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ABSTRACT

Response surface methodology was applied to examine the influence of
the extraction parameters on the total polyphenols content (TPC), and
total flavonoids content (TFC) of extracts from Oroxylum indicum L.
leaves (OIL). The optimal conditions for TPC and TFC included the
ultrasonic temperature of 59°C, the ethanol concentration of 69%, the
ultrasonic time of 11 min, and the material/the solvent ratio of 1/25 (w/v).
The verification of the experimental process was done at the previously
defined optimal conditions. The experimental values (TPC=215.47+1.03
mg GAE/g extract; TFC=158.01+1.12 mg QE/g extract) showed good
agreement with the predicted the values (TPC=214.09 mg GAE/qg extract;
TFC=158.77 mg QE/g extract). The antibacterial activity of the OIL
optimal extract was investigated against five strains of Vibrio spp. (VC-
1, VC-2, VC-3, VC-4, and VC-5). The OIL optimal extract exhibited
strong antibacterial activity against Vibrio spp, with the minimum
inhibitory concentration (MIC) ranging from 320 to 640 ug/mL. The study
results also showed that the minimum bactericidal concentration (MBC)
of the OIL optimal extract ranged from 640 to 1280 ug/mL.

TOM TAT

Phwong phap dap ing bé mat dwgc dp dung dé kiém tra anh hudng cia
cde yéu to chiét xudt dén ham hrong polyphenol (TPC) va ﬂavonozd (TFC)
trong ld niic ndc (LNN). Diéu kién toi wu dwoc xdc dinh dé chiét xuat TPC
va TFC la: nhiét do 59°C, ethanol 69%, thoi gian 11 phut va ty ¢ nguyén
liéu/ dung méi la 1/25 (w/v). Qud trinh chiét xudt dwoc xdc minh & cdc
diéu kién 16i wu dd dwoc xdc dinh. Cdc gia tri thuc nghiém
(TPC=215,47+1,03 mg GAE/g cao chiét; TFC=158,01+1,12 mg QF/g
cao chiét) cho thdy sw phit hop tot véi gid tri dw dodn (TPC=214,09 mg
GAE/g cao chiét; TFC=158,77 mg QF/g cao chiét). Hoat tinh khdng
khudn ciia cao t6i wu LNN dwoc nghién ciru chong lai nam ching Vibrio
spp. (VC-1, VC-2, VC-3, VC-4, va VC-3). Cao t6i uu LNN cé hoat tinh
khang khudn manh chong lai Vibrio spp. Nong dé e ché ti thiéu ciia cao
toz uu LNN dao dong tir 320 dén 640 ,ug/mL Két qua nghién ciru cho thay
nong dé diét khudn t6i thiéu cia cao t6i wu LNN dao dong tir 640 dén
1280 ug/mlL.
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1. GIOI THIEU

Hién nay, glong Vibrio dang tr¢ thanh tam diém
trong nudi trong thuy san, hau hét cac loai thudc
gidng vi khuan nay déu 1a nhiing tic nhan gy bénh
nguy hiém trén t6m, c4. Vi khuan Vibrio vulnificus
gdy bénh nhiém khuan mau ca chinh (Elgendy et al.,
2016); vi khuan Vibrio parahaemolyticus la tac
nhan giy ra hoi chimg tom chét som (Early
Mortality Syndrome-EMS), hoi chirng hoai tir gan
tuy cap tinh (Acute Hepatopancreatic Necrosis
Syndrome-AHPNS) (Santos et al., 2020), bénh phat
sang ¢ au trung tom su va cac véan dé ngo doc thyuc
pham trén ngudi; Vi khuan Vibrio alginolyticus gay
bénh trén tom thé chan trang (Liu et al., 2004). Su
bung phét dich bénh lién quan dén sy gia tang ty I¢
cac loai Vibrio gay bénh trong nudc ao nudi (Sung
et al., 2001). Ngoai ra, hon hang chuc loai vi khuan
thugc giéng Vibrio 1a nguyén nhan gy bénh trén
nguoi (Austin et al., 2005; Scallan et al., 2011). Cac
bénh nay thuong lién quan dén viéc an hai san chua
nau chin, st dung ngudn nuée nhidm khuan hoic
tiép xuc vét thurong hd v6i méi truong nhiém khuan
(Dechet et al., 2008). Cac loai Vibrio giy ngd doc
thuc pham & ngudi bao gdm V. parahaemolyticus,
V. cholerae, V. vulnificus va V. mimicus (Cazorla et
al., 2011; Newton et al., 2012). Do nhiing dac tinh
gdy doc nay, Vibiro spp. 1a mot trong nhimg ddi
tuong da va dang dwoc quan tam trong cac nghién
clru tim vat ligu khang khuan méi.

Thyc vat 1a nguon nguyén liéu phong pha cho
cac nghién ctru tim cac hoat chat khang khuan tiém
ning (Yaquba et al., 2020). Nhiéu loai thyc vat di
duoc chimg minh ¢6 nhiéu hop chit vai hoat tinh
sinh hoc da dang khac nhau: khang oxy héa, khang
viém va khang ung thu (Wu, 2002). Cay nic nac
(Oroxylum indicum L.) 1a mét trong nhiing loai thyuc
vat da dugc chirng minh cac dac tinh sinh hoc nay
(Trang va ctv., 2019). Trong y hoc déan gian, ciy nuc
nac c6 tac dung khang viém, tri ngira, chira kiét ly,
tiéu chay, ho, dau vi, mun nhot, séi dau, sét phat
ban, viém gan, dau mit do, eczema, cham hoa cac
ndt san, viém da co dia, t6 dia, a sung (Loi, 2006).
Thanh phan hoéa hoc ciia cay niic nac da dugc cong
bé, bao gdbm céc hop chit c6 hoat tinh sinh hoc nhu:
polyphenol (TPC), flavonoid (TFC), tannin,
alkaloid (Trang va ctv., 2019). Qua cac nghién ctru
vé hoat tinh sinh hoc, c6 thé thiy tat ca cac bo phan
Cta cdy nuc nac déu s hitu gia tri dugc liéu nhu:
khang khuén, khang oxy hoa, khang nim, khang
viém, khang ung thu va khang dai thao duong in
vitro (Trang va ctv., 2019; Trang va ctv., 2020). Cac
hoat tinh sinh hoc cua cay niic nac c6 lién quan mat
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thiét ¢én ham lugng TPC (Total Phenolic Content -
TPC) va ham lugng TFC (Total Flavonoid Content
- TFC) (Trang va ctv., 2019). Viéc xac dinh diéu
kién ly trich t6i uru sao cho dat dugc ham lugng cao
polyphenol va flavonoid trong cao chiét ntic nac 1a
can thiét, c6 y nghia thuc tién cho cac nghién cuu
tiép trong viéc phat trién vat lidu khang khuan tir ty
nhién.

