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ABSTRACT

Thermal and combined high pressure-thermal degradation kinetics of
ascorbic acid in sodium acetate buffer (0.2 M, pH 5.0) and sodium
phosphate buffer (0.1 M, pH 7.0) were studied at different molar ratios
between oxygen and ascorbic acid. Thermal degradation of ascorbic acid
could be described by a biphasic model, suggesting that the degradation
occurred through aerobic and anaerobic pathways. It was observed that
the ascorbic acid degradation had already occurred during pressure build
up probably due to oxidation (aerobic degradation). When the oxygen
was totally used up, the anaerobic degradation dominated and took place
much more slowly than aerobic degradation. Thus, it seemed that ascorbic
acid was stable at pressures up to 700 MPa combined with temperatures
up to 70°C (up to 100 min of treatment after pressure build up). However,
ascorbic acid was degraded at extreme pressure temperature
combinations such as temperatures above 70°C combined with pressures
above 700 MPa. The molar ratio between ascorbic acid and oxygen was
an important parameter to estimate the proportion of ascorbic acid
aerobic degradation and to determine the concentration of ascorbic acid
needed to protect other nutrients during processing.

TOM TAT

Péng hoc phéin hity nhiét va két hop nhiét dé — dp sudt cia acid ascorbic
(voi ty Ié phan tw gitta oxy va acid ascorbic khac nhau) trong dung dich
dém acetate (0,2 M, pH 5,0) va phosphate (0,1 M, pH 7,0) da dwoc nghién
ctru. Sw phan huy nhiét cua acid ascorbic (AA) co thé dwoc mo td theo mo
hinh hai giai doan, cho thdy sw phén hity xdy ra théng qua con dwong hiéu
khi va ky khi. Hon nita, sy phdn iy AA xdy ra ngay trong giai doan gia
dp khi xir Iy dp sudt, chii yéu do qud trinh oxy hoa (phan hiy hiéu khi). Khi
oxy dwoc tiéu thu hét trong phan ing, sw phan hiy yem khi chiém wu thé
va dién ra chdgm hon rat nhzeu so VOl phdn hity hiéu khi. Do dé, acid
ascorbic thé hién kha ndang on dinh & dp sudt cao (700 MPa két hop véi
nhiét dg lén dén 70°C) sau 100 phiit xir Iy. Tuy nhién, AA bi phdin hiy &
diéu kién két hop nhiét va ap sudt cuc cao, nhiét dg trén 70°C két hop voi
dp sudt trén 700 MPa. Ty Ié phdn tir giita acid ascorbic va oxy la théng s6
quan trong dé wéc tinh ham hrong acid ascorbic bi phan hiyy hiéu khi va
dé xdc dinh nong do acid ascorbic can thiét dé bao vé cdc chdt dinh dwong
khdc trong qud trinh ché bién.
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1 GIOI THIEU

Rau qua 1a ngudn chinh cua vitamin C trong
ché do an cua con ngudi. Ham luong vitamin C
duoc danh gia dya vao ham luong acid ascorbic
(AA) va dang oxy hoéa ctua n6 (DHAA), hop chat
nay ciing cho thdy hoat tinh sinh hoc twong tu nhur
AA. Tuy nhién, trong qué trinh ché bién, AA d&
dang bi oxy hoa mot cach thuin nghich dé chuyén
thanh DHAA. Phan ung thuy phan khong nghich
dao cia DHAA s€ tao thanh 2,3 acid diketogulonic
lién quan dén sy tdn thit hoat tinh vitamin C
(Tauscher, 1995). Nhiéu nghién ciru cho thdy AA
nhay cam véi nhiét, c6 thé d& dang bi pha hiy
trong ché bién va bao quan thuc phim. Cac tac
dong anh hudng dén sy 6n dinh vitamin C bao gém
nhi¢t d6, ham lugng oxy, pH va éanh sang
(Ottaway, 2002). Cac thong tin vé sy 6n dinh ciia
vitamin céa trong dung dich dém va mo hinh thuc
pham da dugc cong bd (Taoukis ef al., 1998; Van
den Broeck ef al., 1998; Vieira et al., 2001), tuy
nhién két qua vé do bén va dong hoc phan huy cua
AA trong qua trinh ché bién van con nhiéu mau
thuan (Wilson et al., 1995; Roig et al., 1995; Van
den Broeck et al., 1998; Vieira et al., 2000; Rojas
va Gerschenson, 2001; Blasco et al., 2004). Ngoai
ra, cac thong tin vé dong hoc phan huy AA trong
diéu kién xtr Iy két hop nhiét va ap suit van con
han ché. Nhim danh gia tdc dong cua qua trinh ché
bién nhiét va ap suit cao dén sy On dinh cua
vitamin C, sy phan huy AA trong mé hinh mau
dugc nghién ciru dudi diéu kién dang ap va dang
nhiét - ding 4p trén co s& dong hoc. Anh huong
cua pH va ty 1€ phan tr gilra oxy va AA dén su 6n
dinh cia AA cling dugc danh gia.

