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PHAT TRIEN HE THONG CHI THI SINH HOC MO TA
TUONG QUAN NHIET PQ - THOI GIAN
CHO QUA TRINH THANH TRUNG NHIET

Chéu Trén Diém Ai' , lesel Van der Plancken, Tara Grauwet va Marc Hendrickx
ABSTRACT

The aim of this study was developing a biological (mainly on enzyme activity) single
component TTI in the pasteurization range (60 to 100°C) to evaluate the impact of the
thermal process. Bacillus amyloliquefaciens (BAA)) were chosen to study and solvent
engineering was applied to obtain the appropriate kinetic model. The effect of calcium
ion on the enhancement of their thermal inactivation was observed. BAA (0.04 mg/mL in
Tris HCI buffer pH 8.6, CaCl, 5 mM) under isothermal inactivation of BAA were
described by first order kinetic model. The kinetic parameters estimated from the
isothermal conditions are valid in dynamic condition. The one step non-linear regression
was used to estimate the kinetic parameters of both Arrenius model and TDT model. In
this study, the BAA system could be validated in non-isothermal condition with z-value is
15.12°C. To evaluate better the impact of thermal process, other TTI component should
be studied and combined with this BAA system.

Keywords: Time - temperature indicator, TTI, thermal process, Bacillus
amyloliquefaciens, BAA, kinetic model

Title: Development of a time - temperature indicator (TTI) system for the quantification
of safety and quality of thermal pasteurization processes

TOM TAT

Enzyme a-amylase tir Bacillus Amyloliquefacien (BAA) dwoc chon dé nghién ciru phat
trién chi thi tuwong quan nhiét do va thoi gian bang phwong phap tich phan (TTI) dya vao
hoat tinh cia enzyme (trong khodng nhiét do thanh trung 60-100 °C). Khi xw Iy nhiét,
BAA o né‘ng do thd'p bi vé hoat. B bén nhiét ciia BAA tang lén khi co mdt cua ion Cca’*
trong dung méi. Phirong trinh nhiét dong hoc ding nhiét cia BAA ¢ nong d 0.04mg/mL
trong dung dich d@ém Tris/HCI, pH 8.6, CaCl, 5 mM dwoc mé ta bang phirong trinh phdn
ing bdc nhdt. Cdc théng so nhiét déng hoc ciia BAA wée lwong duwdi ché do xir Iy dang
nhiét dwoc kiém ching ding dwdi ché dg xir Iy bat dang nhiét. Phan tich hoi qui khéng
tuyén tinh mot budc duoc dung dé woc luwong cac thong 56 nhiét dong hoc trong cdc
phirong trinh Arrenius va TDT. Trong nghién civu, hé thong chi thi mét thanh phan BAA
diege kiém chitng diing dwdi ché dp xir Iy bat dang nhiét véi z=15.12 °C. Pé danh gid tot
hon anh huwong cua qua trinh xu ly nhiét lén san phdm, can nghién ciru két hop thém mét
hé théng chi thi twong ty voi gia tri z khac.

Tir khoa: a-amylase, Bacillus Amyloliquefacien, twong quan nhiét do - thoi gian,
thanh trung nhiét, chi thi

1 PAT VAN PE

Su phat trién cua ky thuat qua trinh nhiét ciing v6i yéu cau ngay cang phat trién
cua xa hdi doi voi chat lugng va an toan thyc pham doi hoi sy c6 mat cua ky thuat
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danh gia hiéu qua nhiing tac dong cua qua trinh xur 1y nhiét dén thyc phdm. Chi thi
turong quan nhiét do va thoi gian bang phuong phép tich phan (TTI) dugc biét dén
nhu 12 mot phuong phap thich hop dé danh gia tac dong ciia qua trinh xtr 1y nhiét.
TTI mé phong hoan toan hodc gin nhu hoan toan anh hudéng cia qua trinh xtr ly
nhiét 1én san pham thyc pham. TTI dya trén hoat tinh cta enzyme cho thiy nhiing
uu diém so vé6i cac loai TTI khac ding dé danh gia tac dong cua qua trinh xtr ly
nhiét 1én san pharn Muc tiéu cia nghién ciru 1a nham phat trién mot hé thong chi
thi sinh hoc cho qua trinh thanh trung nhiét dwa vao hoat tinh clia enzyme (trong
khoang nhiét do 60-100°C).

