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TOM TAT

Enhalus acoroides (L£.) Royle la lodi ¢ bién nhiét ddi thudc ho Hydrocharitaceae, dugc quan tam nhu mdt ngudn tiém nang cac hop chat flavonoid c6 hoat
tinh sinh hoc phuc vu cho linh viic dugc phdm va mj pham. Trong nghién cGu nay, qua trinh chiét xudt flavonoid toan phan tir loai ¢d bién £. acoroides dugc khao
sdt va toi uu héa mot cach hé théng. Ham lugng flavonoid toan phan dugc xac dinh bang phuang phap do quang tao phiic véi AlCl; va biéu thi theo quercetin
tuong duong (QE). Anh hudng clia cdc yéu t& nhu dung mai chiét, ndng d ethanol, nhiét do chiét, thai gian chiét, ty 1& nquyén liéu/dung méi va s6 Ian chiét dén
ham lugng flavonoid dugc khao sat ban dau bang phuong phép don bién. Trén co s¢ do, phuong phap bé mét dap ing (RSM) theo thiét ké thi nghiém Box-
Behnken dugc ap dung dé t6i uu hoa cac thong s§ chiét quan trong. Két qué cho thdy ethanol la dung mdi chiét thich hap hon so vdi nudc, trong d6 ethanol 50%
(v/v) cho hiéu sudt thu hoi flavonoid cao nhat. Nhiét d9 va thai gian chiét cd anh hudng déng ké dén ham lugng flavonoid, trong khi diéu kién chiét qua cao lam
giam hiéu sudt, ¢ thé do su phan hiy nhiét ctia cac hgp chat flavonoid. Phan tich RSM cho thdy néng dé ethanol, nhiét do chiét va thoi gian chiét déu 6 anh
hudng tuyén tinh va phi tuyén cd y nghia thong ké dén ham lugng flavonoid toan phan (p < 0,05). Diéu kién chiét t6i uu dugc xac dinh la ethanol khoang 50%,
nhiét do chiét 60°C va thai gian chiét 90 phdt. Trong cac diéu kién nay, ham lugng flavonoid thuc nghiém thu dugc phil hop tot vdi gia tri du dodn cla mo hinh.
Quy trinh chiét toi uu dugc xdy dung trong nghién ctiu nay la co's& khoa hoc cho cac nghién c(fu hda hoc tiép theo va gop phan dinh huéng khai thac E. acoroides
nhu mét ngudn flavonoid tu nhién phuc vu phat trién dugc pham va my pham.

Tir khéa: Enhalus acoroides; ¢ bién; flavonoid; ti uu hda chiét xudt; phuong phdp bé mdt ddp ting (RSM); thiét ké Box-Behnken; quercetin tuong duang.

ABSTRACT

Enhalus acoroides (L.f.) Royle is a tropical sea grass that belongs to the Hydrocharitaceae family and is of interest as a potential source of biologically active
flavonoid compounds that are useful to the pharmaceutical and cosmetic industries. This work was concerned with the extraction technique of total flavonoids of
seagrass species £. acoroides. The total flavonoids were determined by the AlCl; complexation technique and expressed in quercetin equivalents (QE). The effect of
extraction solvents, ethanol concentration, extraction temperature, extraction time, material/solvent ratio, and number of extractions on flavonoid content was
studied initially by univariate methods. The results showed that ethanol was a better solvent for extraction than water, and 50% (v/v) ethanol showed the highest
efficiency in recovering flavonoids. The factors influencing the concentration of the flavonoids are temperature and time of extraction. The yield drops in the case of
very high extraction conditions, perhaps as a result of the thermal destruction of molecules of flavonoids. The results of the RSM analysis showed that ethanol
concentration, extraction temperature, and extraction duration had significant linear and nonlinear influences on the total flavonoid content (p < 0.05). The optimal
parameters for extraction were 50% ethanol, 60°C extraction temperature, and 90 min extraction time. The experimentally measured flavonoid content was close to
the values predicted by the model under these conditions. The optimized extraction process presented in this work provides a scientific basis for further chemical
investigations and contributes to the utilization of £. acoroides as a natural resource of flavonoids for medicinal and cosmetic purposes.

Keywords: Enhalus acoroides; seagrass; flavonoids; extraction optimization; response surface methodology (RSM); Box-Behnken design; quercetin equivalents.
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1. GIGI THIEU

Cac hgp chat tu nhién dugc phan lap tu cac sinh vat
bién da va dang thu hut su chud y cda rat nhiéu cac nha
sinh vat hoc va hda hoc trén toan thé gidi. Nguon tai
nguyén ti cac déng thuc vat bién dugc khai thac dé xac
dinh thanh phan hoa hoc va hoat tinh sinh hoc con rat
han ché. Tuy nhién, chung ta c6 thé thdy dugc tiém nang
rat I6n cda né nhu chat bé sung dinh dudng, dugc pham,
my pham, héa chat ndng nghiép, dau do phan td, enzym
[1].... Flavonoid la chat chuyén hoa thi cap c6 trong
lugng phan ti thap khéng chi dugc tim thay & thuc vat
trén can ma con dugc tim thdy & cac nguon sinh vat bién
[2]. Cac flavonoid tu sinh vat bién dugc phat hién dau tién
vao nam 1966 c6 gan 100 hop chat flavonoid da dugc
phan lap [3]. Theo céc nghién ctiu gan day, cac flavonoid
ti nguén sinh vat bién thé hién nhiéu hoat tinh sinh hoc
c6 lgi, va do d6 céac san pham tu nhién nay da thu hat
nhiéu su chay.