TPC va TFC trong qua trinh ly trich c6 thé bi anh
huéng bai nhidu yéu t6 khac nhau. Trong d6, dung
moi, thoi gian, nhiét do, ty 1€ nguyén liéu/dung moi
dugc xem la nhitng yéu té chinh anh huéng dén TPC
va TFC. Trong tinh hudng nay, khi ¢6 nhiéu bién
anh huong dén qua trinh ly trich thi phuong phép
luan bé mat dap ung (Response Surface
Methodology, RSM) 1a mot ky thuat phii hop dé toi
uu héa quy trinh ly trich (Bas & Boyaci, 2007).
RSM 1a mot phuwong phéap dé thiét ké cac thi nghiém
thong ké, mo hinh hoa céc qué trinh, xac minh ¥
nghia thong ké cuia cac bién doc lap va dugc sir dung
dé dat dwoc cac didu kién hoat dong t6i wu trong
nhiéu nghién ctru ly trich (Sarfarazi et al., 2015).
Trong RSM, thiét ké Box-Behnken 1a mét trong
nhitng mo hinh phd bién nhat dé xac dinh cac diéu
kién tdi wu. Box-Behnken 12 mot mé hinh rat hiéu
qua vi yéu cau sb 1an chay nho. N6 1a mot giai phap
thay thé quan trong dé tranh cac thi nghiém tén thoi
gian. Do d6, Box-Behnken dugc ap dung rong rai
trong cac quy trinh ly trich mot chat hoic nhom chat
tir nguyén liéu thuc vat cu thé (Sun et al., 2010; Shao
et al., 2011; Sheng et al., 2013).

Trong nghién cttu nay, md hinh Box-Behnken
duoc st dung trong viéc tdi uu hoa quy trinh chiét
Xuét cao chiét giau TPC va TFC tir 14 cdy nuc néc.
Trong do, cac cao chiét thu duoc c6 ham lugng TPC
va TFC cao, ¢ hiéu qua khang khuan hiéu qua trén
cac dong vi khuén Vibrio dwoc phan 1ap tir gan tuy
cua tom bénh.

2. PHUONG PHAP NGHIEN CUU
2.1. Vit li¢u nghién ciru

L4 cay nuc nac dugc thu tai nui Cam, huyén Tinh
Bién, tinh An Giang. Nam dong vi khuén Vibrio spp.
dugc ky hiéu lan luot 1a VC-1, VC-2, VC-3, VC-4
va VC-5. Cac dong vi khudn nay dwoc phan 1ap tir
mau t6m thé chan tring nhiém bénh hoai tir gan tuy
cép tinh. Mau tom bénh dugc cung cap tir Cong ty
trach nhiém hitu han Phat trién Khoa hoc Quéc té
Trudng Sinh, chi nhanh tai tinh Sé¢ Trang. Vi khuan
dugc phan 1ap trén moi truong chon loc TCBS agar
(Thiosulfate-Citrate Bile-Sucrose Agar) tai phong
thi nghiém Nghién ctru va Phat trién Dugc liéu, Bo
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mon Sinh‘hc_)c, Khoa Khoa hoc Tu nl}ién, Truong
Pai hoc Can Tho. Hoat tinh khang khuan dugc khao
sat trén moi treong LB agar (Luria Bertani Agar).

Hoa chat: Azithromycin (Siam Agriculture
Matketing, Thailand), ethanol (Cemaco), Na,COs
(Xilong), gallic acid (Merck), quercetin (Merck),
Folin-Ciocalteu’s phenol reagent (Merck), NaNO;
(Xilong), AICI3.6H0 (Xilong), dimethyl sulfoxide
(Merck), Luria Bertani broth (Himadia, An Do),
Thiosulfate-Citrate Bile-Sucrose Agar (Himadia,
An D06) va resazurin sodium salt (Sigma-Aldrich).

2.2. Phuong phap nghién cuu
2.2.1. Thu mdu va xir [y mau

La ntc nac (LNN) tuoi (3.750 g) dugc rira sach
va siy kho ¢ 60°C. LNN kho duoc xay nhuyén thanh
bot duoc liéu (890 g). Po 4m trong mau bot duoc
lieu LNN 1a 7,34+0,21%, duoc xac dinh dua theo
huéng dan cua Duogc dién Viét Nam V (Bo Y Té,
2017). Bot dugc lidu dat tiéu chuan c6 do am < 9%
s& duoc trir lai va s dung trong cac khao sat tiép
theo.

2.2.2. Khdo sdt anh hwéng cua cdc yéu té don

dén qud trinh ly trich TPC va TFC

Nhiét do siéu am: Bot duoc lidu LNN dugc
ngam trong ethanol 90% (v/v) vé6i ty 1€ nguyén
liéu/dung moi 1a 1/10 (w/v). Sau d6, hon hop duoc
danh siéu v6i tan s b dinh 1a 40 kHz bang may rira
siéu 4m gia nhiét (Derui DR-MH30, Trung Quéc)
trong 5 phut ¢ cac ngudng nhiét do khac nhau tir 30,
40, 50, 60, 70, 80 dén 90°C.

Thoi gian siéu am: Bot dugc litu LNN dugc
ngam trong ethanol 90% (v/v) voi ty 1€ nguyén
liéu/dung moi 1a 1/10 (w/v). Sau d6, hon hop duogc
danh siéu v6i tan s b dinh 13 40 kHz bang may rira
siéu 4m gia nhiét (Derui DR-MH30, Trung Quéc) &
30°C trong thoi gian tur 5, 10, 15, 20, 25, 30 va 35
phut.