2 PHUONG PHAP NGHIEN CUU
2.1 Chuén bi miu

AA tinh khiét (khéi lwong phan tir = 176,13,
p.a., Merck, Darmstadt, Germany) dugc st dung
cho nghién cuu nay. Véi ting thi nghiém, dung
dich AA dugc chudn bi hang ngay bang cach hoa
tan AA (50, 100, 250, 500 pg/ml) trong dung dich
dém acetate (0,2 M, pH 5,0) hodc dém phosphate
(0,1 M, pH 7,0) trong bé diéu nhiét (25°C). Sau khi
chuén bi mau va trude khi xt Iy nhiét, dung dich
AA v6i cac ndng do khac nhau duoc suc khong khi
am (téc d6 dong chay = 350 cc/phit) trong 20 phiit
& 25°C dé dat duoc khoang 8,0 ppm oxy hoa tan (=
0,25 mM) trong cac mau. Sau d6 nong do oxy duge
do bang dung cu do Strathkelvin oxygen meter
(model 782, Glasgow, Scotland). Cac mau dugc
cho vao microtube bang nhya déo 0,3 mL (Elkay,
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Leuven, Belgium) va dugc xur ly nhiét hodc xu ly
két hop nhiét do va ap suét.

2.2 Xir ly nhiét

Thi nghiém xu Iy nhiét dugc thyc hién trong bé
didu nhiét bang nudc (khi nhiét d6 < 90°C) hoic
bang dau (khi nhiét d6 > 90°C). Mau dugc chuan
bi (nhu da dé cap) va dugc xu ly ¢ cac nhiét do 80,
90 va 100°C. Sau mdi thoi gian xtr ly nhiét, cac
mau dugc giit trong nito 1ong dé han ché su phan
huy tiép theo. Sau do, do ham luong acid ascorbic
con lai & cac mau xir ly bang hé thong Séc ky long
hiéu nang cao (HPLC). Miu tring (C,) 1 mau
khgng xtr 1y nhiét. Mdi thi nghiém duogc lap lai
3 lan.

2.3 Xir Iy két hop nhiét va ap suét

Mau sau khi dugc chuan bi s& xtr Iy trong hé
thong 4p suét cao & quy mo pilot (thiét bi ap suat
cao multivessel Resato, Roden, Ha Lan), bao gém
sau bo phan diéu nhiét thé tich 40 ml c6 thé chiu
duogc ap luc 1én dén 800 MPa két hop véi nhiét do
tir 40 dén 70°C. Dé nghién ctru dong hoc phan hiy
cia AA, sy két hop 4ap suat (400 - 750 MPa) va
nhiét do (70 - 80°C) dugc thuc hién. Mau AA
trong 0,3 ml éng nhya déo (Elkay, Leuven, Bi)
duoc cho vao cac binh ap lyc dd duoc dugce can
bang & nhiét 46 mong mudn. Sau khi du thoi gian
gia 4p, mau dugc giit trong binh 2 phiit va sau d6
dugc trit trong nito 16ng cho dén khi do ndng do
AA con lai bang HPLC. Mbi thi nghiém xu ly
duoc thue hién ba lan.