Enzyme a-amylase tit Bacillus amyloliquefaciens (BAA) thuéc nhom a-amylase
va duoc sir dung rong rai trong cong nghiép thuc phim. BAA di va dang duoc
nghién ciru dé phat trién TTI ing dung trong qua trinh thanh tring va tiét tring
(Van Loey et al., 1997). Ngoai ra dya trén nhitng két qua kha quan vé sy bén nhiét
ciia BAA, enzyme nay dang dugc nghién ciru dé phat trién TTI nhiéu thanh phan
(Tomazic va Klibanov, 1988; Lee et al., 2006). Do d6 trong nghién ctru nay, BAA
dugc chon lam ddi twong nghién ciru dé phat trién TTI trong qua trinh thanh
trung nhiét.

2 NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Nguyén liéu
o-Amylase tir Bacillus amyloliquefaciens

Enzyme BAA (EC 3.2.1.1) dugc mua cua cong ty Sigma (Germany) dudi dang bot
kho. Ban dau, BAA duoc pha trong dung dich dém 0.1 M Tris/HCI, pH 7.6 vdi
néng do dung dich mau géc néng d6 100 mg/ml va duge lIuu trir & nhiét do -80°C
trong nhiéu 6ng nghiém. Cac dung dich pha long trong cic dung méi thich hop &
mdi thi nghiém duoc pha méi tir dung dich gbc. Co chat Megazyme (Ireland) duoc
mua dudi dang bot, chita 54.5 mg p-nitrophenyl maltoheptaoxide (BPNPG7)
khong khir va 125 U a-glucosidase trong mét lo. Bot co chét Ceralpha duogc
chuyén thanh dung dich trong 10 mL nudc cat va duoc trit & -20 °C trong nhiéu
dng nghiém nho. Téac chat ding phan tmg trong phuong phap do hoat d6 enzyme
1a dung dich tri-sodium phosphate solution 20% (w/v), pH 11. Cac hoa chét khac
dat tiéu chuan phan tich.

2.2 Phwong phap nghién ctru
Do hogt do enzyme

Dung dich enzyme a-amylase dugc pha loang trong dung dich dém citrate 0.1M,
pH 6.0 (tai pH t6i wu enzyme bén nhiét a-glucosidase). Khoang nong do lam viéc
cho phep cua phuong phap xac dinh hoat d6 enzyme dugc udc luong bang cach
1ap duong chuin cho enzyme va xac dinh phan dudng thing biéu thi twong quan
nong d6 enzyme va hoat d6 enzyme do dugc. 20 pL of enzyme BAA dugc cho vao
20 pL co chat. Hon hop dugc t & 40°C trong 10 phut, trong bé diéu nhiét. Sau do,
300 pL tac chat dimg phan tng duoc thém vao dé dimg phan tmg. Hon hop cubi
cung dugc gitt 15 phat trong nude da nham 6n dinh d6 hap thu anh sang cua hdn
hop. D6 hép thy anh sang cua hdn hop dugc do bang quang phd ké ¢ bude song
400 nm 6 25°C.
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Hoat do ctia enzyme BAA dugc tinh bang luong enzyme o-amylase can thiét dé
giai phong 1 micromole p-nitrophenol trong mot phut tr p-nitrophenyl
maltoheptaoside véi sy hién dién cia mot lugng vira du a-glucosidase.

HOGl dé a'amylase = (AA400 nm * I/)/(t * Vt*gmM) (1)

Trong do: AA4ponm=A-A0

V= thé tich cuvette do mau; Vt= thé tich aliquot assayed

A,Ao d6 hip thu anh sang ctia hdn hgp enzyme sau phan (mg va mau kiém ching
emv: HE s& hap thu phan tir cua p-nitrophenol trong dung dich 1% trisodium
phosphate & budc séng 400nm va e,y =18.1 mM'em™.

