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TOMTAT

La voi (Cleistocalyx operculatus) phan b6 rong rdi tai Viét Nam va duoc biét dén la ngudn giau cdc hgp chat sinh hoc quan trong, bao gom axit phenolic, flavonoid,
cling mot s0 vitamin va khoang chdt c6 hoat tinh chdng oxy hda manh. Nho kha nang trung hoa cac goc tu do, nhiing hop chét nay gop phan bao vé t€ bao, giam
nquy ca ldo héa, viém nhiém va cac bénh Iy tim mach. Nhiéu nghién ctiu ciing ghi nhan rang cao chiét 4 véi ¢6 tiém nang trong kiém soat dutng huyét, khang khuan
va hé trg tiéu hda, qua d6 mra trién vong (ing dung trong san xudt thuc pham chiic nang va duoc pham. Trong nghién cttu nay, cc yéu t6 anh hudng dén qua trinh
chiét xudt hgp chat sinh hoc tira voi, bao gom thai gian, pH, nhiét do va hoat d6 enzyme da dugc khao sat. Két qua cho thay cao chiét thu dugr tir qua trinh x( Iy béng
enzyme ¢ ham lugng phenolic tong 56 (TPC) va hoat tinh chdng oxy hda cao hon déng ké so véi mau ddi ching st dung enzyme bat hoat. Diéu kién chiét xuat thich
hop duoc xéc dinh [a 45°C, pH 5,5, tj 1é ran/léng 1:20, thdi gian 24 gid, ciing vi hoat d0 cellulase va pectinase & mic 150 U/gds/E. O diéu kién nay, téng ham lugng
TPCva kha ndng chdng oxy hoa dat gid tri cao nhat, lan lugt Ia 25,94mg GAE/gds va 57,89%. Nhiing két qué nay khang dinh rang phuang phap chiét xudt cé h trg
enzyme thiy phéan la mot tiép can hiéu qua dé thu nhan cac hgp chét sinh hoc tir Ia véi. Ky thuat nay khong chi ci thién hiéu sudt chiét xudt ma con gop phan bao
toan cac hoat chét ¢d gia tri, tir d6 tang cuding tiém nang ting dung trong cong nghiép thuic phdm, dugc phdm va san xuat san pham chic nang.

Tirkhéa: Hap chdt phenolic, hoat tinh chdng oxi hda, Id vdi, dleistocalyx operculatus, enzymes thiy phdn.

ABSTRACT

(leistocalyx operculatus is widely distributed in Vietnam and is rich in important bioactive compounds such as phenolic acids, flavonoids, and various essential
vitamins and minerals, all of which possess strong antioxidant activities. These compounds help neutralize free radicals, protect cells, and prevent aging,
inflammation, and cardiovascular diseases. Previous studies have shown that C. operculatus leaf extract possesses hypoglycemic, antibacterial, and digestive-
improving properties. Due to these health-promoting effects, C. operculatus leaf hold great potential for application in the development of functional foods and
pharmaceuticals. In this study, the factors affecting the extraction of bioactive compounds from Coperculatus leaves, including time, pH, temperature, and enzyme
activity, were investigated. The results showed that the dry extract obtained by enzyme treatment had significantly higher phenolic content (TPC) and antioxidant
activity than the control samples (inactivated enzyme). The optimal extraction conditions were determined to be 45°C, pH 5.5, solid/liquid ratio of 1:20, for 24 hours,
cellulase and pectinase activities (150 U/gds/E). Under these conditions, the total TPC content and antioxidant capacity reached the highest values, 25.94mg GAE/gds
and 57.89%, respectively. This study confirmed that the extraction method assisted by hydrolytic enzymes is an effective approach to recover biological compounds
from C operculatus leaves. This technique not only improves extraction efficiency but also helps preserve valuable active ingredients, opening up potential
applications in the food, pharmaceutical and functional product industries.

Keywords: Phenolic compounds, antioxidant activity, cleistocalyx operculatus, hydrolyzing enzymes.
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1. GIGI THIEU