2.4 Xac dinh va dinh lwgng ham lwgng AA
bang hé théng Sic ky 16ng hiéu ning cao
(HPLC - High Performance Liquid
Chromatography)

Hé théng HPLC (1200 Series Agilent
Technology) st dung cot sic ky RP-Cjs (Eclipse
XDB-Cis, Sum, 4,6 x 150 mm, Agilent
Technologies, Germany) va phin  mém
ChemStation dé xac dinh va dinh luong AA. Nhiét
do cua cot sic ky duoc duy tri ¢ 25°C. AA dugc do
tim bang dau do UV ¢ budc séng 254 nm. Pha
dong (eluent) 1a hon hop dung dich dém acid acetic
(10 mM, pH 3,0) va 1 mM Na,EDTA vdi toc do
dong chay 0,4 ml/min. Mau dugc tiém ty dong voi
thé tich 20 pL. Pinh (peak) AA dugc tim thiy &
thoi gian Iuu khoang tir 2,7 dén 3,0 phiit sau khi
mau duge tiém. Ham lugng AA dugc tinh toan dya
vao dién tich dinh AA so véi duong chuan da dugc
xdy dung. Hé sé twong quan (r2) cua dudng chuin
trong nghién clru nay la > 0,98.
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2.5 Phan tich dir liéu

Su phan huy dong hoc cia AA hau hét tuan
theo m6 hinh dong hoc bac 1 (Viberg et al., 1997,
Van den Broeck et al., 1998; Karhan et al., 2004;
Ozkan et al., 2004). Du6i diéu kién déng nhiét, tbc
d6 hang s phan huy & ¢ thé duogc tinh toan dua
trén phuong trinh 1.

C, = C,exp (-kt) (1)
Trong d6 C; 1a ham lugng con lai cia AA &
thoi gian xt Iy t (mM); C, 1a ham lugng AA
ban dau (mM); k 1a hang s tbc d6 phan hiy
va t 1a thoi gian xur 1y (pht).

Khi cé sy hién dién ctia oxy, AA cé thé phan
hay theo hai con duong hiéu khi va yém khi ma
mdi con duong phin tmg tuan theo mo hinh dong
hoc béac 1. Do d6, phuong trinh 1 co thé duoc stra
d6i thanh phuong trinh 2.

Ci=Cyexp (kg t) + Cap exp (<kan t) 2)

Trong d6 C, 1a ty 1& phan huy hiéu khi (% hodc
mM); C,, 14 ty 1& phan hity yém khi (% hodc mM);
k, 1a hang s6 toc d phan hiy hiéu khi va k,, 1a
hing s6 toc do phan huy yém khi. Céac théng sb
dong hoc nay co thé duge ude tinh bing phwong
phap phan tich hdi quy phi tuyén tinh. Sy phu
thudc nhiét d ciia hing sb tbc do phan hity k duoc
udc tinh 1a nang lwong hoat hoa (E,) tr phuong
trinh Arrhenius (phwong trinh 3).

E (1 1
“————1 ®
R\T, T

3 KET QUA VA THAO LUAN
31 énh hudéng cia qua trinh xir ly nhiét
dén d§ bén ciia AA
3.1.1 A?n‘h hwong cua ty I¢ phan tir giita oxy va
AA den do bén cua AA

In(k) = In(k,, ) +

Anh huéng cua ty 1& phan tir giita oxy va AA
dén do6 bén cua vitamin trong dung dich dém
acetate (0,2 M, pH 5,0) va phosphate (0,1 M, pH
7,0) trong qua trinh xr 1y nhiét dugc nghién curu.
Ham luong ban dau ctia oxy hoa tan trong cac mau
la 0,25 mM va ham lugng cia AA 1a 50 pg/ml
(= 0,28 mM), 100 pg/ml (= 0,57 mM), 250 pg/ml

23

Phan B: Néng nghiép, Thity san va Cong nghé Sinh hoc: 37 (2015)(2): 21-29

(= 1,42 mM) va 500 pg/ml (= 2,84 mM). Su suy
giam ham lugng AA (thé hién nhu 12 ham s6 cua
thoi gian ¢ nhiét o cd dinh) xay ra theo hai giai
doan, dugc minh hoa & Hinh 1 cho qué trinh xt 1y
nhiét & 80°C. Vai ham lugng AA khoang 0,28 mM
va ham lugng oxy 0,25 mM, hau hét sy phan huy
AA xay ra ¢ diéu kién hiéu khi, AA sit dung hoan
toan ham lugng oxy ban dau (0,25 mM). O ty 1&
ham luong AA va oxy cao hon (khoang 1,42:0,25
mM/mM va 2.84:0.25 mM/mM), AA tiép tuc phan
hay théng qua con dwdng yém khi. Cac két qua
tuong tu dat dugc dbi véi cac gia tri nhi¢t 46 xu ly
va pH khac nhau (dir liéu khong dwa ra day du ¢
day).
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Hinh 1: Ham lwgng AA con lai theo thdi gian xir ly
¢ 80°C voi cac ham lwong AA ban dau khac nhau
0,28 mM (*); 0,57 mM (o0); 1,42 mM (O); 2,84 mM