Hoat d6 cua enzyme sau khi xtr ly nhiét dugc biéu thi béng ti 1€ phz‘in tram so voi
hoat d6 ctia enzyme trude khi xtr Iy nhiét.

BAA duoc thi nghiém & cac ndng do va diéu kién dung méi nhu trong bang 1. Anh
huéng cia ion Ca®" dén d6 bén nhiét cia BAA ciing dugc nghién ciru.

Bing 1: Cac dung dich enzyme trong thi nghiém dd bén nhiét cia BAA

Nong dd BAA Phu gia trong  Nhiét dd

Dung dich dém pH

(mg/ml) dung moi T°C
0.1 M Tris/HCI 8.6 0.04 - 40-110
0.1 M Tris/HCI 8.6 0.4 - 40-120
0.1 M Tris/HCI 8.6 0.04 5 mM CaCl, 40-110
0.1 M phosphate buffer 7.0 0.04 - 40—110

Xt Iy dang nhiét

BAA dugc pha lodng tir dung dich BAA gbc (100 mg/ml BAA trong dung dich
dém 0.1 M Tris/HCI, pH 7.6) trong cac dung mdi thich hop nhu bang 1. Cac dung
dich mau BAA nay duoc chura trong cac 6ng mao quan thuy tinh nho, bit kin (kich
thuge 1.15mm x 150mm, xudt xu Hirschmann Laborgerate, Germany) dq dam bao
ché do xur ly dang nhiét. Xu ly dang nhiét dugc thyc hién trong cac bé diéu nhiét &
nhiét C}(f) thi nghiﬁ:m trong khoang thoi gian nhat dinh. Sau khi xir 1y nhiét, BAA
trong ong mao dan dugc pha loang va do hoat d6 con lai cia enzyme.

Xt Iy khéng dang nhiét

Céc ong thuy tinh kin ¢6 duong kinh 1.2 cm chira 1 mL dung dich BAA dugce xur
Iy nhiét trong céc be di€u nhiét. Nhiét do gﬁa dung dich dugc do bang cdp nhiét
dién tai vi tri 2 cm cach day ong nghiém. Do thi’ mo ta tuong quan thoi gian - nhiét
d6 duoc ghi nhan véi budce thoi gian 2 gidy suot qua trinh nang nhiét cho dén khi
lam lanh.

Phan tich két qua

Tuong quan thoi gian — nhiét d6 trong qua trinh phan tmg trc ché nhiét enzyme va
su phu thudc cia hang sO phan tmg vao nhiét do dugec mo ta bang cic phuong
trinh khac nhau. D4i véi thi nghiém xir Iy dang nhiét, phuong trinh:

—dA/dt= kA" (2)
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duoc st dung dé mo ta su thay ddi hoat do enzyme theo thoi gian. Sy phu thude
theo nhiét do ctia hang so toc dd vo hoat enzyme trong qua trinh xr Iy nhiét dugc
dugc mo ta theo phuong trinh  Arrhenius:

oo (B 2o

hodc phuong trinh “thoi gian chét nhiét” TDT:

Tref -T

D :DTre/ *10 : (4)

Phén tich khong ho6i qui mot budc bang phan mém phan tich SAS (phién ban 9.1,
Cary, USA) dé thiét 1ap cac phuong trinh mo ta moi twong quan nhiét do - th(n
gian cling nhu wdc luong cac thong sé dong nhiét hoc ciia qua trinh vo hoat cua
enzyme. Dé phén tich chat luong cta cac thong sé nhiét dong hoc duge udc luong,
dd thi mo ta tuong thich gitta hoat d6 xac dinh dya trén phép do quang phé va hoat
d6 tinh dwoc tir cac thong s6 nhiét dong hoc vira udc lugng duge xay dung. Do thi
biéu dién do sai biét gitta hoat d¢ ciia BAA sau khi xtt 1y nhiét trong ché do xir ly
dang nhiét va bat dang nhiét dugc thiét 1ap nhim tim cic diém bat thuong ma
phuong trinh dong hoc khong mé ta dugc.