Axit phenolic la mét nhém polyphenol ddc trung béi
cdu trdc vong tham gan nhém hydroxyl va carboxyl,
phan b phé bién trong thuc vat. Téng ham lugng hop
chét phenolic (TPC) dai dién cho toan bo lugng phenolic
trong mau sinh hoc, bao gobm axit phenolic, flavonoid,
tannin, lignin va cac hgp chat lién quan. Cac polyphenol
nay c6 ngudn goc chi yéu ti thyc vat va dugc tim thay
nhiéu trong trai cay, rau cu, ngii c6c nguyén hat, tra, ca
phé va mét sé loai d6 uéng 1én men. Nhg déc tinh chong
oxy héa manh va kha nang chéng viém, polyphenol
dugc xem la nhom hgp chat sinh hoc quan trong trong
phong nglia va hoé trg diéu tri cac bénh ly man tinh nhu
bénh tim mach, ti€u dudng, réi loan chuyén hoéa va ung
thu [1]. L& v6i la dugc liéu quen thudc trong y hoc ¢é
truyén Viét Nam, va cac nghién ctu hién dai da khang
dinh rang la voi chia nhiéu hgp chat co hoat tinh sinh
hoc, dac biét la cac polyphenol nhu flavonoid, tannin va
axit phenolic. Nhg dac tinh chéng oxy hoa va chéng
viém, cac hgp chat nay gép phan giai thich co ché tac
dung sinh hoc cta 14 v6i trong hé trg tiéu héa, diéu hoa
duong huyét va phong ngtia cac bénh lién quan dén
stress oxy hoa. Nhiéu nghién cliu cho thdy cac
polyphenol trong la véi cé kha nang trung hoa géc tu
do, tc ché qua trinh viém va cai thién chic nang tim
mach [2]. Tuong tu, ham lugng polyphenol dang ké
cling dugc ghinhan trong 14 ctia cay Syzygium nervosum,
mot loai khac thudc ho Myrtaceae, phan boé tai nhiéu
vung nhiét dai [3]. Nhitng bang chiing nay cho thay tiém
nang Ung dung Ién cla céac loai cay ban dia trong phat
trién san pham thuc pham chic nang va dugc phdm cé
nguén goc tu nhién.

Viét Nam dugc ghi nhan la moét trong nhiing quéc gia
c6 muc d6 da dang sinh hoc cao trén thé gidi, véi hé sinh
giGi phong phu bao gém hang chuc nghin loai sinh vat,
trong d6 c6 khodng 12.000 loai thuc vat bac cao va hon
2.200 loai nam da dugc théng ké [4]. Nhiéu loai nam trong
sO nay c6 kha nang tiét ra cac enzyme ngoai bao mang
hoat tinh thly phan manh nhu cellulase, pectinase va
mot s6 enzyme phan gidi polysaccharide khac. Cac
enzyme nay déng vai trd quan trong trong qua trinh phan
giai lignocellulose ,thanh phan cdu tric chu yéu cua
thanh té bao thuc vat, qua do giai phéng cac hop chat
hitu co cé hoat tinh sinh hoc, gép phan mé rong kha nang
ung dung trong cac linh vyc y dugc, cong nghé sinh hoc
va xt ly sinh khoi. Trong qua trinh chiét xuat hgp chat sinh
hoc tu 14 véi, dac biét 1a tdng ham luong hgp chat
phenolic, cdc enzyme thdy phan nhu cellulase va
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pectinase dugc st dung nham phan gidi cac
polysaccharide cdu tric cta thanh té bao thuc vat
(cellulose, hemicellulose va pectin). Sy phan gidi nay giup
pha v& cau trdc vach té bao, tur do gidi phong hiéu qua
cac hgp chat phenolic bi lién két hoac bi gilt trong mang
luéi lignocellulose. Cellulase xuc tac su phan gidi cellulose
thanh cac dudng don va oligosaccharide, tu dé pha vé
cdu trac lignocellulose va tao diéu kién thuan Igi cho viéc
gidi phéng cac hop chat phenolic [5]. Trong khi do,
pectinase phan giadi pectin, thanh phan chinh cta Iép
trung gian vach té€ bao, dac biét phd bién trong mé thuc
vat mém. Hoat dong clia pectinase lam mém va pha vg
tinh toan ven ctia mo, hé trg dang ké qua trinh tach chiét
cac hop chat phenolic. Trong nghién ctu nay, viéc két
hop cellulase va pectinase nham t8i uu qua trinh thu hoi
cac hgp chat phenolic c6 hoat tinh sinh hoc tur la véi. Su
phoi hgp gilra hai enzyme khong chi céi thién hiéu suat
chiét xuat va nang cao ham lugng cac hgp chat c6 hoat
tinh chéng oxy héa ma con giup giam su phu thudc vao
cac phuaong phap xtr ly héa hoc manh, qua d6 mang lai
quy trinh than thién véi moéi trudng va an toan hon cho
suc khoe.