(A) trong dung dich dém phosphate (0,1 M, pH
7,0) véi ham luwgng oxy ban diu 0,25 mM

Do bén nhiét cua AA trong diéu kién xu ly
nhiét tir 80 dén 100°C ciing duoc khao sat. Két qua
khao sat cho thay khi ting nhiét do xu 1y thi tc do
phan hily AA ciing ting (Hinh 2). Bé wdc tinh cac
thong s6 dong hoc, md hinh 2 giai doan (phwong
trinh 2) duoc sir dung. Sy twong quan gitra cac gia
tri AA du doan theo mo hinh va gia tri thuc nghiém
duogc tim thay (Hinh 3). Két qua phan tich va udc
tinh dugc thé hién ¢ Bang 1 cho thiy hing s tbc
do phan ung tang khi nhiét d¢ tang (trén 80°C).
Tuy nhién, nhiét d¢ xtr Iy khac nhau khong anh
huong dén ty 16 AA phan huy ¢ diéu kién hiéu
khi (C, — tinh bing mM) va yém khi (Ca, - tinh
bang mM).
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Hinh 2: Ham luwgng AA con lai theo thoi gian xir
1y nhiét & cac nhiét dg khac nhau 80°C (*), 90°C
(0) va 100°C () (ham lwgng AA = 0,57 mM
trong dung dich dém phosphate (0,1 M, pH 7,0)
v6i ham lwong oxy ban dau khoing 0,25 mM
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Hinh 3: Twong quan giira cac gia tri AA tir thue
nghiém va gia tri wéc tinh tir m6é hinh (ham
lwgng AA = 0,57 mM) phan hiy trong dung

dich dém phosphate buffer (0,1 M, pH 7,0) & cac
nhiét d9 khac nhau (80 dén 100°C) sir dung

phuong trinh 2
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Khi ham lugng oxy duogc sir dung hét cho phan
{mg, su phan hiy AA trong didu kién yém khi xay
ra va sy phén hiy nay cham hon so v6i phén huy
AA trong diéu kién hiéu khi. Mot vai gia tri sai sO
chuin cua thong sb dong hoc (trong diéu kién yém
khi) duoc wdc tinh twong d6i 16n 1a do sé lugng cac
di liéu thuc nghiém thu dugc con it trong ca hai
giai doan hiéu khi va yém khi. Dé c6 thé dat duoc
d6 chinh x4c cao hon cho viéc udc tinh cac thong
) dong hoc, céac thi nghiém nén dugc thuc hién
trong khoang thoi gian dai hon.

Vi ty 1€ ham lugng AA va oxy cao hon (ham
lugng AA 1a 250 pg/mL ~ 1,42 mM hodc 500
pg/mL ~ 2,84 mM va oxy 0,25 mM), mot phin cia
su phan hay hiéu khi & giai doan dau (ciia nghién
ctru dong hoc) it 16 rang hon so v&i phan huy yém
khi. Két qua cho thiy su phan hily cia AA xay ra
chu yéu thong qua con duong yém khi. Két qua
nghién ctru nay phu hop vdi cac nghién cuu cua
Nagy (1980), Robertson va Samaniego (1986),
Roig et al. (1995). Mot két qua nghién ciru twong
tu cling dugc bao cao boi Wilson ez al. (1995). Cac
két qua nay 1am rd 1y do vi sao mot sb tac gia da
bao cao dong hoc phan hiy cua AA tuan theo md
hinh dong hoc béac 1 (Van den Broeck et al., 1998;
Vieira et al., 2001; Rojas va Gerschenson, 2001;
Giannakourou va Taoukis, 2003; Blasco et al.,
2004), trong khi nhitng tac gia khac dd mo ta su
phan hity ciia AA theo m6 hinh hai giai doan hiéu
khi va yém khi (Roig ef al., 1995; Wilson et al.,
1995). Hon nita, Manso et al. (2001) da ap dung
mé hinh Weibull dé mé ta dong hoc phan hiy AA.
Theo Gregory (1996) va Gibbons et al. (2001), AA
c6 thé chuyén thanh DHAA (Dehydroascorbic
acid) khi c6 sy hién dién ctia oxygen. Phan tng nay
c6 thé dao ngugc boi tac nhan khir manh nhu
dithiothreitol (DTT). Tiép theo DHAA phéan huy
thong qua qua trinh thuy phéan tao thanh acid 2,3-
diketogulonic.