Nong dé ethanol: Bot dugc liéu LNN duge ngdm
trong ethanol co n6ng do tu 40, 50, 60, 70, 80, 90
dén 99,5% (v/v) Vvéi ty & nguyén liéu/dung moi 1a
1/10 (w/v). Sau d6, hdn hop dugc danh siéu vai tan
$6 ¢6 dinh 1a 40 kHz bang may rira siéu 4m gia nhiét
(Derui DR-MH30, Trung Quéc) & 30°C trong thoi
gian 5 phut.

Ty I¢é nguyén liéu/ dung méi: Bot duogc liéu LNN
duogce ngdm trong ethanol 90% (V/v) véi ty 1€ nguyén
liéu/dung méi lan luot tir 1/10, 1/15, 1/20, 1/25,
1/30, 1/35 dén 1/40 (w/v). Sau do6, hdn hop dugc
déanh siéu véi tan sé ¢b dinh 1 40 kHz bang may rira
siéu 4m gia nhiét (Derui DR-MH30, Trung Quéc) &
30°C trong thoi gian 5 phut.

104

Tdp 58, S6 chuyén dé: Khoa hoc tur nhién (2022)(2): 102-113

Sau d6, dich chiét duoc loc qua gidy loc va tién
hanh ¢6 dudi dung méi dé thu liy cao chiét. Cac cao
chiét s& duogc st dung dé dinh lwong TPC va TFC
theo mo ta trong muc 2.2.4.

2.2.3. Xdy dung quy trinh ly trich t6i wu TPC
va TFC

Dua trén két qua khao sat anh huéng caa cac yéu
t6 don dén TPC va TFC, cac yéu té don c6 anh
hudng d&én TPC va TFC duoc chon vao trong khao
sat tbi wu. Phan mém Design expert 11.0 dwoc sir
dung véi mo hinh Box-Behnken. Tong sé nghiém
thirc 1a 17 (5 nghiém thic trung tim). Bién doc lap
duogc dy kién khao sat 1a nhiét do ly trich, thoi gian
ly trich, ndng do ethanol hoic ty 1& nguyén liéu/
dung méi. Bién phu thudc 1a TPC va TFC. Sau khi
da thyc hién cac nghiém thitc ma moé hinh thi
nghiém dua ra, cao chiét thu dugc tir cac nghiém
thirc s& dwoc tién hanh dinh lwong TPC va TEC.
Ddng thoi, cac diéu kién nhiét do, thoi gian, dung
moi va ty 18 nguyén liéw/ dung mai tdi uvu dwoc kiém
ching t6 hop nhu mé hinh thiét ké dua ra.

2.2.4. Phuong phap dinh luwong TPC va TFC

Pinh lwong TPC téng bang thuéc thir Folin-
Ciocalteu

TPC duoc xac dinh theo phuong phap cua
Singleton et al. (1999) c¢6 hiéu chinh. Hon hop phan
g gém 250 pL cao chiét pha trong 250 pL nudc
va 250 pL thude thir Folin-Ciocalteu rdi lic déu. Sau
d6, hdn hop duoc thém vao 250 uL NaCOs 10% roi
i 30 phat & 40°C trong bé 6n nhiét. Do hip thu
quang pho caa hdn hop phan g duge do & budc
song 765 nM. Gallic acid dugc sir dung nhu chét ddi
ching duong dé xdy dung phuong trinh dwdong
chudn. TPC trong cac cao dugc liu duoc xac dinh
dwa trén phuong trinh dwong chuan gallic acid
(GAE).

Phuwong phap dinh lwong TFC

TFC dugc xac dinh bang phuong phap so mau
AICl; cia Sultana et al. (2007) c¢6 hiéu chinh. Hon
hop phan tng gém 1 mL cao duoc liéu pha trong 1
mL nudc roi lic déu. Sau d6, hdn hop phan ung
dugc thém vao 200 uL NaNO, 5%, sau 5 phut tiép
tuc thém 200 pL AICl; 10%, lic déu. Hon hop phan
ung sau khi u 6 phut s€ dugc thém 2 mL NaOH 1 M.
Cubi cung, nudc duge thém vao cho du 5 mL va do
d6 hip thu quang phd & budc séng 510 nM.
Quercetin duoc sir dung nhu chét ddi ching duong.
TFC toan phan trong cac cao dugc liéu duge xac
dinh dya vao phuong trinh dudng chuan quercetin

(QE).
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2.25. Khao sdt kha ning khang mét so dong
vi khuan Vibrio spp.

Sau khi da x4c dinh dugc diéu kién chiét xuat
cao chiét chra TPC va TFC t6i wu (phuong phap
chiét, nhiét do, thoi gian, dung moéi, ty 1¢ dung
moi/nguyén ligu), cac didu Kién nay s& dugc ap dung
trong qué trinh ly trich cao t6i wvu LNN. Hoat tinh
khang khuan cua cao chiét dugc tiép tuc khao sat
trén mot s6 dong vi khuan Vibrio spp.

Phirong phdp phdn Idp Vi khudn Vibrio spp.

Mau tom bénh hoai tir gan tuy cip tinh cung cap
tir Cong ty trach nhiém hitu han Phat trién Khoa hoc
Quéc té Truong Sinh (Séc Tring) dugc sir dung lam
nguodn phan 1ap vi khuan. Tém bénh duoc giai phau
tach 1dy 0,1 g gan, tuy cho vao éng eppendorf vo
trang chira 900 pL nuwéc mudi sinh 1y 0,85% va
nghién. Sau do, 100 uL dung dich miu duoc trai déu
trén nén moi trudng TCBS agar. Sau do, cac dia
petri dugc u & nhiét do6 30°C trong thoi gian tir 24
dén 48 gid. Cac khuan lac c6 hinh thai dic trung:
tron, 16i hodc 16m, dudng kinh tir 0,5 ¢én 3 mm, mau
xanh hay vang lan luot duoc cdy ria sang cac dia
petri chira méi truong TCBS agar. Mau tlep tuc
duoc u ¢ nhiét do 30°C, quan sat su _phat trién cua
khuan lac trong 24 gio va tiép tuc cdy chuyén trén
moi trudng TCBS agar cho dén khi thu duge cac
dong vi khuan Vibrio spp. thuan chang (Duy va ctv.,
2019). Cac dong vi khuan Vibrio spp. s& dugc ghi
nhan dac dlem hinh thai khuan lac (hinh dang, kich
thude, mau sic, dang bia, d6 nbi) va giri mau giai
trinh ty gene 16S rRNA tai Cong ty trach nhiém hiru
han thuong mai va dich vu Nam Khoa (dia chi:
793/58, Tran Xuan Soan, phudong Tan Hung, quan
7, thanh ph Ho Chi Minh) bang doan mdi cua Sun
et al. (2009) sir dung:

5’-TGGATGTAAATGAGTTTGG-3’;

5’-CGTTACGATTATTTGATAG-3".