D6i v6i ché do xir Iy nhiét khong dang nhiét, sy thay doi hoat d6 enzyme duge mo
ta bang cach két hop cac thong sb nhiét dong hoc di wéc lwong trong ché do xir ly
dang nhiét va mot trong hai phwong trinh Arrhenius hoic TDT. Trong d6, anh
hudng cuia nhiét d9 1én hang s6 v6 hoat enzyme ciing dugc tinh dén. Két hop hoat
tinh ctia enzyme sau khi xt 1y nhiét va twong quan nhiét d¢ thoi gian ghi nhan
béng cdp nhiét dién dé uoc lwong cac thong s6 nhiét dong hoc cua qua trinh vo
hoat enzyme & ché d6 xur Iy bat dang nhiét. Trong truong hop sy v hoat BAA
tuan theo phuong trinh bac nhit, cac phwong trinh sau biéu dién sy vo hoat ciia
BAA:

T-T,,

E TS
dA=—kTrq*eXP((7aj*[T1f ;DAdt (5) hodc aa=- 2094107 o suar (6)
Tref

3 KET QUA NGHIEN CUU VA THAO LUAN
Xac dinh khodng lam viéc cho phép cia phwong phdp xdc dinh hoat dé BAA

Khoang lam viéc cho phép cua phuong phap do hoat 46 BAA duoc thuc hién trong
dung dich dém citrate pH 6.0, pH tdi wu cho hoat dong cua BAA (Lee et al., 2006)
va cho hoat dong cluia enzyme bén nhiét a-glucosidase nam trong bd co chit
Ceralpha. Két qua cho thay trong khoang ndng d6 BAA tir 0 dén 0.005 mg/mL,
v6i cing mot lwong 20 pL co chat phan tng, d6 hip thu 4nh sang cta dung dich
sau phan tmg tang tuyén tinh theo ndng d6 enzyme (R*=0.9981). Su tin cdy cia thi
nghiém duoc kiém tra b::ing 5 lan lap lai thi nghiém voi néng do BAA 0.005
mg/mL va 0.0005 mg/mL, sai s6 gilra cac 1an 1ap lai thi nghiém nam trong pham vi
cho phép (Cv = 4.705 %). Do do, nong d6 BAA dung dé do hoat tinh cia BAA
trong tat ca cac thi nghiém voi dung méi pha lodng BAA va ché do xur 1y nhiét
khac nhau.
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D¢ bén nhiét cia BAA 0.4mg/mL trong dung dich dém 0.1M Tris/HCI, pH 8.6

Dé co thé st dung BAA nhu mot TTI trong qué trinh thanh tring nhiét, BAA phai
¢6 kha niang bi vo hoat khong dao ngugc trong khoang nhiét o thanh trang dang
nghién ctru. Vi vdy d6 bén nhiét cia BAA (ndng do 0.4 mg/mL trong dung dich
dém 0.1M Tris/HCI, pH 8.6) dugc kiém tra trong khoang nhiét do tir 40°C dén
120°C.
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Hinh 1: D) bén nhiét ciia BAA & 0.4mg/mL trong dung dich dém 0.1M Tris/HCI,
pH 8.6, t=10 phut

Hinh 1 cho théy BAA kha bén nhiét trong khoang nhiét d6 thi nghiém. Hoat do
cua BAA gidm khong ddo nguoc khi nhiét d tang. Sau thoi gian thanh trung 10
phut & 100°C, hoat do ctia BAA con lai hon 15%. Hoat d6 cia BAA giam manh
nhit trong khoang nhiét d6 60°C dén 100°C. Khi thanh tring dung dich BAA &
120°C trong 10 phut, enzyme BAA hoan toan bi vo hoat. Tuy nhién, BAA bi vo
hoat theo hai budc khac nhau ¢ hai giai doan nhiét d6 khac nhau. Trong khoang
nhiét d6 tir 60°C dén 80°C, hoat tinh cia BAA bj giam manh, trong khoang nhiét
d6 tir 80°C dén 110°C, hoat tinh ciia BAA bi giam it hon. Thuc nghiém cho thiy
khong c6 sy két tu enzyme, do d6 két qua ctia phép do quang phd khong bi anh
huong. Pac tinh v hoat khong ddo ngugc ciia BAA theo nhiét d6 ciing dugc nhan
thdy giéng nhu trong nghién ctru ctia Tomazic et al. (1988). Trong nghién ciru cua
Tomazic, sit dung phuong phap so mau dé do hoat d6 cia BAA, BAA bi v6 hoat
khong dao nguoce tai nhiét do 70°C (pH 5.0) va 90°C (pH 8.0).