Biang 1: Anh hwéng cia nhiét d dén d9 bén AA (100 pg/ml = 0,57 mM) trong dung dich dém

phosphate (0,1 M, pH 7,0%)

T (°C) ka (phit™) kan (x10-3phut™) Ca (%) Ca(mM)® Can (%)  Can (mM)
80 0,2040,08¢ 3,6943,87 36,29+7,23 0,25+0,05  64,17+7.38  0,450,05
90 0,4140,11 12,90+4,22 47,5345,97 0,3140,04  52,89+526  0,34+0,03
100 0,45+0,12 24204549 50,33+6,18 0,35+0,04  51,34+5,58  0,36+0,04
E. (k)/ 44,4+18,8¢ 103,2+18,0

mol) 2=0,85 =097 / / / /

Ghi chi: “Ham luong oxy ban dau ~0, 25 mM, bHam lwong duoc tinh todn theo phan tir gam cua A4 la 176.13 Da, “Sai
$6 chudn tiém cdn ciia hdi quy phi tuyén tinh, “Sai sé chudn ciia héi quy tuyén tinh
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Trong diéu kién yém khi, AA phan hiy thong
qua mot ) giai doan dé tao thanh furfural thay vi
DHAA (Smoot va Nagy, 1980; Robertson va
Samaniego, 1986). Yuan va Chen (1998) bao cao
rang khong c6 DHAA duoc hinh thanh dang ké
trong diéu kién yém khi nhung AA phan hiy do su
phan cit vong va nhan phan tir nuée, sau d6 phan
g khir carboxyl va sap xép giita cac phan tir, cudi
cung khur nudc dé tao thanh furfural. Khi co su
hién dién cia oxygen, AA bi oxy hoa dé tao thanh
DHAA va mdt phan tr AA st dung mot phan tu
oxygen (phuong trinh 4).

AA + 0, > DHAA + H,0, “4)

Ottaway (2002) va Oey et al. (2006) phat hién
ra rang ham lugng AA phan huy hiéu khi khoang 2
lan so v&i nong d6 phan tir oxy ban dau. Nhimng dit
liéu nay cho thay su phan hiy cta H,O; thanh H,O
va O,.

Két qua trong nghién ciru cho cic gia tri udc
tinh C, trong khoang 0,3 mM, gin v&i ndng do oxy
ban dau la 0,25 mM. Su phu thudc nhiét d6 cta
hing sb téc do phan hay AA trong khoang nhiét do
nghién ciru c6 thé duoc mé ta boi cac phuong trinh
Arrhenius (phuong trinh 3). So sanh cac gia tri £,
su nhay cam nhiét do cua cac gia tri k cho qua trinh
phan hity AA trong diéu kién hiéu khi thdp hon so
v6i trong diéu kién yém khi (Bang 1).