2. VAT LIEU VA PHUONG PHAP

2.1.Vatliéu

La voi (Cleistocalyx operculatus (Roxb.) Merr. & Perry)
dugc thu mua tai chg Minh Khai, phudng Tay Tuu, Ha Noi.
Mau nghién ctru dugc chon la 1a voi banh té tir cay truéng
thanh, khéng qua non ciing khéng qua gia, c6 mau xanh
dam, bé mat nguyén ven, khong bi sau bénh hay dap nat.
Ngay sau khi thu mua, 14 dugc loai bo canh va cuéng, rita
sach nhiéu lan bang nudc may va trang lai bang nudc cat
nham loai bd bui ban, tap chat va vi sinh vat bam trén bé
mat. Mau 1a sau dé dugc dé rdo & nhiét dé phong trong
khoang 1 gid trudc khi tién hanh sdy. Qua trinh say dugc
thuc hién bang tu say déi luu 6 60 + 2°C cho dén khi mau
dat khéi lugng khéng déi (khoang 48 gid). Mau say kho
dugc nghién bang may nghién inox va rdy qua sang
0,5mm dé thu dugc bot déng nhat.

Bot 14 voi sau khi nghién dugc dong géi trong tai PE
huat chan khéng. Mau dugc luu trir tai phong thi nghiém
Vién Cong nghé - HaUl, Pai hoc Cong nghiép Ha Noi,
trong diéu kién kho thoang, tranh 4m va han ché tiép xuc
vGi anh sang truc tiép. Hai enzyme dugc st dung trong
nghién ctru gom cellulase (hoat dé riéng 10.000U/g) va
pectinase (5.000U/g) do hang Novozymes (BPan Mach)
cung cap. Ca hai enzyme déu c6é khoang nhiét d6 hoat
dong téi uu 40 - 45°C va pH t6i uu 5,5.
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2.2. Xac dinh diéu kién thich hop tach chiét TPC bang
enzyme thiy phan

Mau bét 14 véi (5,09 cho méi thi nghiém) dugc hoa
trong dung dich dém 3-(N-morpholino) propanesulfonic
acid (MOPS) 100mM, pH 5,0, véi ty |é ran/ldng 1:20 (w/v).
HOn hgp sau d6 dugc xt ly bang séng siéu am & 50°C
trong 30 phut nham pha v& cdu tric té bao va tang kha
nang ti€p can co chat cia enzyme. Tiép theo, mau dugc
véi cellulase va pectinase & hoat d6 50 U/gds/E (don vi
enzyme trén mdi gam chat kho cho moi loai enzyme),
trong diéu kién nhiét d6 40°C va pH 5,0. Cdc mau phan
iing dugc thu thap tai cac thai diém 6, 12, 18, 24, 36 va 48
gid dé theo d6i qua trinh thdy phan thong qua phan tich
ham lugng phenolic téng sé (TPC).

Dé& danh gia anh hudng cla cac diéu kién phan ng
dén ham lugng TPC, nghién ctiu tién hanh khao sat tiing
yéu t8 theo nguyén tdc mot yéu té thay déi trong khi cac
yéu t6 khac dugc gilr c6 dinh dua trén cac théng s6 t6i uu
thu dugc tir thi nghiém trudc d6. Anh hudng cdia nhiét do
dugc khao sat tai cac murc 30, 35, 40, 45 va 50°C, trong
diéu kién c6 dinh pH 5,0, hoat d6 enzyme cla ca hai
enzyme 50 U/gds/E, ty 1& ran/ldng 1:20 va thai gian 0 da
dugc xac dinh tir thi nghiém t6i uu héa. Anh huéng cla
pH dugc khao sat tai cac gia tri 4,0; 5,0; 5,5; 6,0; 6,5 va 7,0,
trong diéu kién c6 dinh nhiét d6 va thoi gian G da xac dinh
trudc, cing hoat do enzyme 50U/gds/E va ty lé ran/long
1:20. Tiép theo, anh hudng clia hoat d6 hon hgp enzyme
dugc danh gia tai cdc muc 50, 100, 150, 200 va 250U/gds,
trong khi cac thong sé nhiét do, thoi gian va pH dugc gilt
c6 dinh theo diéu kién da t6i uu trudc do, vaéi ty lé
ran/léng khdng thay d6i. Mau déi chiing sirdung enzyme
da dugc bat hoat & 95°C trong 30 phut .Sau khi phan tng
két thuc, hén hop duoc loc qua gidy loc Whatman sé 41,
tiép do ly tam & 10.000 vong/phat trong 30 phut. Dich
chiét thu dugc dugc st dung dé phan tich ham lugng TPC
va hoat tinh ch6ng oxy h6a nham danh gia hiéu qua qua
trinh chiét xuat.