Céc dong vi khuan Vibrio spp. duoc ky hiéu nhur
sau: Vibrio sp. VC-x v&i VC: Vinh Chau, x: thir tu
dong vi khuan phan 1ap.

Xdc dinh kha nang khdng vi khudn Vibrio spp.
cua cao toi wu LNN

Kha ning khang vi khuan Vibrio cua cao chiét
LNN giau TPC va TFC dugc xac dinh dya trén sy
hinh thanh vong khang khuan xung quanh giéng
thach nho cao chiét. Dich vi khuan véi mat s6 106
CFU/mL dugc trai déu trén bé mit dia thach Luria
Bertani (LB) véi thé tich dich khuan 1a 100 uL. Céc
dia petri chira vi khuan duoc duc 15 tao giéng thach
¢6 duong kinh 7 mm, sau d6, 50 pL cao chiét ti vu
LNN & cac ndng d6 khac nhau dugc nho vao mdi
giéng. Pudng kinh vong khang vi khuan dugc do
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bang thudc do don vi mm (khong bao gdm duong
kinh giéng thach 7 mm), sau 24 gio & mau & nhiét
d6 30°C (Ngan et al., 2012).

Xac dinh nong dg irc ché toi thiéu (Minimum
Inhibitory Concentration, MIC) va nong do diét
khuén téi  thigu  (Minimum  Bactericidal
Concentration, MBC)

Céc gia tri MIC va MBC duogc xac dinh dya vao
chat chi thi mau resazurin. Thi nghiém dugc thuc
hién trén dia 96 giéng, mdi giéng chira hdn hop 50
uL cao t&i vu LNN va 50 pL dich vi khuén (mat s6
tuong duong 108 CFU/mL). Cac giéng ddi chung
chtra hon hop dich vi khuan moi truong nudi cay va
DMSO 10%. T4t ca cac giéng thir nghiém dugc o &
37°C. Sau 24 gio, 20 uL thudc thir resazurin 0,01%
duge cho vao mdi giéng. Nong d6 cao chiét thip
nhat ma thuoC thir resazurin van c6 mau xanh dugc
ghi nhan 1a ndng d6 tc ché t6i thiéu MIC (ug/mL).
O céc giéng khong co sy d6i mau ciia resazurin (cac
giéng c6 mau xanh), 10 pL dich thir nghiém duoc
nho 1én cac dia moi truong LB. Cac dia thach duoc
i & 30°C trong 24 gio. Nong d6 cao chiét thip nhat
ma khong xuat hién khuan lac tai vi tri nho giot dugc
x4c dinh 14 nong d6 (ug/mL) diét khuan t6i thiéu
(MBC) (Ngan et al., 2012).

Trong cac thir nghiém khang khuan ¢ trén, thudc
thwong mai Azithromycin (1a thudc chuyén dung
diéu tri bénh trén thay san do Vibrio spp.) duoc sir
dung l1am dbi ching dwong. Gia tri MBC va MIC
cua cao tdi vu LNN duoc so sanh vé6i hoat tinh cua
Azithromycin va cao chua t6i vu LNN. Cao chua tdi
wu LNN 14 cao dwoc chiét xuit trong didu kién chua
t6i wu, c6 sy hd tro cua song sidu 4m, st dung
ethanol 90% (v/v), nhiét do chiét 30°C, thoi gian
siéu 4m 5 phut va ty 1€ nguyén liéu/dung moéi la 1/10
(W/v). Trong pham vi bai viét, cao chwa t&i vu LNN
duoc goi la cao LNN.

2.2.6. X Iy va phan tich s6 liéu

Céc thi nghiém dwoc lap lai 3 1an. S6 liéu duoc
trinh bay dud¢i dang MEAN+SEM. Két qua dugc xir
1y théng ké theo phuong phap ANOVA (klem dinh
Tukey’s) bang phian mém Minitab 16.0. va t6i wu
hoa mé hinh ly trich bing phan mém Design expert
11.0.

3. KET QUA VA THAO LUAN
3.1. Kétqua khio sat dnh huéng ciia cdc
yeéu to don dén TPC va TFC
Két qua trinh bay trong Hinh 1A cho thiy, su két
hop gitra dung moi ethanol va nude c6 anh huong
dang ké den TPC va TFC. Cuy the, TPC ting tur
41,58+0,57 mg GAE/g ¢ nong d6 ethanol 40% dén
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67,38+0,43 mg GAE/g cao chiét & nong d6 ethanol
70%. Tuwong ty nhu polyphenol, TFC ly trich dugc
tir LNN ciing tang lién tuc tir 20,40+1,00 mg QE/g
cao chiét & nong do ethanol 40% dén 39,73+2,08 mg
QE/g cao chiét & nong d¢ ethanol 70%. TPC va TFC
dong thoi giam khi nong do ethanol vuot qua 70%.
Diéu nay ching to rang, cac dang TPC va TFC trong
LNN hoa tan nhiéu trong dung méi ethanol 70%. Do
d6, dung moi ethanol c6 nong do tir 60% dén 80%
da dugc chon cho céc thi nghiém téi wu hoa tiép
theo.