3.1.2  Anh huong cia pH

Két qua nghién ctru cho thdy pH c6 thé anh
hudng dén d6 bén nhiét ctia AA. Moser va Bendich
(1990) cho rang d6 bén nhiét téi da cia AA thé
hién ¢ gia tri pH tir 4 dén 6. Sy ton thit AA phu
thudc vao cuong dd gia nhiét va cling la hé qua cua
dién tich bé mat tiép xUc voi nuéc, oxy, pH va sy
hién dién cua kim loai (Naidu, 2003). Nhu da thao
luan (voi ty 1€ néng do AA va oxy = 0,57:0,25
mM), su phan hity nhiét cia AA xay ra chu yéu
trong didu kién hiéu khi do qua trinh oxy hoa. AA
phan hay hiéu khi & pH 7,0 nhanh hon ¢ pH 5,0.
Tuy nhién, vdi ty 1€ AA oxy cao hon (= [1,42:0,25]
va [2,84:0,25]), su phan huy cua AA xay ra chu
yéu trong diéu kién yém khi. Trong trudng hop
nay, su phan hiy AA cham lai ¢ cac gia tri pH cao
hon (Hinh 4). Két qua nghién ctru ciia Coker ef al.
(1993) cho rfing khi ting pH tir 0,5 dén 11 s& giam
sw phan huy yém khi ciia AA, trong khi phan huy
hiéu khi tdi da ciia AA lai dugc tim thdy ¢ gid tri
pH cao hon. Tur quan diém nhi¢t dong hoc, qua
trinh oxy hoa c6 chiéu hudng xay ra trong moi
treong kiém do su giam ning luc oxy hoa khir acid
ascorbic (Manuel de Villena et al., 1989).
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Hinh 4: Anh hwéng ciia thoi gian xir y dén ty 18
ham hrgng AA (AA ban diu C, = 0,57 mM)
[trong dung dich dém acetate (0,2 M, pH 5,0) (*)
va phosphate (0,1 M, pH 7,0) (0)] & 80°C (ham
lwgng oxy ban dau la 0,25 mM), C 1a ham hrong
AA ¢ thoi gian t (phut)

Qua trinh oxy hoéa lai bi 1c ché trong moi
truong acid va ¢ nhiét do thap. So sanh cac gia tri
E, dugc udc tinh, d nhay véi nhiét d§ cua cac gia
tri k & pH 7 thip hon & pH 5,0 (Bang 2). Co ché
phan hiy yém khi AA ciing chua dugc hiéu day
du. Nhiéu tac gia cho ring AA co thé bi phan huiy
yém khi do tach truc tiép ctia cau ndi 1,4-lacton. Sy
mé vong lacton ¢ chiéu hudng xay ra & pH thép
(pH tur 3 dén 4) (Gregory, 1996). C6 thé quan sat
thiy rang su phan huy AA phu thudc vao nong do
oxy va pH. Két qua tuong ty vé anh hudng cua pH
dén su phan huy yeém khi cling duoc tim thiy trong
mot sb tai ligu ly thuyet Van den Broeck et al.
(1998) da bao cao rang phan hity yém khi ciia AA
thuong cham tién trién & pH cao hon (dwa trén gia
tri D dugc xac dinh & 140°C).

Rojas va Gerschenson (2001) d& cép dén su
phan huy toi uu cia AA 6 pH thip hon 5,5 (d6i véi
sy phan hily yém khi ctia AA trong hé thong dung
dich). Vieira et al. (2000) bao cdo rang cau ndi
lacton ctia DHAA rat d& bi thity phan, tham chi ¢
pH thip va Ottaway (2002) chi ra rang toc d6 phan
hiy AA trong dung dich nuéc phu thudc vao pH
v6i toe do toi da ¢ pH khoang 4.

Theo Yuan va Chen (1998), AA phan huy trong
diéu kién acid thuong xay ra theo hai con dudng
phan tng. Dudi diéu kién hiéu khi co xac tac ion-
hydro, AA dugc chuyén thanh acid 2-furoic va 3-
hydroxy-2-pyrone thong qua DHAA va trong diéu
kién yém khi, AA lai tiép tuc bi phan hiy tao thanh
furfural. Tuy nhién, cac gia tri pH cao khong co loi
cho su hinh thanh cuia furfural, acid 2-furoic va 3-
hydroxy-2-pyrone, nhung gia tri pH cao c6 thé thuc
day viéc tao thanh mot hop chét khong rd.
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Bang 2: Anh hwéng ciia pH dén dd bén ciia AA (~1,42 mM) trong dung dich dém acetate (0,2 M, pH

5,0%) va phosphate (0,1 M, pH 7,0%)