Trong 50 nam qua, cac bao cdo vé viéc phan lap
flavonoid bién ngay cang tang, dac biét Ia flavone (68 hop
chat) va flavonol (23 hgp chat). Mat khac, cac flavonoid
thudc cac nhom khac kha hiém, chi phan 1ap duoc hai
flavan-3-ol, hai dihydrochalcone, mét flavanone va mét
isoflavone. Mac du co su dac trung vé cau tric clia cac
flavonoid bién, ching van dugc phan lap ti mét sé ho
khac, dac biétla ho Hydrocharitaceae, ho Zosteraceae, ho
Rhodomelaceae, Juncaceae va Tamaricaceae. Cac
flavonoid phan lap tir cac sinh vat bién da va dang thu hut
cac nha khoa hoc vi ching cé nhiing hoat tinh déc dao va
day trién vong. Trén thuc t&€ mot sé flavonoid da dugc
bdo cao la khéng chi c6 cac hoat dong dugc ly (chéng oxy
hoa, khang khuan, khang u, ch6ng déng mau va chéng
dai thdo dudng), ma con cé cac hoat tinh chéng ha va
ch6ng an mon, ching té tiém nang cta ching nhu la hop
chat dan dau cho nganh dugc phdm va héa chat. Trong
s6 cac flavonoid bién, mét s6 hgp chat kha phé bién trong
giGi thuc vat, cling dugc phan lap ti cadc nguodn thuc vat
trén can apigenin, luteolin, quercetin, kaempferol,
catechin va glycoside clia chung [4]. Cac hoat tinh sinh
hoc cla cac flavonoid nay da dugc mét s6 nha nghién ctu
xem xét rong rai gan day. Dién hinh, mét s6 bao caochira
rang apigenin, luteolin, quercetin, kaempferol va
catechin 6 hoat dong bao vé than kinh, chéng viém,
ch6ng oxy hda va ch6ng ung thu cho thay (ing dung tiém
nang clia ching trong san xuat thudc. Ngoai nhiing hoat
tinh trén, apigenin, luteolin quercetin va kaempferol da
dugc bao cao la ¢ tac dung o loi déi véi hé tim mach,
cling nhu d8i véi bénh tiéu dudng loai Il, phong nglia va
diéu tri bénh gan [5, 6]. Cac flavonoid c6 nguén géc tu
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nhién, chdng han nhu kaempferol, luteolin, quercetin va
catechin cling da dugc bao cao la c6 hiéu qua chéng lai
mot loat vi khudn va vi rut gay bénh [7-9].

Hau hét céc flavonoid da dugc phan lap ti cd bién
(519%) va Halophyte (28%). Tuy nhién, viéc phan lap cac
hgp chat tu nhién nay cling da dugc bao céo tir cdc ngudn
sinh vat bién khac, chdng han nhu tdo, déng vat than
mém, nam, san hé va vi khuan...

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1.Vatliéu nghién ciu

Mau co la dlira Enhalus acoroides (L.f.) Royle thu thap
vao thang 2/2023 tai Vinh Van Phong, tinh Khanh Hoa,
Viét Nam. Mau dugc dinh danh b&i PGS.TS. Dam Duc Tién,
Vién Cong nghé nang lugng & Méi trudng - Vién Han lam
Khoa hoc va Céng nghé Viét Nam. Tiéu ban dugc luu gilr
tai Vién Hoda hoc - Vién Han lam Khoa hoc va Cong nghé
Viét Nam.

y 4

Hinh 1. Mau 6 I& dura Enhalus acoroides (L.f.) Royle
2.2, Phuong phap nghién ciu

2.2.1. Phuong phdp dinh lugng flavonoid toan phdn

Ham lugng flavonoid toan phan dugc xac dinh bang
phuong phap do quang phé UV-Vis dua trén phan ting
tao phuc giira flavonoid va AICls. Phuang phap nay phu
hop cho muc tiéu so sanh su thay d6i ham lugng
flavonoid trong céc cao chiét thu dugc dusi nhiing diéu
kién chiét khac nhau. Mac du c6 thé chiu anh huéng cda
mét s6 hop chat khéng phai flavonoid ciing tham gia
phan Ung tao mau, sai sé nay dugc xem la chap nhan
dugc khi so sanh cac mau cé cung nguén géc nguyén liéu
va quy trinh x(t ly tuong déng. Chat chuan quercetin dugc
st dung dé xay dung dudng chuan. Can chinh xac 10 mg
quercetin chuan, hoa tan trong ethanol 96% va dinh muc
dén 10mL dé thu dugc dung dich géc. Tir dung dich nay,
pha loang dé thu dugc day dung dich chudn c6 néng do
lan lugt la 20, 40, 60, 80 va 100ug/mL. Mbi dung dich
chuén (4mL) dugc cho phan (ng lan luot véi 0,3mL dung
dich NaNO, 5% (5 phut), 0,3mL dung dich AICl; 10% (6
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phut), sau d6 thém 2mL dung dich NaOH 1M va dinh muic
dén 10mL bang ethanol 96%. Mau trang dugc chuan bi
tuong tu nhung khéng chia quercetin. D6 hap thu dugc
do tai budc séng 510nm. Két qua cho thdy méi tuong
quan tuyén tinh tét gitta d6 hap thu va néng do6 quercetin
trong khoang 20 - 100ug/mL véi phuong trinh héi quy
y = 0,0033x + 0,0026 va R*> = 0,999. Do d6, phuong phap
dugc sirdung dé dinh lugng flavonoid toan phan, két qua
biéu thi theo mg quercetin tuong duong (QE).

2.2.2. Phuong phdp xir ly sé liéu

Cac thi nghiém dugc thuc hién 3 1an, két qua thu duoc
la gia tri trung binh ctia cac lan do. S6 liéu dugc xt ly
théng ké bang phan mém SPSS 16. One - way ANOVA,
Tukey HSD's test dugc st dung dé so sanh su khac biét
gilta cac gia tri trung binh. Sy khéc biét cé y nghia thong
ké dugc xac dinh khi P < 0,05. K&t qua cho thay phan I6n
flavonoid dugc thu héi trong hai dén ba lan chiét dau tién.
Tu lan chiét tha tu trg di, ham lugng flavonoid thu dugc
gidm manh va khéng dang ké. Vi vay, 3 1an chiét/mé dugc
xem la hgp ly d€ dam béo hiéu suat va tiét kiém chi phi.
3. KET QUA VA THAO LUAN

Cac diéu kién chiét bao gobm: dung moéi ethanol 50%
(v/v), nhiét d6 chiét 60°C, thai gian chiét 90 phut, ty 1é
nguyén liéu/dung méi 1/25 (g/mL) va s6 lan chiét 3 lan.
Quy trinh nay cho hiéu suat thu héi flavonoid cao va 6n
dinh, pht hop cho ca nghién ctu khoa hoc va dinh huéng
ing dung trong phét trién nguyén liéu tu nhién giau
flavonoid.
3.1. Phuong phap dinh luong flavonoid