Tir két qua cta nhiéu nghién ctiu, c6 thé chimng
minh, téc do6 chuyén dong cua phan tu, téc do
khuéch tan va hoa tan ciia cac hop chét ting nhanh
khi tang nhiét do siéu am. Sy gia tang nhiét dd phu
hop co6 thé lam ting hiéu qua ly trich do lam giam
d6 nhét, ting kha ning tham thau cia dung méi vao
té bao, tang kha nang hoa tan vai hé s6 khuéch tan
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clia cac hop chat dugc ly trich (Zhang et al., 2018).
Tuy nhién, cac hop chit thudc nhém TPC va TFC
ciling rat dé bi oxy héa hay bi phan hay & nhiét do ly
trich khong thich hop (Zhang et al., 2018). Nhiét do
ly trich mang lai ca hai tac dong tang cuong va giam
thiéu hiéu suat qua trinh trich ly. Dua vao két qua
trinh bay trong Hinh 1B, nhiét d6 siéu am dugc xac
dinh c6 anh huéng dang ké dang ké dén TPC va
TFC. Cu thé nhu sau: TPC va TFC tang khi nhiét do
siéu am ting lién tuc tir 30°C dén 60°C. TPC ting tir
57,04+0,37 & 30°C dén 69,88+0,77 mg GAE/g cao
chiét & 60°C. Trong khi d6, TFC ting tir 26,40+1,00
& 30°C dén 42,40+1,00 mg QE/g cao chiét & 60°C.
Tuy nhién, TPC va TFC bat dau giam & 70°C. Tir
két qua nay cho thay, nhiét do cao s& lam giam TPC
va TFC (Sheng et al., 2013; Wang et al., 2017). Do
d6, pham vi nhiét d¢ siéu am tir 50°C dén 70°C da
dugc chon cho cac thi nghiém khao sat tiép theo
trong phan ti wu héa quy trinh.
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80 70
-~ o 60 | e ==
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Thaoi gian (phut) TV 1€ nguyén li¢u liéu/dung méi (w/v)

——Polyphenol (mg GAE/g cao chiét)

——Flavonoid (mg QE/g cao chiét)

Hinh 1. Ham lwgng TPC (mg GAE/g cao chiét) va TFC (mg QE/g cao chiét) dwge ly trich & cac diéu
kién khac nhau tir LNN

Ghi chii: A-Anh hiong cia ty 1é nguyén liéu/dung méi dén TPC va TFC; B-Anh huong cianong dg ethanol dén TPC va
TFC; C-Anh huong cua nhiét do dén TPC va TFC; D-Anh hwong cua thoi gian dén TPC va TFC

Thoi gian siéu am 1a mot yéu té quan trong anh
huong truc tiép dén TPC va TFC trong qua trinh ly
trich (Md Yusof et al., 2019). Qua Hinh 1C, ¢6 thé
thay, thoi gian siéu 4m c6 tac dong dang ké dén TPC
va TFC. Khi thay d6i bién doc lap (thoi gian siéu

am) tr 5 phat dén 35 phut, bién phu thuge (TPC va
TFC) dat mic tdi da trong mot khoang thoi gian
ngén (10 phat). Sau d6, bién phu thudc giam khi kéo
dai thoi gian siéu am. Cuy thé, sau 10 phit siéu am,
TPC dat 69,61+1,19 mg GAE/g cao chiét va sau d6
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giam lién tuc xubng con 53,19+1,61 mg GAE/g cao
chiét & 35 phut. TFC thu dugc sau 5 phut siéu am 1a
25,40+1,00 mg QE/g cao chiét tang 1én 41,40+2,65
mg QE/g cao chiét sau 10 phut siéu am. Twong tu
nhu TPC, TFC ¢6 xu huéng giam dan khi ting thoi
gian siéu am. Co thé nhan dinh, cac hop chét thuoc
nhém TPC va TFC dugc giai phong nhanh chong
trong mot thoi gian ngan thyuc hién siéu am. Ngoai
ra, cac hop chat thuoc nhom TPC va TFC c6 thé bi
phén huy va tao nhii tuong khi kéo dai thoi gian siéu
am (Lai et al., 2014; Tomaz et al., 2016). Do do, thoi
gian siéu 4m trong khoang thoi gian tir 5 dén 15 phut
da duoc chon cho cac thi nghiém t6i wu hoa tiép
theo.

Trong cac yéu anh hudong dén qua trinh ly trich,
ty 1& nguyén liéu/dung méi ¢6 lién quan dén dién
tich tiép xtic giita vat liéu va dung méi, tir d6 co anh
huéng dén viéc ly trich TPC va TFC. Hinh 1D cho
thiy, TPC va TFC ly trich tir LNN ting 1én khi ting
ty 18 nguyén liéu/dung méi. TPC va TFC ting dan
tir ty 1€ nguyén liéu/dung méi 1 1:10 (w/v) dén 1:25
(W/v), khac biét co y nghia vé mat thong ké
(p<0,05). Sau do, TPC, TFC ly trich dugc voi ty 1é
nguyén liéu/dung mai 1a 1:25 dén 1:40 (w/v) thay
d6i khong dang ké (p>0,05). Nhiing két qua nay
chang minh rang bot dugc liéu LNN duoc phéan tan
hoan toan trong dung méi ethanol véi ty I& nguyén
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liéu/dung méi cao, do d6 dién tich tiép xtc 16n hon
dé tang cudng qua trinh ly trich. Tuy nhién, khi thé
tich ethanol ting lién tuc, dién tich tiép xuc dat dén
d6 bao hoa lam cho TPC va TFC thu dugc khong
thay ddi nhiéu (Tabaraki and Nateghi, 2011). Do do,
ty 1& nguyén liéw/ dung médi dugc chon ¢b dinh 1a
1/25 (w/v) dé khao sat cho cac thir nghiém téi uu
hoéa.
3.2. Két qua tbi wu héa quy trinh chiét xuat
TPC va TFC tir LNN

Trén co s& khao sat cac yéu té anh huong dén
diéu kién ly trich TPC va TFC bang phuong phap
chiét siéu am, c6 thé thay, ndng do ethanol, nhiét do
va thoi gian siéu 4m 1a nhiing yéu té ¢6 anh huong
nhiéu dén qua trinh ly trich TPC va TFC trong bot
duoc liéu LNN. Phuong phap bé mit dap wng theo
thiét ké thi nghiém Box-Behnken vai ba bién, ba cip
d6 duoc sir dung dé xay dung quy trinh tdi uu héa
ly trich TPC va TFC tir bot dugc liéu LNN.

Két qua trong Bang 1 cho thiy cac nghiém thuc
trung tam (nghiém thirc 13 dén 17) déu cho TPC,
TFC cao hon, khéc biét co y nghia vé mat thong ké
(p<0,05) so véi cac nghiém thac con lai. Trong do,
TPC (213,80+0,21 mg GAE/g cao chiét) va TFC
(159,07+4,93 mg QE/g cao chiét) & nghiém thirc 17
1a cao nhét.