T (°C) ka (min)* Ca (%) Cy (mM)° Can (%) Can (mM)
Acetate buffer (0.2 M, pH 5.0)
80 0,03+0,02 4,68+8,92 0,08+0,15°¢ 95,25+8,69 1,55+0,14
90 0,09+0,03 14,08+3,72 0,20£0,05 86,58+3,88 1,24+0,06
100 0,44+0,17 23,95+3,47 0,38+0,05 76,05+2,26 1,1940,04
E. 155,27+11,75¢ / / / /
(kJ/mol) r>=0,99
Phosphate buffer (0,1 M, pH 7,0)
80 0,08+0,02 23,79+3,04 0,42+0,05 77,08+3,12 1,36+0,06
90 0,25+0,21 16,01£6,50 0,25+0,10 85,81+5,89 1,32+0,09
100 0,38+0,09 17,58+1,87 0,30+0,03 82,29+1,74 1,39+0,03
E, 87,38+22,20 / / / /
(kJ/mol) rr=0,94

Ghi chi: “Ham luong oxy ban ddu ~0.25 mM, bT, inh toan theo phan tir gam ciia A4 la 176,13 Da, “Sai 56 chudn tiém
cdn cia hoi quy phi tuyen tinh, Sai 50 chuan ciia hoi quy tuyeén tinh, *kan khong thé dwogc wéc tinh day di do dir liéu

han ché
3.2 Anh hwéng ciia 4p suét dén d bén ciia AA

3.2.1 Anh huong ciia ty I¢ phdn ti giita oxy va
AA dén do bén cua AA

Anh huéng cua ndng d6 AA (trong khoang 50
mg/ml ~ 0,28 mM dén 500 mg / ml = 2,84 mM)
dén d6 bén 4p ciia AA (15 phut) di dugc nghién
clru & 40 va 70°C két hop véi ap suét khac nhau tir
100 t61 600 MPa cung véi sy hién dién cua 0,25
mM ndng do oxy ban dau. Két qua thu dwoc & tat
ca cac xu 1y két hop ap suat va nhiét do cho thay
ndng do trung binh ctia AA trong khoang 0,40 mM
trong mau da bi phan hiy ¢ ap suit twong ddi thap
(100 MPa) sau 15 phut xir Iy. Cé thé thay & Hinh 5,
khoang 100 mg/ml (= 0,57 mM) cia AA trong mau
(ndng d6 oxy ban dau ~ 0,25 mM) bi phan hiy &
200 MPa trong 15 phut xir Iy. Diéu nay c6 thé 1a do
su phan huy hiéu khi AA ban diu xay ra trong thoi
gian gia ap. Két qua twong tu ciing dugc thu nhan
(Oey et al., 2006).

Két qua nghién ctru cho thdy ham luong AA
phan huy trong diéu kién hiéu khi khoang 1,5 dén
1,6 1an ham luong oxy ban dau. O muc do ap suét
cao hon (trén 100 MPa), khong thdy su phan hiy
AA tiép theo sau 15 phit xur Iy. C6 thé két luan
rang su bén 4p cua AA ciing phu thudc vao ty 1&
phan tir giita oxy va AA. O ap sudt khong doi, khi
tang nhiét do tir 40 dén 70°C thi sy phan huy AA
cling tang 1én mot it (Hinh 6). Nhu vay, viéc loai
b6 oxy c6 thé 6n dinh AA trong qua trinh ché bién.
Phat hién nay cling phu hop vdi cac nghién ctiu
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trudc day cho thy kha nang han ché sy suy giam
ham luong AA trong san phim thyc pham bang
cach loai khi, nhu hoat dong bai khi trong cong
nghé dong hop hodc dong goi chan khong (Roig va
ctv, 1995; Ottaway, 2002).
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Hinh 5: Anh hwéng ciia ap suit dén ham leong
AA con lai sau 15 phiit xir ly (v6i cac ham lwgng
AA ban dau khac nhau) (trong dung dich dém
phosphate (0,1 M, pH 7,0) ¢ 70°C, ham luwgng
oxygen ~ 0,25 mM). Cic sai s6 thé hién trén cot
12 d léch chuén ciia gia tri trung binh

Dé nghién ciru dong hoc phan hity AA theo ap
suat, xtr 1y két hop ap suét - nhiét do véi thoi gian
dai hon (dén 100 phat) da dugce thuc hién. Sy oxy
héa AA tang trong thoi gian gia ap va sau 2 phuit
dé dat can bang (khoang 0,4 mM AA bi ton that).
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Hinh 6: Anh hwéng ciia ap suit dén ham lwong
AA con lai sau 15 phit xi ly (6 cac nhiét d§ xir
ly khic nhau) (AA = 2.84 mM) trong dung dich
dém acetate (0,2 M, pH 5,0) va ham lugng oxy
ban dau 0,25 mM. CAc sai s6 thé hi¢n trén hinh
¢ot 12 d9 1éch chuin ciia gia tri trung binh

