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TOM TAT

Nghién ctru nay nhiam danh gia hoat tinh khang oxy hoa, khang khuan va sy bién ddi trong qué trinh
bao quan cua chlorophyll dugc trich ly tir rong Ceratophyllum submersum. Nguyén li€u dugc xtr ly,
sdy kho va chlorophyll dugc trich ly tir rong siy kho bang ethanol va dinh lwong bang phuong phap
quang ph6 UV-Vis. Hoat tinh khang oxy héa dugc danh gia dong thoi thong qua cac phuong phap
gom: DPPH, ABTS, FRAP, nitric oxide (NO) va kha nang khu (RP) nham phan 4nh cic co ché
chéng oxy hoa khac nhau. Két qua cho thay, chlorophyll thé hién hoat tinh khang oxy hoa dang ké,
v6i gia tri ICsy lan luot dat 66,55 pg/mL (DPPH), 49,35 pg/mL (ABTS), 30,5 pg/mL (FRAP) va
29,72 ng/mL (NO), dong thoi kha nang khir tang ti 1¢ thuén voi nong do mau. Hoat tinh khang khuan
duogc xac dinh bang phuong phap MIC cho thay chlorophyll c6 kha ning e ché hiéu qua cac chung
vi khuan Escherichia coli, Staphylococcus aureus, Bacillus subtilis va Salmonella enterica, voi MIC
dao dong tir 12,5 - 25 pg/mL. Bén canh d6, nghién ciru khdo st sy suy giam mau sic va hoat tinh
khéng oxy héa ctia chlorophyll sau siy phun va vi bao bang maltodextrin trong diéu kién bao quan
gia tc cho thdy, gia tri AE ting theo thoi gian, trong khi kha ning bat gbc tr do DPPH giam xuéng
dudi 50% sau khoang 7 ngay. Dya trén m6 hinh Q10, thoi gian bao quan udce tinh cia san pham &
30°C 1a khoang 56 ngay. Két qua nghién ctru cung cép dit liéu dinh luong moi vé hoat tinh sinh hoc
va d6 6n dinh cua chlorophyll tir rong C. submersum, qua d6 cho thay tiém ning img dung cua hop
chit nay nhu mdt chat chong ooxy hoa va khang khuén ty nhién, dong thoi cung cap co so khoa hoc

cho viéc phat trién cac san pham c6 ngudn gbc sinh hoc trong linh vyc thuc phdm va duoc pham.

Tir khéa: Chlorophyll, Ceratophyllum submersum, khang khudn, khdang oxy hoa.

1. DAT VAN BE

Trong nhimg nim gan day, xu hudéng thay thé
phu gia tong hop bang cac hop chat sinh hoc ¢6
ngudn gdc ty nhién ngay cang dugc quan tim,
ddc biét trong linh vuc thuc pham chic ning,
duge pham va bao quan sinh hoc. Trong sb do,
céc sic t thyc vat noi bat nho kha nang két hop
d@)ng thoi vai tro tao mau va thé hién hoat tinh
sinh hoc, gop phan ning cao gia tri cam quan va
chire nang cia san phém [1]. Chlorophyll 14 sic
to quang hop chu yéu trong thuc Vat va tdo, co
c4u trac vong porphyrin chita ion Mg®" trung tam,
cho phép tham gia vao cac phan ing oxy hda -
khu va trung hoa gbc tu do. Nhiéu nghién ctu da
ching minh rang, chlorophyll v cac din xuat ctia
n6 c6 kha ning thé hién hoat tinh sinh hoc nhu
chéng oxy héa thong qua co ché cho electron
hoac tao phuc voi cac kim loai xuc tdc phan Gng

oxy hoa [2]. Chlorophyll c6 kha ning bat gbc tu
do hiéu qua va gia tri ICso phu thudc vao ngudn
nguyén liéu ciing nhu phwong phap chiét [3]. Bén
canh d6, chlorophyll con thé hién hoat tinh khang
khuan dang ké doi v6i nhiu chung vi sinh vat
gdy bénh. Co ché khang khuin dugc cho 1a lién
quan dén kha nang tao cac loai oxy phan tng
(ROS), lam ton thuong mang té bao va trc ché
chudi van chuyén electron cua vi khuan [4].