Trong nghién ctu nay, ching t6i st dung phuong
phap dinh lugng flavonoid toan phan bang phuong phap
do quang. Phuong phap nay cé uu diém la don gian va
nhanh chéng, phu hgp véi muc dich chinh cda nghién
ctu la khao sat sy thay déi cila ham luong cla tat ca cac
flavonoid trong cao chiét cé la dia theo cac diéu kién
chiét xuat. Nhugc diém chinh clia phuong phap nay la cé
thé gay ra sai s6 hé théng, khi mét s6 hgp chat khac
khoéng phai flavonoid cling cho phan Ung tao mau. Tuy
nhién, sai s6 nay c6 thé chap nhan dugc néu khi so sanh
cac cao cua cung dugc liéu trong diéu kién chiét tuong
déng. Phuong phap nay tién hanh nhu sau: Xay dung
dudng chudn: can chinh xac 10mg quercetin chudn hoa
tan vao binh dinh muc 10ml EtOH 96%, r6i dung may siéu
am cho d6ng nhat. Lan lugt hat 0,5ml; 1ml; 1,5ml; 2ml;
2,5ml dung dich cho binh dinh muic 10ml danh s6 thi tu
1,2, 3,4, 5. Thém EtOH 96% dén vach, lac déu dé dung
dich d6ng nhat. Tiép theo, hut 4ml tirbinh 1, 2, 3,4, 5 cho
vao binh dinh muc 10ml danh sé tha tu 17, 2, 3, 4, 5.
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Thém 0,3ml dung dich NaNO2 5% lan lugt cac binh 17,2/,
34,5 chatrong 5 phut. Thém tiép 0,3ml dung dich AICl;
10% va dé phan ng trong 6 phat. Cudi cing, thém 2ml
NaOH 1M va thém EtOH 96% dén vira du 10ml, lac déu.
Ma&u trdng dugc pha song song véi mau chuan. Hat 4ml
dung dich EtOH 96% cho vao binh dinh muc 10ml. Sau
do, thém 0,3ml dung dich NaNO2 5% chd trong 5 phut.
Thém tiép 0,3ml dung dich AICI3 10% va dé phan ung
trong 6 phat. Cudi cing, thém 2ml dung dich NaOH 1M
va thém dung dich EtOH 96% dén vira da 10ml, lac déu.
Tién hanh xac dinh d6 hap thu cia mau trang va mau thu
bang may do quang & budc song 510nm. Ti d6, xay dung
dudng chuan quercetin. Thi nghiém véi mau nguyén liéu
(1mg/ml): Thuc hién tién trinh thi nghiém tuong tu nhu
Vv3i quercetin. Xay dung dudng chudn quercetin: D€ xac
dinh khodng tuyén tinh, chat chuan quercetin dugc pha
thanh day dung dich chuan c6 néng 20; 40; 60; 80;
100pug/ml. Két qua dugc trinh bay & bang 1 va hinh 1.

Bang 1. D0 hdp thu clia quercetin phu thudc nong do

Néng d6 (mg/ml) 20 40 60 80 | 100
D0 hap thu 0,075 0,140 0,216 0,278 | 0,336
035 -
e °
i3 y =0,0033x +0,0026 .
; R2= 0,999
20,25
g 8
< 02 d
g 0,15 i
= &’
< 01 .
0,05 e
0 : : ; : : i
0 20 40 60 80 100 120

Nong do CO-1 (ing/l)

Hinh 2. D thi biéu thi méi tuong quan giita d hap thu véindng do quercetin

Ham lugng flavonoid toan phan dugc xac dinh bang
phuang phap tao phuic véi AlCl; va do quang & budc séng
510nm. Quercetin dugc sir dung lam chat chudn dé xay
dung dudng chuan trong khodng néng d6 tu 20 -
100pg/mL. Két qua cho thay dé hdp thu quang va nong
dd quercetin c6 moéi tuong quan tuyén tinh chat ché theo
phuang trinh:

y = 0,0033x + 0,0026 v&i hé s6 tuong quan R* = 0,999

Gia tri R* cao chiing té phuong phép c6 d6 tuyén tinh
t6t va phu hgp dé xac dinh ham lugng flavonoid toan
phan trong cdc mau nghién ctu.

Ké&t qua bang 1 va hinh 2 cho thay d6 hap thu va néng
dé dung dich quercetin cé su tuong quan tuyén tinh chat
ché trong khodng nong do tir 20 dén 100ug/ml theo
phuong trinh y = 0,0033x + 0,0026, v&i R?= 0,999. Do d6,
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phuong phap quang phé duoc st dung dé dinh lugng
flavonoid toan phan tai budc song 510nm.
3.2. Khao sat dung méi chiét

Theo Azahar va cong su [3] thi néng d6 dung méi la
yéu té quan trong nhat trong qua trinh chiét cac hgp chat
thi cdp noi chung va cac hgp chat flavonoid néi riéng.
Trong thi nghiém nay chuing téi sit dung dung méi la
methanol, ehanol va nudc. Tién hanh thi nghiém & nhiét
do 50°C vdi ti l1é dugc liéu/dung moi 1/10 (g/ml), thaoi gian
chiét la 1 gig, s6 lan chiét la 1. Két qua cho thdy, ham
lugng flavonoid thu dugc t 2 loai dung moi ethanol va
methanol la xap xi bang nhau 40 va 42mg QE/gDW trong
khi & nugc la 26mg QE/gDW. Két qua khao sat dung moi
dugc trinh bay & bang 2.

Bang 2. Su dnh hudng cla dung moi dén ham lugng flavonoid trong cd
1 dura

STT | Dungméi | Ham lugng flavonoid tong sé (mg QE/gDW)
1 Metanol 42,93 £0,34°
2 Ehanol 40,27 +1,56*
3 Nudc 26,75+1,39

Gid tri trinh bay dudi dang trung binh + SD (n = 3). Cdc chit cdi khdc nhau
trong ciing c6t biéu thi su khdc biét ¢ y nghia théng ké (p < 0,05).