2.3. Xac dinh t6ng ham lugng TPC

T6éng ham lugng hgp chat phenolic trong cac mau
dugc xac dinh bang phuong phap Folin-Ciocalteu [6]. Mét
miligam cao chiét khé dugc hoa tan trong Tml dimethyl
sulfoxide (DMSO). T dung dich nay, 0,5ml dugc trén véi
2,5ml thudc thi Folin-Ciocalteu (10%). Sau 10 phut, thém
2,5ml dung dich natri cacbonat 7,5% vao hén hgp va
khudy déu trong 10 phut. Hon hgp phan tng dugc G
trong béng t6i & 45°C trong 45 phut. Sau khi 0, d6 hap thu
dugc do tai budc séng 760nm bang may quang phé UV-
Vis. Axit gallic dugc pha & cac nong d6 1,25; 2,5; 5; 10; 15
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va 20ug/ml trong ethanol tinh khiét dé xay dung dudng
chudn. Ham lugng phenolic téng s6 dugc biéu thi dudi
dang miligam axit gallic tuong duong trén méi gam cao
chiét khé (mg GAE/g) [7].
2.4. Xac dinh hoat tinh chéng oxi héa

Kha nang kh(r g6c tu do 2,2-diphenyl-1-picrylhydrazyl
(DPPH) ctia mau dugc danh gia theo phuong phép cta
Brand-Williams va cdng su [8]. Mau cao chiét kho duoc
hoa tan trong DMSO & n6ng d6 100%. Dung dich DPPH
dugc chudn bi trong ethanol 96%. D hap thu cla hén
hgp phan ting dugc do tai budc séng 515nm bdang may
quang phd UV-Vis. Kha nang khtr géc tu do (SC, %) cla
mau dugc tinh theo céng thic sau:
Abs(mau thir nghiém)

— Abs (mau tring)

SC (%) =(100 — ——
(%) Abs (mau doi chirng 4m)

X100+ o

Do léch chuan (o) dugc tinh theo céng thuc cla
Duncan nhu sau:

_ @2
7= -1

3. KET QUA VA THAO LUAN
3.1. Anh huéng ciia thai gian chiét dén ham luong TPC
va hoat tinh chéng oxi héa

Két qua trén hinh 1 cho thdy anh hudng cla thoi gian
thay phan dén ham lugng TPC trong dich chiét la véi su
dung hén hgp hai enzyme. Ham lugng TPC tang dan theo
thai gian phan ting, dac biét ré rét & cac mau duoc bé sung
enzyme. O thai diém 6 gid, ham luong phenolic con thap
(< 5mg GAE/gds), cho thay qua trinh thdy phan mai khai
dau va enzyme chua c6 di thoi gian dé tac ddng manh lén
cau trac thanh té bao clia nguyén liéu. Khi thai gian thay
phan dugc kéo dai dén 12 va 18 gi®, ham lugng TPC tang
nhanh (7 - 13mg GAE/gds & cac mau c6 enzyme), phan anh
su pha v& dang ké cau tric polymer cla thanh té€ bao va sy
giai phong phenolic vao dung dich chiét. Tir 24 dén 36 gig,
ham lugng TPC tiép tuc tang va dat gid tri cao nhat (khoang
16 - 17mg GAE/gds), cho thay hoat tinh enzyme 6n dinh va
hiéu qua trong giai doan nay. Day dugc xem la khodng thoi
gian thich hgp cho qua trinh thdy phan nham thu nhan
lugng TPC cao nhat ti 14 véi.

Tuy nhién, sau 36 gid, tdng ham lugng TPC c6 xu
huéng gidm nhe tai thai diém 48 gid, cho thdy phan ting
c6 thé da dat trang thai bao hoa hoac xay ra su phan hay
mot phan cac hgp chat phenolic da dugc giadi phdng khi
kéo dai thai gian thly phan. Hién tugng nay phu hgp véi
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nguyén ly sinh héa vé gigi han hoat tinh xutc tac cta
enzyme ciing nhu su én dinh khéng bén viing cla cac
hgp chat phenolic trong diéu kién chiét kéo dai. Bén canh
do, su khac biét ro rét gilta mau c6 enzyme va mau doi
chiing (enzyme bat hoat) & tat ca cac thai diém khang
dinh tinh uu viét ctia phuong phap chiét hoé trg enzyme.
Dac biét, tai thai diém t6i uu (36 gid), tdng ham lugng TPC
clia mau xur ly enzyme cao hon hon 3 1an so véi mau doi
ching, minh ching cho vai trdé quan trong cia enzyme
trong viéc phé v& cau tric mé thuc vat va thuc day giai
phdng cac hop chat hoat tinh sinh hoc.

