phu bao
tr ndm 1a 10° cfu/mL) dugc Iya chon trong nghién
ctru x4c dinh diéu kién thich hgp cho qua trinh lén
men rin sinh tong hgp PME c6 hiéu qua cao nhat.

2.2.2 Anh hudng twong tic ciia cdc diéu kién
1én men dén hiéu qud thu nhgn PME

Muc dich cia khao sat 1a xay dung phuong
trinh hoi quy cta cac yéu td twong tic gom pH, do
am ban dau cia mdi trudng, ty 18 huyén phu bao tir
nam bd sung va nhiét do G dén qua trinh sinh
téng hop PME tir 4. niger theo phwong phap bé
mat dap tng.

Dua trén két qua khao sat anh hudng riéng 1¢
cua ty I¢ huyén phu bao tir nim sir dung, pH, do
4m va nhiét d6 u (Tran va Nguyen, 2010), tién
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hanh t6i wu héa cac diéu kién 1én men nay theo
phuong phap bé mat dap ung vdi 4 nhén to thay
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d6i ¢ 5 mirc do (Bang 1) vé6i 7 diém trung tim véi
tong sO nghiém thirc khao sat duoc thiet 1ap la 31.

Bang 1: Gia tri ma hoa va gia tri thuc ciia cac nhan td tuwong tac dén hiéu qua sinh téng hop PME (U/g)

Gia tri ma hoa

Nhan to Ky hi¢u 2 0 +1 2
Ty 18 huyén phu bao tir ndm (10° cfu/mL) bd sung  X,(%v/w; mL/100g) 12 14 16 18 20
pH ban ddu ciia méi trudng X 30 35 40 45 50
Nhiét d6 0 X; (°C) 28 31 34 37 40
Do 4m ban dau ciia moi trudng X4 (%) 50 55 60 65 70

Tién hanh pha lodng co chit dén d6 4m véi cac
ty 1¢ khao sat (X4) ung voi cac gia tri cua pH (X2)
bang dung dich dém citrate. Sau khi cy nam mdc
Vi cac ty 18 huyén phi bao tir ndm thay ddi (X)),
mau khao sat duoc tién hanh 1én men & cac ta 1 co
nhiét d6 khao sat (X3) twong ung voi thoi gian 1é€n
men dugc cd dinh 13 96 gio (Tran va Nguyen,
2010).

St dung dung dich dém citrate pH 3,6 dé thu
liy dung dich enzyme tho va canh trudng sau lén
men 13 2:1. Qua trinh trich ly tién hanh & nhiét do
35°C va thoi gian 50 phut (Tran et al., 2009). Thu
dich chra enzyme tuong Ung véi ting muc thoi
gian khao sat dé do dac hoat tinh PME c6 trong
dich trich.

T hoat tinh cia PME (U/g) twong ing véi cac
mau khao sat, st dung chuong trinh Statgraphics
Centurion 16,1 dé phén tich twong tic ctia cac nhan
t6, xay dung phuong trinh biéu thi hoat tinh PME

thu dwoc trong mdi twong quan cua céc thong sd
1én men. V& do thi duong dong diém biéu dién hoat
tinh PME thu dwoc dua trén tuong tac cia 2 nhan
t6 va 2 nhén t6 con lai dugc gilt & diém trung tam.
Xac dinh cic thong s t6i wu hoa cia qua trinh
lén men.

3 KET QUA VA THAO LUAN

Nghién ciru xac dinh hdi quy twong quan cua 4
nhan t6, bao gdm ty 1& huyén phu bao tir nAm sir
dung X; (12+20% v/w), pH ban dau ciua moi
truong X, (3,0+5,0), nhi¢t do G X3 (28+40°C) va
d6 4m ban dau moéi trudng X4 (50+-70%) dén hoat
tinh PME thu nhan (Y, U/g) dugc thyc hién. Ma
tran thiét ké thi nghiém theo phuwong phap bé mit
dap tng (RSM) vo6i md hinh phirc hop tai tam
(CCD) dugc thiét lap voi 5 mirc do khao sat twong
tmg mdi bién va 7 diém trung tam. Két qua phan
tich anh huong cua cic nhan t6 mi hoéa ddi véi
phuong trinh hoi quy duoc trinh bay ¢ Bang 2.