Su khac biét nay c6 thé dugc giai thich bai flavonoid
la nhom hgp chat polyphenol c6 dé phan cuc trung binh,
do d6 hoa tan tét hon trong cac dung moéi hitu co phan
cuc nhu methanol va ethanol so v&i nudc. Ngoai ra, cac
dung méi hitu co ¢6 kha nang tham thau tét vao cau truc
té€ bao thuc vat, goép phan tang cudng qua trinh giai
phong flavonoid vao méi trudng chiét. Mac du methanol
cho ham lugng flavonoid cao hon ethanol, su khac biét
khong cé y nghia théng ké. Hon nita, methanol c6 doc
tinh cao va khong thich hgp cho cac ing dung trong dugc
phdm, thuc pham va my pham. Nguoc lai, ethanol 1a dung
moi an toan, dé thu hoi, cé gia thanh hop ly va dugc su
dung rong rai trong céng nghiép chiét xuat dugc liéu. Do
do, ethanol dugc lva chon lam dung méi cho cac thi
nghiém ti€p theo. K&t qua nay phu hgp vai nhiéu nghién
cliu trudc day cho thay ethanol 1a dung maéi hiéu qua dé
chiét flavonoid tir thuc vat va cdc nguén sinh vat bién nhd
kha nang hoa tan t6t cac hgp chat phenolic c6 hoat tinh
sinh hoc.

3.3. Khao sat néng dé dung méi

Sau khi lua chon dugc ethanol la dung méi thich hop,
anh hudng cla nong do ethanol dén hiéu suat chiét
flavonoid dugc khao sat & cac ndbng d6 40%, 50%, 60%,
70% va 96%. Cac thi nghiém dugc thuc hién trong cung
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diéu kién: nhiét dé chiét 50°C, ty 1& nguyén liéu/dung moi
1:10 (g/mL), thoi gian chiét 60 phut va mét lan chiét. Két
qud khao sat dung mai dugc trinh bay & bang 3.

Bang 3. Anh huéng clia ndng do dung moi dén ham lugng flavonoid
tdng s6

STT | Nong dd con | Ham luong flavonoid téng sé (mg QE/gDW)
1 40% 40,72 +0,84¢
2 50% 67,98 £0,71°
3 60% 58,10 + 1,82
4 70% 46,64 £ 1,25
5 96% 42,10 +1,07¢

S6'liéu duroc trinh bay dudi dang M + SD, vdi n = 3. Cdc chif cdi khdc nhau
trong ciing mdt 6t biéu thi su khdc biét c6 y nghia théng ké & muic p < 0,05.

Két qua bang 3 cho thay, néng do ethanol c6 anh
hudng dang ké dén hiéu suat chiét flavonoid tir o 14 dura
(Enhalus acoroides). Ham lugng flavonoid toan phan ting
t(r 40,72 + 0,84mg QE/gDW & n6ng d6 ethanol 40% lén gia
tri cao nhat 67,98 + 0,71mg QE/gDW & noéng dé ethanol
50%. Khi tiép tuc tang néng dé ethanol Ién 60%, 70% va
96%, ham lugng flavonoid giam dan. Su khac biét nay co
thé dugc giai thich bai flavonoid la nhom hgp chat c6 dé
phan cuc trung binh. H6n hgp ethanol - nuéc & nbng d6
thich hgp giup tang kha nang truong nd clia mo thuc vat,
tao diéu kién cho dung moéi tham nhap vao té bao va hoa
tan cac hgp chat flavonoid hiéu qua hon. Ngoai ra, su hién
dién clia nuéc con gép phan pha vé cac tuong tac gitia
flavonoid va thanh phan cdu truc té bao, tir dé nang cao
hiéu suat chiét. Khi ndbng d6 ethanol tang qua cao, d6 phan
cuc ctia dung moi giam, lam han ché kha nang hoa tan cac
flavonoid phan cuc va flavonoid glycoside. Do d6, ham
lugng flavonoid thu dugc gidm dang ké & cac néng do
ethanol tir60% tr& 1én. Két qua nay phlu hgp véi nghién cdu
cla Azahar va cong su [3], trong d6 hén hgp ethanol - nudc
& néng doé trung binh cho hiéu qua chiét flavonoid cao hon
so vGi ethanol tuyét d6i. Tuong tu, Guan va cong su [4] khi
nghién ctu cac hgp chat phenolic va flavonoid ti ¢ bién
Zostera marina ctng ghi nhan rang hé dung moéi ethanol -
nudc cho hiéu sudt chiét cao han nhg su can bang thich
hgp vé d6 phan cuc. T cac két qua thu dugc, ethanol 40-
60% dugc lua chon la néng d6 dung méi thich hgp cho cac
thi nghiém tiép theo.
3.4.Khao sat nhiét dé chiét

Nhiét do la mot trong nhimng yéu t6 quan trong anh

hudng dén hiéu qua chiét cac hgp chat tu nhién. Viéc
tang nhiét d6 c6 thé lam gidm d6 nhét cia dung méi,
tang kha nang hoa tan clia hoat chat, dong thai thuc ddy
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qua trinh khuéch tan va truyén khéi gitta nguyén liéu va
moi trudng chiét. Tuy nhién, nhiét d6 qua cao co thé lam
phan hully hodc bién déi cau trdc clia mot s6 hgp chat cé
hoat tinh sinh hoc, trong d6 c6 flavonoid. Sau khi xac dinh
dugc ethanol 50% la dung méi thich hgp, anh hudng cla
nhiét do chiét dugc khéo sat & cac muc 50, 60, 70 va 80°C.
Cac thi nghiém dugc thuc hién trong cing diéu kién: ty 1é
nguyén liéu/dung méi 1:10 (g/mL), thai gian chiét 60
phut va mét lan chiét. Két qua dugc trinh bay 6 bang 4.

Bang 4. Anh huéng clia nhiét do dén ham luong flavonoid téng s6 trong
c6lddua

STT | Nhiétdd | Ham luong flavonoid téng sd (mg QE/gDW)
1 50° 60,72 +0,53P
2 60° 78,99 + 1,382
3 70° 59,10 + 1,940
4 80° 46,64 + 0,88

Gid tri dutc biéu thi dudi dang trung binh + SD (n = 3). Cdc chif cdi khdc nhau
trong ciing mét cdt biéu thi su khdc biét ¢6 y nghia théng ké & muic p < 0,05.