Két qua nghién ctru nay phu hgp vai cac bao cao trudc
dé. Cu thé, ham lugng phenolic trong dich chiét budi dat
muc cao nhat (1,4mg/g) khi dugc thiy phan bang
Cellzyme MX, tang 28% so vGi mau doi chiing [9]. Diéu
nay mét lan nira khang dinh rang viéc sir dung enzyme
hé trg ¢ vai trd quan trong trong viéc nang cao hiéu suat
chiét tach cac hop chat phenolic. Tuong tu, Khoi va cong
su ghi nhan ham lugng polyphenol trong vé ci ma thay
tang manh trong 1 - 9 giG dau va dat 89,13mg GAE/g chat
khé (tang 3,3 1an), nhung giam xuéng con 33,38 mg
GAE/g khi thai gian chiét kéo dai dén 24 gio (giam 1,35
lan) [10]. Quyén khi nghién ctdu trén 14 bi dat cling bao
cdo rang ham lugng polyphenol tang nhanh tir 17,16 1én
34,80mg GAE/g khi thai gian chiét tang tir 10 dén 40 phut,
nhung khéng tang dang ké khi kéo dai 1én 50 - 60 phat
[11]. Nhu vay, cac két qua cho thdy ham lugng TPC tiang
dang ké trong 24 gi¢ dau va gan dat dén nguéng cuc dai;
trong khi d¢, giai doan 24 - 36 gi& chi ghi nhan muc tang
nhe va khéng c6 y nghia ré rét vé mat hiéu qua chiét. Do
vay, thaoi gian 24 gid dugc xac dinh la diéu kién thay phan
thich hop dé€ thu nhan ham luong TPC cao nhat.

25 1

20

15 A

10 4

Tong ham lwgng phenolic (mg GAE/gds)

6 12 18 24 36 48
Thoi gian thuy phan (h)

Hinh 1. Anh huéng cda thoi gian chiét dén ham luong TPC: (E1) Hon hop
enzyme cellulase va pectinase (50 U/gds/E) and (L1) Enzyme bét hoat (D6
chiing)
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K&t qua & bang 1 cho thay kha nang bay géc tu do
(SC%) ctia mau dugc thiy phan bang enzyme tang ro rét
theo thai gian so véi mau doi chiing (enzyme bat hoat).
Trong 6 - 12 giG dau, SC chi dat 24 - 26%, phan anh mic
do giai phong phenolic con han ché. Tt 18 gid trg di, SC
tdng manh lén 53,32% va duy tri & muc cao, 6n dinh
trong khodng 18 - 48 gio (khodng 52 - 53%). Nguac lai,
mau déi chiing hau nhu khéng bién déng, chi dao dong
9,3 -9,9%, khdng dinh hiéu qua chiét tach hoan toan phu
thudc vao hoat tinh enzyme. Nhiing két qua nay cho
thay cellulase va pectinase déng vai tro then chét trong
viéc gidi phong cac hgp chat phenolic cé kha nang
chéng oxy hda, dac biét sau m6c 18 gid. Khoang thai
gian 18 - 36 gi¢ dugc xem la t6i uu, khi SC duy tri & muic
cao va 6n dinh, trong khi kéo dai phan (ng dén 48 gi&
ghi nhan su suy gidm nhe.

Bang 1. Anh huéng clia thdi gian chiét dén hoat tinh chdng oxy héa

Thei Kha nang bay géc tu do (SC, %), diéu kién phan iing
gian (40°C, pH 5,0, 50 U/gds/E)
tach | Han hop cellulase va pectinase Enzyme bét hoat
chiét (h) (Mau thi nghiém) (DG chiing)