Bang 2: Anh hudng ciia cic nhén t6 ma hoéa dbi véi phwong trinh hdi quy

Nhén t6 Toéng binh phwong  Bac tw do Phwong sai Ty s6 F Gia tri P
Xi 37,2504 1 37,2504 5,68 0,0299
X 54,3004 1 54,3004 8,28 0,0109
X3 1351,5000 1 1351,5000 206,19 0,0000
X4 424.,2000 1 424,2000 64,72 0,0000
X1 X, 1284,1800 1 1284,1800 195,92 0,0000
X1 X 155,6260 1 155,6260 23,74 0,0020
X1 X3 73,5306 1 73,5306 11,22 0,0410
XXy 64,4006 1 64,4006 9,83 0,0064
X7? 4170,3500 1 4170,3500 636,25 0,0000
X2 X3 43,8906 1 43,8906 6,70 0,0198
X2 X4 172,2660 1 172,2660 26,28 0,0010
X3? 2467,3100 1 2467,3100 376,43 0,0000
X3 X4 117,1810 1 117,1810 17,88 0,0060
X4 979,0660 1 979,0660 149,37 0,0000
Sai 56 104,8730 16 6,5546

Tir Bang 2, tat ca gia tri P cua cac thira s6 déu
nho hon 0,05 dd ching té cac nhan t6 khao sat déu
anh huong dén qué trinh 1én men bé mit trén moi
truong SSF sinh tong hop PME tir 4. niger. Hé s6
hdi quy bac mot ciia X, Xa, X3 va X4 ciing nhu hé
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sO tucmg tac cua X;Xp, X1X3, X1X4, XX, X2X4 va
X3X4 déu khac biét co y nghia ve mat thong ké &
do tin cay 95%, dong thoi hé s hoi quy bac hai
cua Xi2 ", X2?, X5? va X4? cling khac biét y nghia vé
mit théng ké. Piéu nay da gop phin khing dinh
mirc 6 anh huong cia timg bién doc 1ap ciing nhur
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cac tuong tic cd ¥y nghia dén qua trinh 1én men
dugc khao sat.

Dua trén két qua phan tich ANOVA, phuong
trinh hoi quy thé hién sy twong quan ciia diéu kién
1én men dén hoat tinh PME thu nhan dugc thiét lap
va s dung dé du doan hidu qua sinh téng hop
PME. Hoat tinh PME md phong (Y ly thuyét) duoc
xac dinh bang cach thay cac bién vai gia tri thuc

Ty
3 60 =0,9891x + 0.4
= r =0,9891
£ 50
& 40
= 30
=
s 20
=
= 10
:-g.
= 0
0 10 20

30
Hoat tinh PME thwc nghié m (U/ g)
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vao phuong trinh sau: Y =-3331,94 + 66,60 X; +
323,06 X, + 73,38 X3 + 31,34 X4 - 1,68 X\*-
312X X, + 0,36X:X;5 - 0,20X:Xy - 48,31X22 +
1,L10XoXs + 1,31XpXy - 1,03X32 - 0,18X5Xy -
0,23X.2(R2 = 0,989) (1)

Hoat tinh PME thu duoc tir thuc nghiém va tinh
toan theo phuong trinh c6 d¢ tuong thich cao ¢ gia
trir = 0,9891 (Hinh 1).

40 50 60 70

Hinh 1: D6 thi twong quan giira hoat tinh PME xac dinh thyc nghiém va tinh toan theo phwong trinh
hoi quy

Nhu vay c6 thé két luan rang phuong trinh hoi
quy di mo ta dung cac két qua thuc nghiém. Hé sb
tuong quan cho biét 98,9% su bién d6i hoat tinh
PME 14 do anh huéng ciia cac bién doc lap X, Xo,
X3 va X4 va chi 6 1,1% su thay dbi 1a do cac yéu
t6 khong xac dinh duqc gay ra.

Chudi d thi biéu dién twong quan ctia 2 nhan tb
khao sat (cb dinh 2 nhan t6 con lai & diém trung
tam) dén hoat tinh PME thu nhén dugc thé hién &
Hinh 2, 3, 4, 5, 6, 7 va 8 (dd thi duong dong diém
tuong ing vé6i 6 cip anh huong dong thoi).
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Hinh 2: D6 thi biéu dién sy twong tic ciia cip nhan t6 dén hiéu qua thu nhin PME
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D6 thi tdng quat & Hinh 2 cho thdy, hau hét cac
nhan t6 déu co su anh huong dong thoi dén qua
trinh tong hop enzyme. Tuy nhién, anh huong dong
thoi cia viée diéu chinh ty 18 huyén phu bao tur
ndm bd sung va pH ban ddu ctua méi trudng 1én
men khong mang lai hiéu qua sinh tong hop PME
vuot troi, thé hién ¢ dinh t6i wu nim ¢ mirc thép
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Hinh 3: Do thi duong dong diém
bleu dién twong tac cia ty 1¢ huyen phu bao ti
nim va pH moi trudong ban dau dén hoat tinh
PME thu nhin
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Hinh 5: Db thi duwdong dong diém
biéu dién twong tac ciia ty 1¢ huyén phii bao tir
nim va do Am madi truong ban diu dén hoat tinh
PME thu nhin

C6 dinh nhiét @ 11 34 °C va pH 4,0)
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khi so sanh vai cac cap tuong tac khac.