Trong mdt nghién ctru khac cia Lee et al. (2006) BAA ciing bi vo hoat khong dao
ngugc trong khoang nhiét do 30 dén 90°C. Thong thuong, sy vo hoat do nhiét cia
enzyme BAA thuong xay ra kém theo sy két tu enzyme, tiy theo nong do cua
enzyme va pH cua dung moi hodc dung dich dém (Tomazic va Klibanov, 1988;
Duy va Fitter, 2005). Cac tac gia trén cho rang qué trinh két tu enzyme xay ra
nhiéu nhit & trang thai cdu tric mé va xay ra rat nhanh so véi qua trinh mé cu
trac enzyme. Su két tu enzyme duoc nhén thidy ¢ pH thap dudi pH 6.5 (gan véi
diém dang dién cia BAA (pl cia BAA nam trong khoang 5.09 tdi 5.18 (Borgia va
Campbell, 1978)) trong khi ¢ pH cao trén 8.0, khong thiy co su két tu.

Su kha bén nhiét cia BAA cho phép thuc hién cac nghién ctu tiép theo vé tinh
chat dong nhi€t hoc cua qua trinh v6 hoat. Tuy nhién, cac khao sat vé anh hudng
cua sy thay doi dung moi ciing dugc thuc hién d€ dat dugc twong quan bac nhat
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cua phuong trinh dong nhiét hoc ciia qua trinh v6 hoat BAA trong thanh
trung nhiét.

Khao sat anh hwong ciia thanh phan va pH ciia dung méi dén dé bén nhiét va ddc
tinh cua qua trinh vé hoat BAA

Khi thay d6i dung méi ciia BAA theo bang 1, két qua cho thdy (Hinh 2), khi xtr Iy
nhiét enzyme BAA ¢ ndng do thap (0.04 mg/mL) trong dung dich dém phosphate
buffer (pH 7.0), BAA kém bén nhiét nhat. Pong thoi sy qué trinh v6 hoat dién ra
theo 2 giai doan rd rét. Tuy nhién, sy tang hoat tinh cia BAA & diéu kién nay o
80°C 1a khong giai thich duoc.
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Hinh 2: Sy phu thudc ciia dd bén nhiét ciia BAA déi véi thanh phan dung méi va pH
0.04 mg/mL trong dém phosphate pH 7.0 (¢); 0.04 mg/mL trong dém Tris HCI buffer
pH 8.6 (m) va 0.04 mg/mL trong dém Tris HCI pH 8.6, CaCl, 5 mM(A)

BAA & nong d6 0.04 mg/mL trong Tris/HCI buffer (khong bd sung CaCl,) cho
thdy kha ning bi vo hoat do nhiét trong khoang nhiét d¢ rong tir 40°C dén 110°C
va hoat d0 BAA giam manh nhat tai 60°C. Tai 110°C, hoat do cia BAA ¢ diéu
kién nay hoan toan bi trc ché.