6 24,43+0,15 9,31+0,19

12 25,87+0,14 9,50+0,12

18 53,32+ 0,11 9,83+0,17

24 52,12+0,16 9,65+0,16

36 53,26+0,19 9,88 £0,13

48 52,54+ 0,07 9,75+0,09

3.2. Anh huéng ctia nhiét 46 dén ham luong TPC va
hoat tinh chéng oxi héa

Ké&t qua trinh bay & hinh 2 cho thdy ham lugng TPC
bién thién rd rét theo nhiét d6 khao sat. Khi nhiét d6 tang
tur 30°C lén 45°C, ham lugng TPC trong mau cé bé sung
enzyme tang manh, tur khoang 6,8mg GAE/gds 1én gan
19mg GAE/gds. Day la gid tri cao nhat trong toan bé dai
nhiét d6 khao sét, cho thdy 45°C la muc nhiét t6i uu cho
qua trinh gidi phéng TPC dudi tadc dong enzyme. Tuy
nhién, khi nhiét d6 tang 1én 50°C va 55°C, ham lugng TPC
gidm dang k&, con lan lugt 11mg GAE/gds va 6 mg
GAE/gds. Su suy gidm nay c6 thé xuat phat ti hién tugng
bién tinh enzyme & nhiét d6 cao hoac su phan hiy mét
phan cac hop chat phenolic, dan dén hiéu suat chiét
giam. D6i véi mau déi chiing st dung enzyme bat hoat,
ham lugng TPC tai tat ca cac muc nhiét déu thap (2 - 4mg
GAE/gds) va gan nhu khong thay déi theo nhiét do, qua
dé6 khang dinh vai trd quyét dinh clia enzyme trong qua
trinh gidi phong TPC tur 14 voi. Két qua nay phu hop véi
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nhan dinh trong cac nghién cliu trudc day rang
polyphenol la nhém hgp chat nhay nhiét; khi nhiét dé
vugt qua muc toi uu, cac phan ting oxy héa va phan hay
nhiét c6 thé xay ra, lam gidm ham lugng phenolic thu
dugc. Diéu nay giai thich vi sao TPC dat gia tri cao nhat &
khodng 40 - 45°C va suy gidm & nhiét dé cao hon [12].

25 1

— [
w [=]
L

GAE/gds)
s

Tong ham lwong phenolic (mg

i

35 40
Nhiét d6 (°C)

Hinh 2. Anh huéng cda nhiét do dén ham luong TPC: () Hon hap
enzyme cellulase va pectinase (50 U/gds/E) and (E1') Enzyme bét hoat (D6
chiing)

Bang 2. Anh huéng cla nhiét do dén hoat tinh chéng oxi héa

Kha nang bay géc tu do (SC, %), diéu kién phan iing
Nhiét do (pH 5,0, 50 U/gds/E, sau 24h u)
(°0Q Hon hap cellulase va Enzyme bét hoat
pectinase (Mau th{ nghiém) (Ddi chiing)
30 17,63+0,13 9,06+0,18
35 24,43 £0,11 9,32+0,10
40 56,32+ 0,17 9,65+0,12
45 57,16 £0,13 9,89+0,10
50 21,27 £0,18 12,6310,16
55 16,54 +0,12 16,36 £ 0,11

Két qua trinh bay & bang 2 cho thay, kha nang bay géc
tu do clia dich chiét 14 v8i thay déi dang ké theo nhiét dé
xU ly. Hoat tinh chong oxy héa (SC%) dugc phan hoéa
thanh hai nhém ré rét. Nhém c6 SC > 50% gdm cac mau
thay phan &40°C (56,32%) va 45°C (57,16%), thé hién hoat
tinh manh. Day dugc xem la khoang nhiét t6i uu, khi hoat
dong xuc tac cha enzyme dat hiéu qud cao, gilp giai
phong cac hgp chat chéng oxy hoa, dac biét la
polyphenol va flavonoid tir mé 14 véi. Ngugc lai, tai cac
muc nhiét thap hon (30 - 35°C), enzyme hoat déng kém
hiéu qua, dan dén SC chi dat 17,63 - 24,43%. Trong khi d6,
3 50-55°C, hoat tinh gidm manh (16,54 - 21,27%) do nguy
co bién tinh enzyme & nhiét dé cao, lam suy giam kha
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nang thay phan va giadi phéng hoat chat. Dang chua y, cac
mau d6i chiing sirdung enzyme bat hoat cho thay SC hau
nhu khéng thay déi gilta cac muc nhiét, khang dinh
enzyme la yéu t6 quyét dinh trong viéc tang cudng hoat
tinh chong oxy hoa cla dich chiét. Xu huéng bién thién
SC% theo nhiét d6 trong nghién ctu nay phu hgp véi
nghién ctu cha Al-Farsi va Lee, khi hoat tinh DPPH cla
dich chiét hat cha la dat gia tri cao nhat & khoang 40 - 45°C
va gidm dang ké trén 50°C do su phan hay va oxy héa cac
hgp chat phenolic. Su tuong dong nay cling c6 nhan dinh
rang hoat tinh chéng oxy héa dat muic téi uu trong dai
nhiét trung binh va suy gidm & nhiét d6 cao [13].