Anh huéng dong thoi cua viée diéu chinh pH va
cic nhan td khac nhu nhiét do u, d6 4m ban dau
cua moi truong 1én men cling khong tao nén hiéu
qua thu nhén PME cao khi so sanh voi cac cap
tuong tac ctia nhiét do G va d6 4m hay ty 1é huyén
phul bao tir ndm st dung (Hinh 3, 4 va 5).
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Hinh 4: D6 thi dudng dong diém
biéu dién twong quan cua ty 1€ huyen phu bao ti
nim bd sung va nhiét do
dén hoat tinh PME thu nhén

C6 dinh dg am va pH méi trwdng la 60% va 4, 0
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Hinh 6: D6 thi dwong dong diém
biéu dién twong tic ciia nhiét dd i va
pH ban diu ciia méi trudong
dén hoat tinh PME thu nhén

Ty 1¢ huyén phit bao tit ndam 16% va dé am 60%
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Hinh 7: P6 thi dwong dong diém
biéu dién twong tic ciia pH va do Am ban diu
ciia mdi trudng 1én men dén
hoat tinh PME thu nhén

Ty 1¢ huyén phit bao tir ndm 16%; nhiét @6 i 34 °C
O ty 1& huyén phu bao tir nAm méc bo sung thap
(12%), viéc diéu chinh pH ban dau ciia méi truong
lén men & murc cao (pH 5,0) cho hiéu sudt cao hon
hén so v6i mirc pH thip (pH 3,0). Khi ty 18 huyén
phu bao tir ndm méc tang dén khoang 16+17% thi
hoat tinh PME thu duoc tmg voéi pH ban dau cao
nhat (5, 0) hay thap nhat (3,0) bang nhau. Khi ting
ty 1& huyén phi nAm mdc 1én dén 20% thi hoat tinh
PME thu dugc c¢6 xu huéng cao hon & pH thép
(Hinh 2a va 3).

Tuong tu, khi ¢d dinh hai bién d6 4m va pH
ban dau ciia moi truong i mde (Hinh 2b va 4), hoat
tinh PME thu dugc thap khi nhiét d6 moi truong 0
& muc khao sat thap nhit (28°C) - ngay ca o ty 18
ndm mdc st dung cao va chi thé hién hoat tinh &
didu kién nhiét do thip vé6i luong ndm méc sir
dung vura phai. Nguoc lai, & nhiét d6 0 cao nhit,
mirc d6 4m mdi truong thip cho hiéu qua thu
nhan enzyme cao hon trudng hop diéu chinh 4m &
murc cao.

Noi cach khéc, 6 ty 16 huyén phi bao tir ndm bd
sung thép, su thay ddi nhiét do u khong anh hudng
nhiéu dén hoat tinh PME thu duoc. Piéu nay ciing
xay ra tuong tu 601 v6i sy anh huong ddng thoi cua
d6 4m va nam méc (Hinh 2¢ va 5), pH va nhiét d
(Hinh 2d va 6), nhiét d6 va do 4m (Hinh 2f va 8).

Anh huéng ddng thoi cia d6 4m va nidm méc
dan dén su gia tang hoat tinh PME cao hon khi
di€u chinh ty 1€ huyén phu bao tir nam bo sung vé
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Hinh 8: P6 thi dwong dong diém
biéu dién twong tic giita nhiét do 0 va
d9 4m ban diu ciia méi truong 1én men
dén hoat tinh PME thu nhén