Két qua cho thay nhiét do chiét c6 &nh hudng dang ké
dén ham lugng flavonoid toan phan thu dugc tur Enhalus
acoroides. Khi nhiét d6 tang tu 50°C Ién 60°C, ham lugng
flavonoid tang tu 60,72 + 0,53 Ién 78,99 + 1,38mg
QE/gDW va dat gia tri cao nhat tai 60°C. Su gia tang nay
6 thé dugc gidi thich béi nhiét dé cao lam tang kha nang
hoa tan cua flavonoid, déng thai thic ddy su pha vé cau
tric té bao thuc vat, tao diéu kién thuan lgi cho qua trinh
khuéch tan hoat chat vao dung méi. Tuy nhién, khi nhiét
do tiép tuc tang 1én 70°C va 80°C, ham lugng flavonoid
gidm dang ké xudng con 59,10 + 1,94 va 46,64 + 0,88mg
QE/gDW. Hién tugng nay cho thdy mac du nhiét d6 cao
c6 thélam tang téc dod truyén khéi, nhung déng thai cing
lam gia tang nguy co phan hly hodc oxy héa cac hop chat
flavonoid nhay cam vdi nhiét. Ngoai ra, nhiét dé cao c6
thé lam tang su hoa tan cla cac tap chat khac trong
nguyén liéu, dan dén giam ham lugng flavonoid toan
phan xéac dinh dugc trong dich chiét. Két qua nghién ctu
nay phu hgp véi bdo cdo cla Azahar va cong sy [14],
trong d6 nhiét do chiét & muc trung binh (50 - 60°C) cho
hiéu qua thu hoi flavonoid cao hon so véi cac mic nhiét
d6 cao hon. Theo cac tac gia, nhiét do lam tang déng
nang cla cac phan ti va thac day su gidi phong cac hap
chat phenolic tr mé thuc vat, tuy nhién khi vugt qua
ngudng toi uu sé gdy phan huiy hoat chat. Xu huéng
tuong tu cling dugc ghi nhan trén nhiéu loai cé bién khac.
Hawas [6] khi nghién ctu Thalassia hemprichii va Qi va
cdng su [9] khi nghién ctiu cac hgp chat phenolic tir ho
Hydrocharitaceae déu cho thdy cac hop chat flavonoid
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dugc chiét hiéu qua nhat & khoang nhiét d6 tir 50 - 70°C.
Nhiét d& qua cao c6 thé lam gidm ham lugng flavonoid
do su phan hay nhiét hodc oxy héa cac nhém hydroxyl
phenolic. T cac két qua thu dugc, nhiét d6 50 - 60°C
dugc lua chon la diéu kién thich hgp cho cac thi nghiém
ti€p theo.
3.5. Anh huédng ctia thai gian chiét

Bén canh nhiét dg, thai gian chiét cling la yéu t6 quan
trong anh huéng dén hiéu qua thu héi flavonoid tu
nguyén liéu thuc vat. Thoi gian tiép xuc gitia dung méi va
nguyén liéu cang dai thi qua trinh khuéch tan cac hgp
chat flavonoid tir té bao thuc vat vao méi trudng chiét
cang dién ra thuan Igi. Tuy nhién, viéc kéo dai thdi gian
chiét qua muc khong phai lic nao cling lam tang hiéu
suat thu héi hoat chat. Sau khi xac dinh dugc dung moi
ethanol 50% va nhiét dé chiét thich hgp la 60°C, anh
hudng cua thaoi gian chiét dugc khao sat & cac mic 30, 60
va 90 phut. Cac diéu kién thi nghiém khac dugc giltr co
dinh. Két qua dugc trinh bay & bang 5.

Bang 5. Anh hudng clia thai gian dén ham luong flavonoid tdng so

STT | Thdigian chiét | Ham lugng flavonoid tong s6 (mg QE/gDW)
1 30 40,72 +1,12¢
2 60 58,10 +1,45P
3 90 78,99 £ 1,382
4 =120 Khong tang dang k&

Gid trj duoic biéu thi dudi dang trung binh = SD (n = 3). Cdc chit cdi khdc nhau
trong ciing mét cdt biéu thi su khdc biét ¢6 y nghia théng ké & muc p < 0,05.

Két qua cho thay thai gian chiét cé anh hudng déng
ké dén ham luong flavonoid toan phan thu dugc tu
Enhalus acoroides. Ham lugng flavonoid tang dan tr40,72
+1,12mg QE/gDW & thai gian chiét 30 phat 1én 58,10 +
1,45mg QE/gDW & 60 phut va dat gia tri cao nhat 78,99 +
1,38mg QE/gDW sau 90 phut chiét. Su gia tang nay phan
anh qua trinh khuéch tan lién tuc cla cac hgp chat
flavonoid tur mé thyc vat vao dung moi trong suét thoi
gian chiét. Tuy nhién, khi kéo dai thai gian chiét 1én trén
120 phut, ham lugng flavonoid thu dugc khong tang
dang ké. Diéu nay cho thay hé théng da tién gan dén
trang thai can bang khuéch tan, khi néng d6 flavonoid
trong nguyén liéu va trong dung méi dat trang thai tuong
déi 6n dinh. Ngoai ra, thai gian gia nhiét kéo dai c6 thé
lam gia tang cac phan Ung oxy hda hoac phan hiy mét
phan cac hop chat flavonoid, dan dén hiéu suat thu hoi
khong tiép tuc tang. Két qua nay phu hgp véi nghién clu
cla Azahar va cong su [14], trong dé hiéu suat chiét
flavonoid tang dang ké trong giai doan dau cdia qua trinh
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chiét nhung dat trang thai 6n dinh sau mot khodng thaoi
gian nhat dinh. Tuong tu, Dai va Mumper [2, 8] cling cho
rang thaoi gian chiét kéo dai qua muc khéng nhiing khéng
cai thién hiéu qua thu hoi cac hgp chat phenolic ma con
c6 thé lam suy gidm chat lugng dich chiét do su phan hay
cUa cac hoat chat nhay cdm vai nhiét. Déi vai cac loai co
bién, cac nghién ctu trén Zostera marina, Thalassia
hemprichii va Halophila stipulacea cing ghi nhan rang
thai gian chiét trung binh ti 60 - 120 phut thudng da dé
thu hoi phan 1én cac hgp chat flavonoid va polyphenol [4-
8]. Viéc kéo dai thai gian chiét chi lam tang chi phi san
xudt, tiéu hao nang lugng va cé thé anh hudng dén doé 6n
dinh ctia hoat chat.