3.3. Anh huéng cta pH dén ham lugng TPC va hoat
tinh chéng oxi héa
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Hinh 3. Anh hung cta pH dén ham lugng TPC: (1) Hon hop enzyme
cellulase va pectinase (50 U/gds/E) and (&) Enzyme bt hoat (Béi chiing)

Két qua hinh 3 cho thdy, anh hudng ro rét ctia pH dén
ham lugng TPC thu dugc tU chiét xuat la véi. Trong
khoang pH ti 5 dén 5,5, ham lugng TPC dat gia tri cao
nhat (20mg GAE/gds), phan énh khad nang gidi phéng
manh mé cac hgp chat TPC trong diéu kién axit nhe. Diéu
nay c6 thé do & pH nay cdu tric té bao thuc vat bi gian ng
thich hgp, tao diéu kién thuan lgi cho enzyme hoac dung
moi xam nhap va hoa tan cac hgp chat TPC tu do hodc
lién két yéu véi thanh té bao. Khi pH vuot qua 6,0, ham
lugng TPC bat dau gidm dan, c6 thé do cac nhom
hydroxyl phenolic bi ion héa, lam giam kha nang hoa tan
trong dung méi, pH cao dnh hudng dén do6 6n dinh cla
hgp chat TPC, dé bi oxy héa, va hoat tinh enzyme thay
phan c6 thé bi tic ché ngoai khodng pH téi uu. Két qua
nay phu hgp véi cac bdo cao trudc day, trong dé viéc diéu
chinh pH dung méi chiét dugc ghi nhan cé anh hudng
dang ké dén ham lugng phenolic va hoat tinh chéng oxy
hoa. Cu thé, Seyhahmet va Sahin cho thay su thay déi pH
dan dén bién dong ro rét ctia TPC va hoat tinh chéng oxy
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hoéa khi chiét tu Brassica oleracea, nhan manh rang pH la
mot yéu té then chét trong viéc téi uu hda thu nhan cac
hgp chat phenolic [14].

Két qua bang 3 cho thay, pH phan ting c6 anh hudng
rd rét dén kha nang bay géc tu do ctia dich chiét tir 14 voi
trong diéu kién st dung hén hop enzyme thiy phan. Qua
trinh nay dugc thuc hién khi bé sung cellulase va
pectinase (50 U/gds/E) & 45°C trong 24 gid. Cu thé, kha
nang bay géc tu do dat gid tri cao nhat tai pH 5,5 (56.43%),
sau d6 giam dan khi pH tang hoac giam khai gia tri téi uu
nay. G pH 4,0 va 7,0, hoat tinh chéng oxy hoa giam xudng
dang ké, chi con 40,89% va 34,51%, tuong ung. Khi so
sanh vGi mau déi ching st dung enzyme bat hoat, kha
nang bay goc tu do & tat ca cac muc pH déu thap hon ro
rét, dao dong tur 8,65% dén 16,43%. Diéu nay khang dinh
vai tro xdc tdc cda enzyme thlay phan trong viéc gidi
phong cac hgp chat c6 hoat tinh chéng oxy hda tir 14 voi.
Ngoai ra, kha nang bay géc tu do clia cao chiét giam di &
cac pH ngoai khoadng t6i uu (pH 5,0 - 6,0) ¢4 thé do cau
trdc va hoat tinh clia enzyme bj dnh hudng, lam gidm hiéu
qua thay phan thanh phan cdu tric thuc vat va giai
phong cac hgp chat sinh hoc. Nhu vay, pH 5,5 dugc xac
dinh 13 diéu kién thich hgp dé chiét xuat hop chat c6 hoat
tinh chéng oxy hoa tir a voi.

Bang 3. Anh huéng ctia pH dén hoat tinh chdng oxy hda

Kha nang bay géc tu do (SC, %), diéu kién phan iing
(45°C, 50 U/gds/E, sau 24h &)
pH Hon hop cellulase va pectinase Enzyme bét hoat
(Mau tht nghiém) (D chiing)
4,0 40,89 £ 0,43 16,43+0,23
50 56,06 £ 0,13 15,52+0,15
55 56,43 £ 0,26 14,76 £ 0,19
6,0 55,16 £0,15 14,09+ 0,14
6,5 48,20 £0,12 9,65+0,18
7,0 3451+0,25 8,65+0,12