C6 dinh ty 1¢ huyén phit bao tir nam 16% va pH 4,0
mirc cao. Dic biét, d6 4m thap 1a diéu kién thich
hop hon cho sy tao thanh PME ¢ ty 1& nim mdc bd
sung gia tang. Trong khi do, nhiét d9 U ting cao
gitp sy tang trudng cla nam mdc tot hon, nho d6
gia tang kha nang tong hop enzyme. Diéu kién lén
men sinh tong hop PME tbi wu ¢ khoang trung
binh ctia pH khao sat, tuy nhién nhi¢t d§ U thich
hop lai 1éch dan vé& mic nhiét do cao. Mic du su
tac dong cua pH khong cho hi€u qua thu nhan PME
cao, tuy nhién & muc pH thip, sy thay ddi nhiét do
U hau nhu khong ¢6 anh huéng manh mé& dén hoat
d6ng ctia nAm mdc va sy téng hop PME. Khi gié tri
pH ban dau ciia méi trudng 1én men ting, hoat tinh
PME thu duoc giam dan & nhiét do thap. Do thi
dudng dong diém ¢ Hinh 8 va db thi twong tac cta
hai yéu t6 nhiét 46 va d6 4m (Hinh 2f) mot 1an nira
khang dinh, nhiét d6 w thich hop léch dan vé mirc
cao (vugt hon mirc tdm 34°C). O nhiét do u cao
nhit (40°C), 46 4m moi trudng cao co 18 1a nguyén
nhan din dén su cong huong vé nhiét do do su bdc
hoi nude dan dén tro ngai vé didu kién phu hop cho
su tong hop enzyme, ddng thoi do am va nhiét do
cao sé& thiic day su tang trudng nam mdc nhidu hon
su tich lity PME, dan dén hiéu qua thu nhan PME
thdp hon khi d6 4m ting cao cing véi su gia ting
nhiét do (Suresh et al., 2009). Nghién ctru cua Patil
va Dayanand (2006) ciing tim ra nhiét do t6i uu
cho qua trinh sinh tong hop cic enzyme thudc
nhom pectinase (PL, PG va PME) tur 4. niger 6 cé
hai phuong thirc 1én men long (SmF) va SSF la
34°C. Mac du vay, nhiét d¢ thich hop cho qua trinh
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sinh tong hop PME ciing thay ddi tuy thudc vao
dong vi sinh vat sir dung, va ngay ca diéu kién khi
hau bén ngoai. Bayoumi er al. (2008) da dé xuét
nhiét d6 0 37°C 1a didu kién thich hop khi nudi ciy
Bacillus firmus — I — 4071, sinh tong hop pectinase.
Trong khi d0, rat nhidu cac nghién ciru sinh tong
hop pectinase néi chung va PME ndi riéng lai tim
ra mirc nhiét d6 t&i wu 1a 30°C va 31°C (Boccas et
al., 1994; Castilho et al., 2000).

Cubi cing, anh huong dong thoi ciia do am va
pH (Hinh 2e¢ va 7) lai tao sy bién thién ngugc khi
so sanh véi cac cap tuong tac khac. O gia tri pH
cao (5,0), su thay doi d6 4m méi truong nudi G hau
nhu khong c6 anh huéng dén hiéu qua thu nhan
enzyme.

Nhin chung, cac yéu té nhiét do, d6 am, pH va
ty 16 nAm mdc khong chi thé hién anh huéng bac 1
va bac 2 dén hiéu qua thu nhan enzyme ma con
chiu su anh huéng dong thoi cia timg cip nhan td
dén kha nang tong hgp PME.

Tir phuong trinh (1) cho thay, diéu kién t6i uu
dé dat duoc hoat tinh PME cao nhat (98,9%) nhu
sau: Ty 1& huyén phu bao tir ndm A. niger (10°
cfu/mL) str dung la 16,5% & nhiét d6 u 35,5°C va
pH ciing nhu d6 4m ban dau ciia méi trudong lén
men lan luot 1a 4,0 va 57,4%. Hoat tinh PME duoc
md phong theo didu kién 1én men tdi wu 1a 66 U/g.
Tir két qua ndy, qua trinh 1én men SSF sinh
tong hop PME tir A. niger So, va R, dudi diéu kién
1én men t6i wu duoc tién hanh véi hoat tinh
enzyme & diéu kién thuc nghiém (3 1an lap lai) 1a
65,6+3,14 U/g.

4 KET LUAN

Két qua nghién ciru tim ra dugc diéu kién 1én
men sinh téng hop PME dugc mé hinh hoa bing
phuong phap bé mit dap tng voi md hinh phic
hop tai tim. Céac thong s t6i wu ciia qua trinh 1én
men duogc xac dinh gém d6 4m ban dau 57,4%, pH
4,0 (didu chinh bang citrate), nhiét 6 35,5°C, ty 1&
huyén phu bao tr nim 16,5% v/w, thoi gian : 96
gid. Thanh phan dudng chit bd sung thich hop 1a
0,15% CaCl,, 0,5% MgCl, va 0,1% urea.
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