BAA & nong do cao (0.4 mg/mL trong dung dich dém Tris/HCI pH 8.6) bén nhiét
hon so véi ca hai truong hgp BAA ndng do thip (0.04 mg/mL) dung dich dém
phosphate va Tris/HCI buffer pH 8.6. Tuy nhién, BAA & ndng d6 cao (0.4 mg/mL
trong dung dich dém Tris/HCI pH 8.6) kém bén nhiét hon BAA & ndng do thap
trong dung dich dém co bd sung CaCl,. Su vo hoat do nhiét cia BAA ¢ diéu kién
nay xay ra manh nhét trong khoang nhiét do 70°C to 90°C va xay ra trong mot giai
doan duy nhat. Cé nhiéu nghién ctru da duoc thuc hién dé ting su bén nhiét cua
BAA. Cac ngudn cung cap gbc nOH dugc nghién ciru va cho thay kha ning lam
tang do bén nhiét cia BAA (Samborska et al., 2006). Trong cac dung mdi khong
phan cuc nay BAA bén nhiét hon va qué trinh vo hoat xay ra theo phuong trinh
dong nhiét hoc bac nhat (Saraiva et al., 1996). Ngoai ra, sy c6 mét cta ion calcium
trong dung dich 1am ting su bén nhiét cia a-amylase (Saboury, 2002; Tanaka va
Hoshino, 2002; Violet va Meunier, 1989; Lecker va Khan, 1996; Liebl et al., 1997,
Saboury, 2002; Tanaka va Hoshino, 2002).

Khao sat dac tinh nhiét dong hoc ciia qua trinh vo hoat BAA4 (0.04 mg/mL) trong
dung dich dém Tris/HCI co b6 sung CaCl, 5 mM o ché d¢ thanh tring.
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Qua trinh v6 hoat BAA 0.4 mg/mL (trong Tris/HCI pH 8.6) xay ra theo hai budc,
do d6 khong thich hop dé phat trién thanh TTI. BAA (0.04 mg/mL) trong dung
dich dém Tris/HCI ¢ bo sung CaCl, 5 mM c6 d6 bén nhiét cao. Theo khao sat ban
dau qua trinh v hoat BAA & diéu kién nay xdy ra theo mot bude. Vi vay thi
nghiém khao sat dac tinh nhiét dong hoc cua qua trinh vdé hoat BAA (0.04
mg/mL) trong dung dich dém Tris/HCI c6 b6 sung CaCl, 5 mM duogc thyuc hién.

Khao sat ddc tinh nhi¢t dong hoc cua quda trinh vé hoat BAA (0.04 mg/mL) trong
du7ng dich dém 0.1 M Tris/HCI c6 bo sung CaCl, 5 mM ¢ che do thanh trung
dang nhiét.

Qua trinh v hoat cia BAA & diéu kién nay dugc thuc hién & khoang nhiét d6 tr
72.5°C — 95°C. Sau khi xur 1y nhiét, BAA dugc do hoat do bang phuong phép
quang phd ¢ 25°C, budc song 400nm. Céac phuong trinh dong hoc mé ta cac qua
trinh v6 hoat béc 1, timg phan va song song dugc kiém tra duya trén két qua hoat do
BAA do dugc bang phuwong phap quang phd két hop cac phuong trinh (1), (2), (3).
Hoat tinh sau khi xir 1y nhiét cia BAA & diéu kién nay duoc thé hién trong hinh 3.
Trong d6 hoat d6 ciia BAA giam theo thoi gian trong khoang nhiét d¢ 72.5 to
75°C. Hoat d6 cia BAA giam cang nhanh khi ting nhiét d6 xur Iy nhiét. Kiém tra
phuong trinh nhiét dong hoc md ta qua trinh vo hoat cho thiy phuong trinh phan
g v6 hoat bac nhat mé ta ding nhat qua trinh vo hoat BAA (0.04 mg/mL trong
dung dich dém 0.1 M Tris/HCI ¢ bd sung CaCl, 5 mM) ¢ khoang nhiét d6 thi
nghiém. Hinh 4 thé hién sy twong thich giira hoat tinh enzyme do dugc bang
phuong phap quang pho va hoat tinh enzyme BAA udc luong khi str dung phén
tich hoi qui khong tuyén tinh ddi voi phuong trinh vo hoat béc nhat két hop
phuong trinh Arrhenius. Hinh 4 cho thdy c6 sy twong thich tot gitra hai gi4 tri hoat
d6 thu dugc vai hé s6 xac dinh bang 0.985.