Bang 1. Két qua thuc nghiém, du doan ham legng TPC va TFC

Nghiém Cic bién dgc lap

Ham lwgng TFC

Ham lwong TFC

thire (mg GAE/g cao chiét) (mg QE/g cao chiét)

A (%, VIv) B (°C) C (phut) Thucnghiém Dwdoan Thuwc nghiém Dw doan
1 60 50 10 116,02%+1,90 116,56 86,40°+1,00 86,61
2 80 50 10 123,19%+0,74 123,36 91,07%+1,53 91,19
3 60 70 10 101,21M"+1,30 101,04 75,40+1,00 75,28
4 80 70 10 82,81+0,98 82,27 60,73%1,53 60,52
5 60 60 5 138,12%+1,30 137,83 102,07°+2,08 102,07
6 80 60 5 131,95%+0,93 132,03 96,40%+2,00 96,48
7 60 60 15 163,80°+1,54 163,72 120,40°+2,65 120,32
8 80 60 15 157,26°+1,11 157,55 115,73°+4,16 115,73
9 70 50 5 118,869+0,93 118,61 87,73%+2 08 87,53
10 70 70 5 80,59'+0,74 81,05 60,07%9+1,53 60,20
11 70 50 15  135,53%+0,77 135,07 100,07°+4,04 99,95
12 70 70 15 115,78%+1,61 116,02 85,07¢+3,21 85,28
13 70 60 10 212,078+£2,22 212,00 158,73%+2,52 157,27
14 70 60 10 211,58%+1,13 212,00 156,072+2 31 157,27
15 70 60 10 210,728+0,43 212,00 155,73%+3,21 157,27
16 70 60 10 211,83%+1,50 212,00 156,73%+4,51 157,27
17 70 60 10 213,802+0,21 212,00 159,07%+4,93 157,27

Ghi chu: A-N&ng dé ethanol (%, viv); B-Nhiét dg (<C); C-Thoi gian siéu dm (phit). Cdc gid tri ¢é mdu tir theo sau trong
cung mgt cot giong nhau khdc biét khong cé y nghia ¢ muc 5%.
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Dua vao cac gia tri thu nhan dugc tir Bang 1,
phan mém Design Expert 11.0 dugc sir dung dé tién
hanh ti wu hoa nhim xac dinh dwoc md hinh du
doan cua ba yéu t6 ma tai d6 TPC va TEC 1a cao
nhét. Phuong phap duoc ap dung 1 phan tich hdi
quy cac sb liéu thuc nghiém, thu dwoc mé hinh da
thirc bac hai du doan TPC va TFC nhu sau:

Y Polyphenol = -4321,7405+53,32335 x A +
86,90342 x B +20,07795 x C —0,063925 x A x B
—0,00185 x A x C+0,0926 x B x C —0,35549 x
A?-0,706415 x B> - 1,14666 x C2.

YFiavonoida = —3216,446 + 40,01245x A+
64,2701 x B+ 15,2394 x  C—-0,04835 x AxB+
0,005 x A xC +0,0633 x Bx C—-0,267255 x
A?-0,521405 x B*—0,87562 x C=.

Trong do, Y la TPC hoac TFC du dodn ly trich duoc
tir LNN; A4 la yéu té nong g ethanol (%, v/v); B la yéu té
nhiét dg (°C); C la yéu 16 thoi gian siéu am (phiit).

Phén tich ANOVA duoc sir dung dé danh gia mo
hinh thu duoc két qua thé hién trong Bang 2. Phuong
trinh hdi quy ciia TPC va TFC c6 dang ham bac 2 va
dat dwoc su trong quan kha tét voi phan tich phuong
sai c6 y nghia thong ké (p<0,05). Biéu nay cho thiy,
mé hinh nay phu hop va cé thé du doan chinh xac
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ham muc tiéu nghién ctru (TPC va TFC). Phuong
trinh TPC va TFC ciing cho thdy cac thong sb c6 thé
giai thich dugc sy thay d6i caa ham muc tiéu TPC
(R?=0,9998) va TFC (R?=0,9995) véi hé sb tuong
quan kha cao. Tir d6 cho thdy sy twong quan mat
thiét gitta TPC, TFC dy doan va TPC, TFC thu nhan
dugc trong thuc té. Néu chi xét vé hé sb twong quan
R2, mot mo hinh hdi quy da bién theo phuong phép
dap tng bé mat duoc xem la tot khi hé sé R? tdi thiéu
14 0,8; gia tri nay thdp hon nhiéu so véi R? ciia ham
muc tiéu TPC va TFC trong nghién ctu nay. Hon
nira, gia tri cia hé sé bién thién (CV) cua ham muc
tiéu TPC va TFC lan luot 1a 0,65% va 1,07%, cho
m6 hinh dé xuét nho hon 10% c6 do chinh xdc va do
tin cay cia qua trinh thir nghiém cao (Chen et al.,
2012). Céc hé s trong phuong trinh héi quy cua
TPC va TFC déu c6 sy khac biét co y nghia thong
ké (p<0,05), ngoai trir gia tri cua hé s6 thé hién su
tuong tac giira ndng do ethanol va thoi gian siéu am
(AC) (p>0,05). M6 hinh cta TPC, TFC c6 dang ham
bac 2 hoan toan phu thudc vao cac nhan t6 doc lap
nhu ndng do ethanol, nhiét do va thoi gian siéu am.
Dong thoi, mod hinh nay con cd su twong tac giita
ndng do ethanol vai nhiét do, giira nhiét d6 véi thoi
gian siéu 4m va khéng c6 sy trong tac giira nong do
ethanol véi thoi gian siéu am.