Khi oxy dugc tiéu thy hoan toan va thoi gian xur
1y ap suét kéo dai hon thi ciing khéng anh huéng
hoic it anh huong dén sy phan hily AA. Trong moi
truong hop, AA di rat 6n dinh trong diéu kién dang
nhiét - dang 4p (dén 700 MPa va 70°C), khong c6
suy giam hon nita cia AA dugc quan sat trong
khoang 100 phut xtr 1y 4p suét. Tuy nhién, khi ting
nhiét d6 1én dén 80°C & 750 MPa, sy phan huy tiép
tuc cia AA duoc tim thdy (Hinh 7).
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Hinh 7: Anh huéng ciia thoi gian xir Iy dén ham
lwong AA con lai [AA = 0,57 mM trong dung
dich dém phosphate (0,1 M, pH 7,0) - ham
lwong oxy 0,25 mM ]. Sai s6 trén hinh cot 1a do
1éch chuin ciia gi4 tri trung binh
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Theo két qua nghién ctru cia Van den Broeck
et al. (1998), AA khong 6n dinh & didu kién két
hop nhiét d6 va ap suét cuc cao (850 MPa va nhiét
do tir 60 - 80°C) va hang s tbc d6 phan huy cia
AA & 850 MPa ting khi nhiét do ting tir 65 dén
80°C.

3.2.2  Anh hwong ciia pH

Két qua khao sat cho thy pH dudng nhu khong
anh huong c6 ¥ nghia dén do bén cua AA khi xu ly
ap suat cao (Hinh 8).
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Hinh 8: Anh hwéng ciia ap suét (xir Iy trong 15
phiit 70°C) dén ham lwong AA [AA ban diu =
1,42 mM va ham lwong oxy ban dau]. Sai s &
hinh ¢ot 13 d9 1éch chuén ciia gia tri trung binh

Su phan huy cua AA trong dung dich dém
acetate (0,2 M, pH 5,0) va phosphate (0,1 M, pH
7,0) & 70°C két hop voi cac mirc do ap suét xu 1y
khac nhau hau nhu giéng nhau. C6 1& do pH cua
dém phosphate khong 6n dinh dudi diéu kién ap
sut cao, pH ¢6 thé giam 0,3 don vi cho mdi mirc
do ap suét gia taing 100 MPa (Neuman et al., 1973;
Kitamura va Itoh, 1987; Hayert et al., 1999).

4 KET LUAN

Ham lugng oxy hoa tan c6 anh huong quan
trong dén su 6n dinh AA. Do d6, ndng d¢ oxy gidam
1a can thiét dé bao vé AA trong qua trinh ché bién.
Su phén hiy AA trong dung dich trong qua trinh
xtr 1y nhiét tuan theo moé hinh hai giai doan va cé
thé dugc su dung dé mo ta cac thong ) dong hoc
ctia qua trinh xtr 1y nhiét. Cé thé thiy 13 sy ting
nhiét d§ s€ lam tang sy phan huy ciia AA. O tat ca
cac diéu kién xir Iy nhiét, pH c6 anh huéng khac
nhau d6i v6i su phan hity hiéu khi va yém khi cua
AA.
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Trong hé théng mau, AA bi phan huy trong
hé théng moé hinh xir 1y 4p suit cao (Ién t&i 600
MPa va 70°C) trong thoi gian ngén (15 phut). Hau
hét sy phan huy AA xdy ra trong qua trinh gia p.
Anh huéng cua pH dén su bén 4p cia AA ciing
khong rd rang, co thé do sy bt 6n dinh pH cua
dung dich dém.

Khi két hop 4p suat - nhiét do véi thoi gian xir
ly dai (1én dén 100 phat), AA ciing khong hoic
phan hay thém rét it (4p suit va nhiét do 1én dén
700 MPa va 70°C, tuwong tng) sau khi gia ap. Tuy
nhién, AA phan huy ¢ nhiét do trén 70°C Kkét hop
Vi ap suit cao hon 700 MPa. Két qua nghién ctru
phu hop véi két qua duge dé cap trong céc tai lidu
tham khao.
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