Tu cac két qua thu dugc, thai gian chiét 90 phut dugc
lua chon la diéu kién thich hgp cho cac thi nghiém tiép
theo nham dam bao hiéu qua thu héi flavonoid cao déng
thai duy tri tinh kinh té ctia quy trinh chiét xuat.

3.6. Khao sat anh hudng cla ti Ié nguyén liéu/dung moéi

Sau khi xac dinh dugc cac diéu kién chiét thich hop
gém dung méi ethanol 50%, nhiét do chiét 60 °C va thoi
gian chiét 90 phat, anh hudng cla ty 1é nguyén liéu/dung
moi dén hiéu qua thu héi flavonoid dugc tiép tuc khao sat
G cac ty & 1:10, 1:15, 1:20, 1:25 va 1:30 (g/mL). Két qua
dugc trinh bay & bang 6.

Bang 6. Anh huéng cla ty 1é nguyén liéu/ dung méi dén ham lugng
flavonoid tong s6 trong cd la dira

STT Tilé nguyén Ham lugng flavonoid tong s6
liéu/dung moi (mg QE/gDW)
1 110 40,72 +0,26°
2 1/15 58,10 + 0,940
3 1/20 66,14 + 1,59ab
4 1/25 78,99+ 0,772
5 1/30 65,35+ 0,91ab

Gid tri duc biéu thi dudi dang trung binh + SD (n = 3). Cdc chif cdi khdc nhau
trong ciing mét cdt biéu thi su khdc biét ¢6 y nghia théng ké & muc p < 0,05.

Két qua cho thay ty I& nguyén liéu/dung moi cé anh
huéng dang ké dén ham lugng flavonoid toan phan thu
dugc tu Enhalus acoroides. Khi tang lugng dung moéi tu ty
[& 1:101én 1:25 (g/mL), ham lugng flavonoid tang tur 40,72
+0,26 1én 78,99 + 0,77mg QE/gDW. Diéu nay c6 thé dugc
giai thich bai qua trinh chiét la qua trinh truyén khéi dya
trén sy chénh léch n6ng do gitta nguyén liéu va dung
moi. Khi lugng dung moéi tang, dong luc khuéch tan tang
[én, tao diéu kién thuan Igi cho su hoa tan va khuéch tan
flavonoid vao méi trudng chiét. Tuy nhién, khi tiép tuc
tang ty 1é dung méi Ién 1:30 (g/mL), ham lugng flavonoid
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khong tang thém ma cé xu huéng gidam nhe. Phan tich
thong ké cho thdy khong cé su khac biét c6 y nghia gitra
cac ty 1& 1:20, 1:25 va 1:30 (p > 0,05), cho thay qua trinh
chiét da tién gan dén trang thai can bang trong khoang
khdo sat nay. Khi d6, viéc tang thém lugng dung moi
khéng mang lai hiéu qua cai thién dang ké vé kha nang
thu héi flavonoid. Két qua nay phu hop véi cac nghién
clu trudc day vé chiét xuat flavonoid va polyphenol tu
thuc vat, trong dé hiéu suat chiét tang theo luong dung
moi cho dén khi dat trang thai can bang truyén khoi.
Azahar va cong su [14] cling ghi nhan rang viéc tang ty lé
dung méi chi c6 tac dung dén mét gidi han nhat dinh, sau
dé hiéu qua chiét khéng cai thién dang ké. Tuong tu, cac
nghién cdu trén cé bién Zostera marina, Thalassia
hemprichii va Halophila stipulacea cho thay ty & nguyén
lieu/dung méi tir 1:20 dén 1:30 thudong du dé thu hoi
phan I6n cac hgp chat phenolic va flavonoid. Viéc si
dung lugng dung méi qua 16n khéng nhiing khéng lam
tang hiéu suat chiét ma con lam gia tang chi phi san xuat,
nang lugng c6 dac va lugng dung maéi can thu héi. Xét ca
hiéu qua thu héi flavonoid va tinh kinh té cta quy trinh,
ty 1é nguyén liéu/dung méi 1:25 (g/mL) dugc lua chon cho
cac thi nghiém tiép theo.
3.7.Khao sat sé lan chiét/mé

S61an chiétla mot trong nhiing yéu té anh hudng dén
kha ndng thu hoi hoat chat tir nguyén liéu thuc vat. Trong
qua trinh chiét xuat, cac hgp chat flavonoid hoa tan vao
dung moi va khuéch tan tir bén trong té bao ra méi
trudng chiét. Qua trinh nay tiép tuc dién ra cho dén khi
dat trang thai can bang nong dé gilta nguyén liéu va
dung méi. Do d6, viéc xac dinh s6 lan chiét thich hgp la
can thiét nham dam bao thu héi t6i da flavonoid déng
thai tiét kiém dung moi, thoi gian va chi phi san xuat. Sau
khi xac dinh dugc cac diéu kién chiét thich hop gém
ethanol 50%, nhiét dé 60°C, thai gian chiét 90 phut va ty
lé nguyén liéu/dung méi 1:25 (g/mL), anh hudng cua s6
lan chiét dugc khao sat tur 1 dén 4 lan chiét/mé. Két qua
duogc trinh bay & bang 7.