Béng 2. Phan tich cac hé s6 twong quan cia cac yéu t6 dén TPC va TFC

Phan tich ANOVA TPC Phan tich ANOVA TFC
Ngudn  Sum of Mean Sum of Mean
Df F-value p-value D F-value p-value
squares square squares square
Model 35827.25 9 398081 429773  <0,000119807.66 9 2200,85 158501  <0,0001
A 7164 1 71,64 7734  <0,0001 51,71 1 51,71 37,24 0,0005
B 1602,06 1 160206 172961  <0,0001 882,00 1 882,00 63520  <0,0001
C 132227 1 132227 142753  <0,0001 703,13 1 703,13 50638  <0,0001
AB 16346 1 16346 176,47  <0,0001 9351 1 9351 6734  <00001
AC 00342 10,0342 0,0369 0,8530 02500 1  0,2500 0,1800 0,6841
BC 8575 1 85,75 9257  <0,0001 4007 1 40,07 28,86 0,0010
A 532097 1 532097 574459  <0,0001 3007,38 1 3007,38 216586  <0,0001
B2 21011,46 1 2101146 2268424  <0,000111446,87 1 1144687 824383  <0,0001
c 346008 1 3460,08 373554  <0,0001 201766 1 2017,66 145308  <0,0001
Residual 648 7  0,9263 972 7 1,39
Eiatc"o‘c 137 3 04565 03570 07881 02451 3 00817 00345 09901
E‘r‘rrgr 511 4 1,28 N=17 CV=0,65% 947 4 237 N=17 CV=1,07%
Cor

Total

35833,73 16 R?=0,9998 R?aj=0,9996 R%c=0,9992 19817,38 16 R?=0,9995 R?4j=0,9989 R%.=0,9991

Ngoai ra, cac biéu dd bé mat dap ung 3D duogc
tao ra bang cach ¢ dinh mét yéu té & mirc 0, dong
thoi thay doi hai yéu t6 khac trong pham vi tham do.
Céc biéu d6 3D nay di mo ta tac dong tuong tic cua
cac yéu td dén TPC, TFC nhu dugc hién thi trong
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Hinh 2. Biéu d bé mat dap ung gitra nhiét do va
nong do ethanol dugc mo phong & Hinh 2.1 va Hinh
2.2. Tir day cho thay, TPC va TEC bi anh huong boi
néng dd ethanol va nhiét dg; ham lugng TPC va
TFC bét dau giam sau khi ndng d6 ethanol dat 70%,
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nhiét do dat 60°C. Viéc sir dung hon hop dung moi
(ethanol va nudce) c6 thé 1am ting TPC, TFC hoic
c4c hop chat c6 d6 phén cuc cao nhat va thip (Buci¢-
Koji¢ et al., 2007). Nhiét d6 siéu am duoc két hop
trong qua trinh ly trich lam cho d§ phan cuc cua
dung méi c6 thé giam va c6 thé phu hop véi hop chat
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muc tiéu. Vi thé, hdn hop dung méi ethanol va nudc
c¢6 thé cai thién hiéu qua cua qua trinh ly trich va
tang dién tich tiép xtic bé mat cho dung méi va bot
duoc liéu (Mohd-Setapar et al., 2014). Tir két qua
Hinh 2.3 dén Hinh 2.6, c6 thé thay, viéc kéo dai thoi
gian ly trich dan dén viéc giam TPC, TFC trong cao
LNN.
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Hinh 2. B& mit d4p tmg ham lwgng TPC va TFC ly trich tir LNN

Ghi chii: 1, 2-M6 hinh twong tac giita nhiét dg va nong dg ethanol anh huong dén TPC va TFC; 3, 4-M6 hinh twong tic
gira thoi gian va nong d¢ ethanol dnh huong dén TPC va TFC; 5, 6-M6 hinh twong tac giira thoi gian va nhiét do anh

hweéng dén TPC va TFC.

Dua trén cac két qua phan tich trén, phuong an
t6t nhét duoc dy doan dé ly trich TPC, TFC tir LNN
duoc trinh bay trong Hinh 3. Nhu vay, TPC, TFC
duoc ly trich t6i wu & ndng do ethanol 69,62%, nhiét
d6 siéu am 1a 59,07°C, thoi gian siéu 4m 1a 11,03
phut va ty 1€ nguyén liéu/dung moi la 1/25 (w/v).
Khi d6, TPC, TFC lan luot dat dwoc la 214,09 mg

GAE/g cao chiét va 158,77 mg QE/g cao chiét. Tur
két qua kiém tra bang thuc nghiém, TPC, TFC thu
duogc lan luot 1a 215,47+1,03 mg GAE/g cao chiét
va 158,01+1,12 mg QE/g cao chiét, khong khac biét
nhiéu so véi két qua dy doan. Cao chiét thu duoc 1a
cao toi wu LNN, dugc sir dung cho céc thi nghiém
sau.

.
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A:Ndng dé ethanol = 69.6157

B:Nhiét d6 = 59.0714
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Flavonoid = 158.772

Desirability = 0.998
Hinh 3. Ham ky vong va diéu ki¢n toi wu ham lwgng TPC va TFC3.3. Két qué phan 13p va khio sat
hoat tinh khang khuan ciaa cao toi wu LNN
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3.2.1. Két qua phdn Idp mét sé dong vi khudn
Vibrio spp.

Tir miu gan, tuy tom bénh, 5 dong vi khuén
Vibrio spp. dugc phéan 18p. Hinh thai cac dong vi
khuan nay duoc trinh bay trong Hinh 4. Trong d6,
cac dong vi khuan di phan 1ap duoc khao sat hinh
thai va giai trinh tu gene 16S rRNA.

Dong Vibrio sp. VC-1 (Hinh 4A) 14 vi khuén
Gram am, té bao hinh que ngin, c6 khuan lac tron,
bia nguyén, lai, mau xanh (24 gio cay) va chuyén
dan sang mau vang (sau 48 gio céy), duong kinh
khuan lac khoang 1,1 mm va c6 ty & twong dong
99,23%  (16S rRNA) véi  dong  Vibrio
paraheamolyticus ATCC 33125.

Dong Vibrio sp. VC-2 (Hinh 4B) la vi khuan
Gram am, té bao hinh que ngén, c6 khuan lac tron,
bia nguyén, lai, mau xanh (24 gi¢' cdy) va chuyén
dan sang mau nau (sau 48 gio cdy), duong kinh
khuan lac khOang 1,1 mm va c6 ty ¢ tuong dong
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98,16% (16S rRNA) vdéi dong Vibrio splendidus
ATCC 33125.

Dong Vibrio sp. VC-3 (Hinh 4C) 1a vi khuan
Gram am, té bao hinh que nge“in, ¢6 khuén lac tron,
bia ring cwa, md, mau xanh, dudng kinh khuan lac
khoang 1,3-1,5 mm va c6 ty 1& tuong dong 99,61%
(16S rRNA) v¢i Vibrio alginolyticus FIV2.

Dong Vibrio sp. VC-4 (Hinh 4D) 14 vi khuén
Gram am, té bao hinh que dai, co khuén lac tron, bia
nguyén, 1ai, mau vang (24 gio cay) va dan chuyén
sang mau xanh (sau 48 gid cdy), duong kinh khuan
lac khoang 1,1 mm va c6 ty 1é twong ddng 99,71%
(16S rRNA) vai Vibrio cholerae TS15-B.