3.4. Anh huédng clia hoat d6 enzyme dén ham lugng
TPC va hoat tinh chéng oxi héa

Két qua hinh 4 cho thdy, hoat d6 enzyme anh hudng
rd rét dén ham lugng TPC chiét xuat tu la véi. Khi tang
hoat d6 enzyme tur 50 dén 150U/gds, ham lugng TPC tang
dan va dat gid tri cao nhat tai 150U/gds (~23,7mg
GAE/gds). Sau do, khi tiép tuc tang dén 200 va 250U/gds,
ham lugng TPC gidm nhe, du van cao hon cac muc
enzyme thap. Diéu nay ching to rang viéc st dung
enzyme cellulase, pectinase da hé trg pha v& cdu tric
thanh té bao, giadi phdng cac hop chat TPC bi rang budc
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trong vach té bao thuc vat. Enzyme pha v& cellulose va
hemicellulose sé gidi phong TPC nhu acid chlorogenic,
gallic va caffeic, la cac hgp chat phenolic chti yéu c6 trong
l& voi [15]. Tuy nhién, khi vugt qua hoat do t6i uu
(150U/gds), su sut gidm nhe ctia téng ham lugng TPC ¢6
thé do qua trinh phan hdy phenolic trong diéu kién
enzyme cao, tai hap phu vao chat ran khong tan, hodc do
hién tugng Uc ché enzyme do tich lay san pham. Do do,
hén hgp enzyme st dung vai hoat dé 150U/gds la phu
hgp trong diéu kién thi nghiém.
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Hinh 4. Anh huéng cia hoat do enzyme d&n ham luong TPC: (£ Hon
hap enzyme cellulase va pectinase and (21 ) Enzyme bét hoat (i chiing)

Két qua bang 4 cho thay, nhin chung kha nang bay
g6c tu do cua chiét xuat 1a véi tang dang ké khi hoat do
enzyme tang. Tai hoat d6 50 U/gds/E, mau am tinh véi SC
< 50%. TU 100 dén 150U/gds/E, SC tang |én trén 57%, dat
gia tri cao nhat & 150U/gds/E (57,89%). Bay dugc xem la
ngudng t6i uu, noi enzyme thay phan hiéu qua thanh té
bao thuc vat, gitp giai phéng cac hop chat ch6ng oxy hoa
manh, dac biét tir 1a v6i von chia nhiéu polyphenol va
tanin. Tai 200U/gds/E, SC bat dau gidm nhe (~55,19%),
cho thdy hoat tinh enzyme da dat dén muic bao hoa, hoac
6 thé xdy ra Uc ché phan héi hoac phan hdly mét phan
hgp chat hoat tinh do enzyme hoat dong qua mdc. Tai
250U/gds/E, SC gidam xuéng dudi 50% (48,59%), cho thay
liéu lugng enzyme qua cao c6 thé gay bat Igi, khéng
nhiing khong tang hiéu qua chiét xuat ma con lam mat
hoac bién tinh mét phan cac hgp chat TPC, dan dén giam
kha ning bay géc tudo. G tat cd cdc muc enzyme bat hoat
(d6i chiing), SC déu rat thap (9,57% - 15,83%), khang dinh
vai trd rd rang cla enzyme trong viéc thuc day chiét xuat
hoat chat chéng oxy hoa tur 1a véi. Do d6, so v6i phuong
phap chiét xuat déi ching, hoat tinh chéng oxy héa cao
haon trong hé thong chiét xuat ho trg enzyme.
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Bang 4. Anh huéng clia hoat d9 enzyme dén hoat tinh chéng oxi hoa

Hoatdd | Khanang bay géctu do (SC, %), diéu kién phan ing
cellulase va (45°C, pH 5,5, sau 24h G)

pectinase | L hop cellulase va pectinase Enzyme bét hoat

(U/gds/E) (Mau thit nghiém) (i chiing)
50 41,67 £0,23 12,43 +0,21
100 55,78 £0,14 15,83+0,17
150 57,89 +£0,20 14,04 +0,19
200 5519+0,12 13,89+0,14
250 48,59 +0,19 9,57+0,12

4. KET LUAN

Nghién ctiu da chiing minh rang chiét xuat 14 voi bang
phuong phap hé trg enzyme la mot ky thuat hiéu qua,
giup nang cao dang ké ham lugng TPC va hoat tinh chéng
oxy héa ctia dich chiét. Trong diéu kién thich hgp (45°C,
pH 5,5, sau 24 gig, hoat d6 cellulase va pectinase s&r dung
150U/gds/E). Trong diéu kién dé, ham lugng TPC dat
25,94mg GAE/gds va kha nang chéng oxy hda dat
57,89%. K&t qua nay khang dinh tiém nang tng dung cda
enzyme trong khai thac hoat chat sinh hoc tir a véi phuc
vu nganh thuc pham chiic nang va dugc pham.
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