Céc két qua trén thong nhit voi nghién ciru ciia Van Loey et al. (1997) khi nghién
ctru dong nhiét hoc cua su vo hoat enzyme BAA ndng d6 200 mg/mL (trong Tris,
pH 8.6) & nhiét do 77 dén 84°C. Sy v6 hoat theo phuong trinh bac nhét cta duoc
nhan thiy ¢ nghién ctru ciia Lee ef al. (2006).

Céc thong sd nhiét dong hoc cua qua trinh v6 hoat BAA dugc udc luong bang
phan tich hoi qui khong tuyén tinh. Gid tri hing sb téc do phan tng k tang theo
nhiét 9. Ca hai phuong trinh Arrhenius (3) va TDT (4) déu lan luot mé ta tbt su
phu thudc vao nhiét do cua hang sb toc do phan ng v6 hoat va thoi gian tic ché
thap phan.

139



Tap chi Khoa hoc 2010:15a 133-142 Truong Dai hoc Can Tho

120 3 100 <

=100 ~

S @ 8o - . e

>, 80 g- R

e = 60 - ,}‘ %

E 60 8 RO

= = 40 - 25°

= 40

» <« . :‘3

< 20 <20 Lg%,

< o £

m o o o ‘

3 50 4 0 50 100

g o

S = X

T T(°C) Hoat d0 BAA do dugc(%)
Hinh 3: Su v6 hoat d:fmg nhiét ciia BAA Hinh 4: Sy twong thl',ch cia phu’o'nrg
(0.04 mg/mL trong dung dich dém 0.1M trinh vo hoat bac nhat ciia BAA két
Tris/HCI; pH 8.6; CaCl, SmM) & 72.5°C hop voi ph\u’o’ng trinh Arrh,enius
(4), 75°C (m), 77.5°C (A), 80°C (x), 85°C (phan tich hoi qui khong tuyén tinh)

(*),95°C (o)

Hang sb toc do phan ung tham chiéu, gia tri D¢ va ning lugng hoat hoa cho phan
uing vo hoat dugc woc luong; Keer (phﬁt’l)=0.2071 + 0.0045; D, (phtit)=11.32+0.25
va E, (J/mol) =160130 +£3092.3. Trong d6 nhiét d6 tham chiéu T,=80°C. Van
Loey et al. (1997) dd tim duoc gid tri Dggoc = 46.8+0.8 (phut) khi xur 1y dang nhiét
BAA (6 200 mg/mL, trong dung dich Tris, pH 8.6) trong khoang nhiét d§ 77-
84°C. Gi4 tri nay cao hon nhiéu so véi nghién ctru hién tai. Diéu nay c6 thé giai
thich dua trén sy bén nhiét cia BAA & nong do cao. Gia tri z thu dugc z =15.12°C
cao hon gia tri z thu dugc tir nghién ctru ctia Van Loey et al. (1997) (7.6°C). Vi
véy gia tri Dy cia BAA trong nghién ctru ndy kém nhay cam v&i su thay doi cua
nhiét d6 hon so v&i nghién ctru ciia Van Loey. Céac két qua trén cho thdy, BAA ¢
kha nang dugc van dung nhu la mét TTI trong qua trinh thanh trung. Tuy nhién, dé
tmg dung trong thyc té, cac thong sb ciia phuong trinh nhiét déng hoc cua qua
trinh v6 hoat BAA uéc lugng ¢ didu kién dang nhiét phai dwoc kiém ching dudi
diéu kién bat dang nhiét.

Khao sat dac tinh nhiét dong hoc g‘da qua trinh vé hoat BAA’ (0.04 mg/mL trong
dung dich dém 0.1 M Tris/HCI, b6 sung CaCly, 5 mM) o ché d¢ thanh trung bat
dang nhiét.