Dong Vibrio sp. VC-5 (Hinh 4E) 1a vi khuan
Gram am, té bao hinh que ngan, khuan lac tron, bia
nguyén, 1ai, mau vang, duong kinh khuan lac tir
0,9dén 1,1 mm va c6 do twong dong 99,96% Vvéi
Vibrio paraheamolyticus ATCC 17802.

Hinh 4. Hinh thai cic dong vi khuan vi khuin Vibrio spp. trén méi trwong TCBS
A: VC-1; B: VC-2; C: VC-3; D: VC-4; E: VC-5

3.2.2. Két qua khdo sdt hoat tinh khéng khuan
Vibrio spp.

Hoat tinh khang vi khuan Vibrio spp. cua cao toi
uu LNN dugc xac dinh dya vao sy hinh thanh vong
khang khuan theo phuong phap khuéch tan giéng
thach trinh bay trong Hinh 5. Cao t6i vu LNN tao
dugce duong kinh vong khang khudn dao dong tir
10,00+0,57 dén 18,66+0,57 mm. Trong d6, véi nam
dong vi khudn duoc khao sat, cao tdi wu LNN thé
hién hoat tinh khang manh nhéat dong VC-1 va
khuan Vibrio sp. VC-3 véi duong kinh vong khang
khuan 1a 18,66£0,57 mm ¢ nong do 2560 pg/mL.
Puong kinh vong khang khuan cia cao téi uu LNN
1uén 16n hon cao LNN, nhung nhé hon thudc thuong
mai Azithromycin. Hoat tinh khang khuin cua cao
ethanol cua ré va than nuc nac da dugc khao sat trén
cac dong vi khudn Escherichia coli, Klebseilla,
Proteus, Pseudomonas aeruginosa va
Staphylococcus aureus (Radhika et al., 2011).
Trong d6, cao ethanol tir than nuc nac thé hién hoat
tinh khang khuan manh hon so véi cao ethanol ré
v6i duong kinh vong vo khuén dat tir 15 d&én 20 mm.
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Cao chiét ethanol tir qua nic nac thu thap tir tinh
Nakorn Pathom (Théi Lan) cho thiy kha ning khang
Streptococcus suis va Staphylococcus intermedius ¢
nong d6 1000 mg/mL véi duong kinh vong vo
khuan lan luot 14 14,39 mm va 15,11 mm (Sithisarn
et al., 2016). Két qua cua nghién ctru vé LNN gop
phan bé sung dir liéu v& hoat tinh khang khuén cua
cdy nuc nac, ciing nhu mé rong dbi tugng vi khuan
khao sat.

Nong d6 we ché tdi thiéu cua cao toi vu LNN ddi
Vi timg dong vi khuédn c¢6 su khac nhau, dugc trinh
bay trong Bang 3. Céac giéng c6 sy doi mau cua
thudc thir resazurin tir mau xanh sang mau hong cho
thay o su tang truong cua Vi khuan trong gleng
Nong do ic ché toi thleu dugc dinh nghia 1a nong
d6 thap nhét trong day ndng do thir nghiém cua chat
khang khuan. Nong d6 nay c6 thé wc ché su ting
truong cua vi khudn (khong lam d6i mau resazurin).
Céc giéng khong co sy ddi mau cta resazurin duoc
trai 1én cac dia moi truong thach LB. Nong d6 diét
khuan t6i thiéu 1a ndng do thip nhét trong day nong
d6 cua cac cao chiét thuc vat. Nong do nay co thé
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tiéu diét toan bo vi khuan trong giéng, khong ¢
khuan lac nao xuét hién trén dia méi truong thach.
Nhu vay, cao téi vu LNN c6 ndng d trc ché tdi thiéu
1a 320 pg/mL d6i vai 2 chung VC-1, VC-5 va nong
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d6 wc ché téi thiéu 1a 640 pg/mL dbi vé6i 3 chung
VC-2, VC-3, va VC-4. Nong d6 diét khuan i thiéu
ctia cao toi wu LNN ddi vai cac dong vi khuan thir
nghiém dao dong tir 640 dén 1280 pg/mL.
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g —,
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= 16
£
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oo
E 12
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C 160~ 320 640 1280 2560
Nong dd thuoc Azithromycin (pg/mL)
+~— Vibrio sp VC-1 = Vibrio sp VC-2 Vibrio sp VC-3 Vibrio sp VC-4 = Vibrio sp VC-5

Hinh 5. Puong kinh vong khang vi khuin Vibrio spp

Theo két qua dinh lvong TPC va TFC, cao tbi uu
LNN c¢6 TPC, TFC cao hon cao LNN
(TPC=57,04+0,37 mg GAE/g cao chiét;
TFC=26,40+1,00 mg QE/g cao chiét) lan luot 1a
3,78 va 5,99 lan. Gia tri MIC va MBC cua cao tdi
wu LNN thap hon cao LNN. Tir d6 cho thay, hoat
tinh khang khuan cua cao tdi wu LNN manh hon cao
LNN. Nhur vay, kha ning khang khuan ciia cao chiét

¢6 thé chiu anh huong bai TPC va TEC. Mot s6 nha
nghién ctru cho rang cac thanh phan khang khuan c6
trong cao chiét thuc vat nhu TPC, TFC twong tac véi
céc enzyme va protein clia mang té bao vi khuan gay
ra sy phén tan ciia dong proton vé phia bén ngoai té
bao dan dén su chét cua té bao hodc co thé tc ché
enzyme sinh téng hop amino acid cua vi khuén
(Burt, 2004; Gill and &-Holley, 2006).

Bang 3. Nong dé wc ché tdi thiéu (MIC) va ndng dd diét khuén tdi thiéu (MBC)

MIC (ng/mL)

Dong vi khuin

Cao LNN Cao téi wu LNN Azithromycin Cao LNN Cao toi wu LNN Azithromycin

VC-1 640 320
VC-2 1280 640
VC-3 640 640
VC-4 1280 640
VC-5 1280 320

MBC (ng/mL)
160 1280 640 320
160 >1280 1280 640
160 1280 1280 640
80 >1280 1280 640
160 >1280 640 320
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