Bang 7. Anh huéng clia s6 1n chiét dén ham luong flavonoid tng sd trong
614 dua

STT | Sélan chiét/mé | Ham luong flavonoid tdng s6 (mg QE/gDW)
1 1 70,72 £0,272
2 2 72,93 £0,692
3 3 58,70 +1,53p
4 4 40,62 + 0,44

Gid tri duoc biéu thi dudi dang trung binh = SD (n = 3). Cdc chif cdi khdc nhau
trong ciing mét cdt biéu thi su khdc biét ¢6 y nghia théng ké & muic p < 0,05.
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Két qua cho thdy s8 lan chiét c6 anh hudng dang ké
dén ham lugng flavonoid thu dugc. Ham lugng flavonoid
dat 70,72 + 0,27mg QE/gDW & lan chiét th nhat va tang
nhe 1én 72,93 + 0,69mg QE/gDW & lan chiét thur hai. Tuy
nhién, su khac biét gitra hai lan chiét nay khéng cé y nghia
théng ké (p > 0,05). T lan chiét thi ba tré di, ham lugng
flavonoid gidm dang ké va chi con 40,62 + 0,44mg
QE/gDW & lan chiét thur tu. Két qua cho thay phan Ion
flavonoid da dugc thu héi trong hai lan chiét dau tién.
Viéc tiép tuc chiét thém gitp thu héi mot lugng nho
flavonoid con lai trong nguyén liéu, tuy nhién hiéu qua
giam dan theo sé lan chiét. Xu huéng nay phu hgp véi
ban chat ctia qua trinh truyén khéi, khi néng d6 flavonoid
trong nguyén liéu gidm dan sau méi lan chiét, lam giam
dong luc khuéch tan vao dung méi. Cac nghién ctu trén
thuc vat va c6 bién ciing cho thdy phan I6n cac hop chat
phenolic va flavonoid thuong dugc thu héi trong 2 - 3 lan
chiét dau tién, trong khi cac lan chiét tiép theo chi mang
lai lugng hoat chat khong dang ké nhung lam gia tang chi
phi dung moi, nang lugng va thai gian xt ly. Do do, xét
trén ca hiéu qua thu haéi flavonoid va tinh kinh té ctia quy
trinh, sé lan chiét thich hgp dugc lua chon la 3 lan/mé.
3.8.Téi uu héa qua trinh chiét flavonoid bang phuong
phap bé mat dap iing (RSM)

Trén co sG két qua khao sat don yéu t6, ba yéu té c6 anh
hudng dang ké dén ham lugng flavonoid toan phan ti co
la dira (Enhalus acoroides (Lf.) Royle), bao gom nhiét do

phuong sai (ANOVA) dugc sir dung dé danh gia muc do
phu hgp ctia m6 hinh hoéi quy va muc d6 anh huéng clta
cac yéu to khao sat dén ham lugng flavonoid toan phan.

Phuang phéap bé mat chi tiéu theo thiét ké thi nghiém
cla Box- Behnken véi ba bién ba cap dé dugc sir dung.
Cac s0 liéu thu dugc tir qua trinh chiét dugc xU ly trén
phan mém Design - Expert 7.0 (Stat-Ease. Inc.
Minneapolis. USA) ANOVA dugc dung dé danh gia két
qua thu dugc. Tién hanh giai bai toan t6i uu theo phuong
phap “ham mong dgi”. Strdung phan mém Design-Expert
7.0 dé tién hanh t6i uu hda nham xac dinh dugc gia tri cda
ba yéu t6 ma tai d6 ham lugng flavonoid la cao nhat.

Ap dung phuang phap phan tich héi quy cac sé liéu
thuc nghiém thu dugc mé hinh da thic bac hai thé hién
ham lugng flavonoid téng sé:

Y=+715,01-1844*A + 19.35*B- 19,15 *C
+29,81*A*B - 34,11*A*C - 4,81*B*C - 38,60*A2
—-44,13*B2 - 193,68*C2

Trong d6, Y la ham lugng flavonoid trong dich chiét
thu dugc cac gia tri A, B, Clan lugt la cac gia tri cGia cac yéu
t6, nhiét do tach chiét, ty 1& nguyén liéu/dung moi néng
do dung moi.

Phan tich ANOVA dugc st dung dé danh gia mé hinh.
Két qué phan tich ANOVA dugc thé hién qua bang 9.

Bang 9. Phan tich phuong sai ANOVA cia mé hinh tach chiét dich chiét

chiét (A), ty lé nguyén liéu/dung méi (B) va néng doé ethanol Thong 6 55 DF MS ChuanF | GidtriP
(C), dugc lua chon dé t6i uu hda béng phuong phap bé mat | Mo hinh 1,987E+005 | 9 | 2208133 | 50,77 | <0,0001
dap ung (Response Surface Methodology, RSM). Thiét ké | A 2720,67 1 2720,67 6,26 0,0409
Bo>\<—Behnken véi bayéu t6 6ba mickhdo satdugcsirdung | 299653 | 1 2996,53 689 | 00342
nham danh gia dnh hudng riéng ré va tuong tac gilta cac
N . R A C 2934,56 1 2934,56 6,75 0,0355
yéu t6 dén ham lugng flavonoid toan phan.
Bang 8. Ma tran thuc nghiém Box-Behnken ba yéu t6, nhiét do chiét ty & AB 3555,71 ! 3555,71 8,18 0,0244
nguyén liéu/dung méi va néng d ethanol AC 465326 | 1 | 465326 | 10,70 | 10,0137
o wria Micthap | Miictrung | Miic cao BC 92,64 ! 92,64 0.21 0,6584
Bién Yéu to khao sat . 5
(-1) tam (0) (+1) A 6273,52 1 6273,52 14,43 0,0067
A | Nhiét do chiét (°C) 30 60 90 B2 8199,86 1 8199,86 18,86 0,0034
Ty Ié nguyén liéu/dung moi 10 20 25 ¢ 1,579E+005 | 1 | 1,579E-+005 | 363,19 | <0,0001
(g/ml) Residual 304420 | 7 | 43489
0 A 0
C_|Nong dg ethanol (%) 0 2 %0 lackoffit | 244170 | 3 | 81390 | 54 | 00684
, Cfc kh’oangf kh:i\o sat cuzj cacA,bl‘ezn dugc Iu:':\ ch(?n tren‘ Sd Saish 602,52 4 150,63
s& két qua khao sat don yéu t6 va tham khao cac nghién »
clu trudc day vé chiét xuat flavonoid tur thuc vat nham bao S5 tong 2,018E+005 | 16

dam bao quat dugc vung toi uu clia qua trinh chiét. Cac s6
liéu thuc nghiém dugc xi ly bang phan mém Design-
Expert 7.0 (Stat-Ease Inc,, Minneapolis, USA). Phan tich
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§S: Tong phuong sai; DF: Bac tu do; MS: Trung binh phuong sai; Chudn F:
Chudn Fisher; Residual: Phdn du; “Lack of Fit”: Chudn ddnh gid d6 khong tuong
thich ctia md hinh véi thuc nghiém
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Két qua phan tich ANOVA cho thdy mé hinh héi quy
cé y nghia théng ké rat cao vdi gia tri F = 50,77 va
P < 0,0001. Gia tri Lack of Fit bang 0,0684 (> 0,05) ching
td mo hinh phu hop véi dit liéu thuc nghiém va khong cé
su sai khac dang ké gitra gia tri thuc nghiém va gia tri du
doan. Hé s6 xac dinh ca mé hinh dat R = 0,9846, cho
thay 98,46% su bién thién ctia ham lugng flavonoid toan
phan dugc giai thich bsi mé hinh hoi quy.