Su kiém chuing déc tinh cia qué trinh v6 hoat BAA duoc thuc hién ¢ nhiét do
75°C, 80°C, 85°C. Két qua cho thdy, twong quan nhiét do - thoi gian clia qua trinh
v6 hoat BAA dudi diéu kién bat dang nhiét c6 do thi tuong tw nhu & ché do dang
nhiét. Cac thong s6 nhiét dong hoc kr va E, udc luong tir thi nghiém trong diéu
kién dang nhiét két hop v6i tuong quan nhiét do - thoi gian do duoc bang cap nhiét
dién dugc sir dung dé tinh toan hoat do cia BAA sau khi xir Iy nhiét (T,.= 80 °C)
So sanh cac gia tri vira tinh dugc voi cac gia tri hoat do do dwoc bang quang pho
ké. Két qua cho thiy su twong thich tét giita hai gia tri (R2 0.9745). Vi véy co thé
ké luan phuong trinh nhiét dong luc hoc ctia qua trinh v6 hoat BAA (0.04 mg/mL
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trong dung dich 0.1 M Tris/HCl, b sung CaCl, 5 mM) dudi diéu kién ding nhiét
duoc kiem chung dung dudi dicu kién xir Iy bat dang nhiét.

Céc thong s nhiét dong hoc ctia qua trinh vo hoat BAA duoc udc lugng dudi didu
kién xtr Iy khong déng nhiét bang cach sir dung phén tich hdi qui khong tuyén tinh
(non-linear regression) két hop cac phuong trinh Arrhenius va TDT. Nhiét d6 tham
chiéu T.=80 °C. Két qué wéc luong cho thiy, z (°C)= 14.2+1.3, Dyer (phut)=
10.73+ 0.973; ke (phut’) = 0219 £ 0.0113 (R%;,=0.9875); E, (J/mol)=
167567+10298.5 (Rznlm =0.9810). So v6i két qua thu duoc dudi diéu kién xir Iy
dang nhiét, cac tham s nhiét dong luc hoc thu duge ¢ diéu kién bat dang nhiét
khong co6 su khéac biét dang ké (a=0.05).

Tuy theo thyc pham, gia tri z ctia cic dic tinh chat lugng nam trong pham vi rong
(tir thiamin dang long z= 25°C, chlorophyllase trong spinach (z=12.2°C), catalase
trong spinach (z=8.3°C)...(Van Loey, 1996¢; Ramaswamy va Marcotte, 2005).
Tuy nhién, ¢ khia canh an toan thuc pham, gi4 tri z cia BAA trong diéu kién thi
nghiém nam ngoai pham vi gia tri z cua vi sinh vat thuong st dung dé danh gia
hiéu qua cua qua trinh thanh tring (z= 5 - 12°C). Vi vy, dung dich BAA can duoc
hiéu chinh thanh phén va pH dé c6 thé c6 dac tinh nhiét dong lyc hoc can thiét cua
TTI trong thyc té.

4 KET LUAN VA KIEN NGHI

Trong nghién ciru phat trién hé thong chi thi sinh hoc cho qué trinh thanh trung,
BAA (0.04 mg/mL trong dung dich dém 0.1 M Tris/HCI, b6 sung CaCl, 5 mM)
cho thdy kha ning c6 thé img dung dé dénh gia anh huong ciia qué trinh thanh
trung. BAA & diéu kién nay c6 dac tinh nhiét dong luc hoc cua phan Gng v6 hoat
theo phuong trinh ciia phan (mg bac nhat. Cac théng so nhiét dong luc hoc wéc
lrong dudi diéu kién dang nhiét duoc kiém chimg tot dudi diéu kién khong dang
nhiét. Gia tri z cia BAA nam trong khoang gia tri thuong gép cua cac dac tinh chat
lwong ciia thyc pham. Tuy nhién, nim ngoai pham vi cia cac vi sinh vat myc tiéu
ctia qua trinh thanh tring. Do d6, dé phat trién hoan chinh mot hé théng TTI, danh
gi4 tot qua trinh thanh tring, cdn nghién ciru hiéu chinh dung dich enzyme dé gia
tri z ndm trong pham vi st dung hoac nghién ctru phat trién hé théng TTI da
thanh phan.
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