Cac yéu t6 tuyén tinh A, B va C déu anh hudng cé y
nghia théng ké dén ham lugng flavonoid toan phan
(P < 0,05). Trong d6, anh hudng bac hai ctia néng do
ethanol (C*) 1a manh nhét (P < 0,0001), cho thdy néng d6
dung moi déng vai trd quan trong trong qua trinh chiét
flavonoid tUr o 1a dira. Bén canh d6, cac tuong tac AB va
AC c6 y nghia thong ké (P < 0,05), trong khi tuong tac BC
khong cé y nghia théng ké (P > 0,05).

Cac d6 thi bé mat dap ting va dudng déng muc (hinh
3) cho thdy su tuong tac gilta cac yéu t6 khao sat anh
huéng dang ké dén ham lugng flavonoid toan phan. Ham
lugng flavonoid tang khi cac yéu t6 khao sat tang dén
mot gidi han nhat dinh, sau d6 gidam do anh hudng bat Igi
cta nhiét doé cao hodc su thay déi dd phan cuc cta hé
dung moi.

Két qua t6i uu hoa bang phuong phap ham mong dai
(desirability function) cho thay diéu kién chiét thich hop
dé thu nhan flavonoid tu ¢4 14 dita nam trong vung khao
sat gbm nong do ethanol khoang 50%, nhiét dé chiét
khodng 60°C va ty lé nguyén liéu/dung moi khodng 1:25
(g/mL). K&t qua kiém chiing thuc nghiém cho thay ham
lugng flavonoid toan phan thu dugc sai khac khéng dang
ké so vai gia tri du doan cia mé hinh, chiing td mé hinh
€6 d6 tin cay va kha nang ung dung trong du doan hiéu
suat chiét flavonoid tur Enhalus acoroides.
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Hinh 3. B& mat dap ting ham lugng flavonoid

(@) Md hinh tuong tic gia nhiét do tach chiét va ti 18 DM/NL
(Nong do dung moi dugc giit & muic toi vu); (b) MO hinh tuong tac nhiét do chiét
vandng do dung mai (ti 18 DM/NL dugc giir & muc t6i uu); (c) M hinh tuong tac
ti 18 DM/NL va ndng @6 dung mai (nhiét do chiét dugc git & mdc toi uu)

R2=1— SSResidual
SSTotal
, . 304422
~ 201800
R? = 0,9849 =~ 98,49%
Adj —R2=1-— MSResidual
SSTotal/(n - 1)
Véin=17

Adj — R? ~ 0.9654 ~ 96,54%

Hé s6 xac dinh clla mé hinh dat R* = 0,9846, cho thay
98,46% su bién thién ctia ham lugng flavonoid dugc giai
thich bai mo hinh hoéi quy.

Bé& mat dap ung va dudng dong muc (hinh 3) cho thay
su tuong tac gilia cac yéu té khao sat anh hudng dang ké
dén ham lugng flavonoid toan phan. Ham lugng
flavonoid tang khi néng dé ethanol va nhiét d6 chiét tang
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dén mét gidi han nhat dinh, sau dé giam khi cac yéu to
nay ti€p tuc tang, phan anh su ton tai clia vung téi uu
trong pham vi khao sat.

St dung phuong phdp ham mong dgi (desirability
function) trén phan mém Design-Expert 7.0 dé t6i uu hoa
dong thoi cac yéu to khao sat. K&t qua cho thdy diéu kién
téi uu clda qua trinh chiét flavonoid tur c6 la dira gom:
néng d6 ethanol khoang 50%, nhiét dé chiét khoang 60°C
va ty 1&é nguyén liéu/dung méi khoang 1:25 (g/mL). Dudi
cac diéu kién nay, ham lugng flavonoid toan phan dat gia
tri cao nhat trong pham vi khao sat.

Két qua thuc nghiém kiém chuing tai diéu kién t6i uu
cho gia tri ham luong flavonoid toan phan sai khac khong
dang ké so vai gia tri du doan ctia mé hinh, ching té mé
hinh héi quy xay dung c6 d6 tin cay cao va cé thé dugc su
dung dé du doan hiéu suat chiét flavonoid tu Enhalus
acoroides.

4. KET LUAN

Nghién ciu da khdo sat anh hudng clla dung mai,
nong dé ethanol, nhiét dé chiét, thoi gian chiét, ty lé
nguyén liéu/dung méi va s6 lan chiét dén qua trinh thu
hoi flavonoid tur co 14 dura (Enhalus acoroides). Trén co s&
két qua khao sat don yéu to, cac bién quan trong dugc toi
uu héa bang phuong phap bé mat dap ting (RSM) theo
thiét ké Box-Behnken.

Mo hinh hoi quy thu dugc c6 y nghia théng ké cao (P
<0,0001;R*=0,9846), cho thay kha ning dy doan t6t ham
luong flavonoid toan phan. DBiéu kién chiét t6i uu dugc
xac dinh gém ethanol 50%, nhiét d6 60°C, thai gian 90
phat, ty I& nguyén liéu/dung méi 1:25 (g/mL) va 3 lan
chiét. Dudi céc diéu kién nay, ham lugng flavonoid toan
phan dat gia tri cao nhat.

LOI CAMON

Nhom tac giad xin tran trong cdm on Vién Han lam Khoa
hoc va Céng nghé Viét Nam da cap kinh phi cho dé tai :
Nghién cttu thanh phan héa hoc va hoat tinh sinh hoc cé
I& dira Enhalus acoroides (Lf.) Royle theo dinh hudng
khdng khuan va chéng oxy hoéa ng dung trong my
phdm, ma s6 VAST06.03/24-25.
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