Rong thuy sinh dugc xem 1a ngudn nguyén
liéu tiém ning cho viéc khai thac chlorophyll nho
tdc do sinh truéng nhanh, chi phi nudi trong thap
va ham luong sic t& cao. Trong d6, rong
Ceratophyllum submersum phan bb rong rai ¢ cac
ao, ho, dam lay va dong sudi yén tinh ¢ ving
nhi¢t déi va 6n ddéi. Theo y hoc dan gian, C.
submersum dugc st dung dé diéu tri loét, tiéu
chay, vét thuong va co6 tdc dung bao v¢ than...
nho chta lwong dang ké cac hop chit c6 hoat tinh
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sinh hoc nhu chlorophyll [5]. C. submersum c6
ham luong sic t6 cao nhung chua dugc khai thac
day du vé mat hoat tinh sinh hoc. Cac nghién ctru
trude day chii yéu tap trung vao thuc vat trén can
hodc vi tao, trong khi dir liéu vé chlorophyll tir
rong thiiy sinh vaAn con han ché, dic biét 1a vé su
on dinh trong qua trinh bao quan.

Do d6, xuét phat tir nhitng vin dé néu trén,
nghién ctru nay dugc thyc hién nham danh gia
toan dién hoat tinh khédng oxy hda cua
chlorophyll tr rong C. submersum thong qua
nhiéu hé thir nghiém khac nhau, dong thoi khao
sat hoat tinh khang khuan dbi v6i mot s6 ching vi
sinh vét dién hinh. Bén canh d6, nghién ctu con
theo doi sy bién d6i mau sic va suy giam hoat
tinh sinh hoc cta chlorophyll trong qué trinh bao
quan, qua d6 cung cip co so khoa hoc cho viéc
khai thac va ing dung ngudn chlorophyll tu nhién
tir rong thiy sinh trong linh vuc thuc pham va
duoc pham.

2. PHUDNG PHAP NGHIEN CUU

2.1. Nguyén vat liéu

Rong C. submersum dugc thu hoach tai ao
nudi tdm quang canh thudc huyén Go Cong
Déng, tinh Tién Giang trudc day. Mau rong sau
thu hoach duoc van chuyén trong diéu kién lanh
(4 - 5°C) dén phong thi nghiém trong vong 24
gid. Nguyén liéu dugc rira sach, siy d6i luu <
50°C véi toc do gio 1 m/s trong cho dén khi do
am con khoang 10% (w/w). Sau d6, mau duoc
nghién bang may nghién co hoc va ray qua ludi
80 mesh dé thu bot déng nhat. Mau bot duge bao
quén trong tui kin & 5°C cho dén khi st dung.

Céc hoa chit sir dung bao gém ethanol,
methanol, hexan, MgCOj3, maltodextrin, DPPH
(2,2-diphenyl-1-picrylhydrazyl), ABTS (2,2'-
azino-bis-3-ethylbenzothiazoline-6-sulfonic acid),
kali persulfate (K,S,0g), Trolox, TPTZ (2,4,6-
tripyridyl-s-triazine), FeCls, Nay[Fe(CN)sNO], cung
céc hoa chét phan tich khac. Tat ca hoa chit dat
cap d6 phan tich.

2.2. Phwong phap nghién ciru

2.2.1. Chudn bi mdu

Trich ly thu nhan dich chiét chlorophyll dugc
thuc hién tuong tu nghién cuu trudc diy cuia
nhoém tac gia. Can 500 g mau nguyén liéu dé tién
hanh thi nghiém bd sung nudc cit 2 1an voi ti 16

1/30 (w/v), bd sung MgCO; 0,8% (w/w), véi
cong suit vi song 360 W va thoi gian xur ly 240
gidy. Dich thu duoc sau khi trich ly tién hanh ly
tam loc dé tich ba thu luong dich trong va phan
bé sau khi loc sé& tién hanh trich ly tiép tuc 2 lan.
Sau d6, dem mot phan dich trich xac dinh ham
luong bang phuong phap do quang phé UV-VIS
dé xac dinh ham luong chlorophyll ban dau [6].
Dich chiét duoc x4c dinh hoat tinh sinh hoc.

Dich trich chlorophyll tr rong C. submersum
thu dugc, dugc tiép tuc c¢d quay chan khéng &
48°C @é thu dich co dic. Tiép theo, thuc hién bd
sung maltodextrin va siy phun & 90°C. Ché pham
chlorophyll thu dugc & dang bot sau sdy phun véi
d6 am dudi 5% cb cac gia trj L* = 78,27 + 0,50,
a* = -7,40 + 0,15 va b* = 13,44 % 0,27, thé hién
mau xanh déc trung cta chlorophyll [7].

2.2.2. Xac dinh hoat tinh khang oxy hoa

Hoat tinh khang oxy hoa cua dich chiét
chlorophyll dugc déanh gid bang nim phuong
phap doc 1ap, bao gom: DPPH, ABTS, FRAP,
nitric oxide (NO) va kha nang khuir (reducing
power - RP). Tat ca cac thi nghiém duoc thuc
hién 13p lai ba lan.

Phuong phap DPPH: Dung dich DPPH (0,1
mM) duoc chuan bi trong methanol. Mau ¢ cac
nodng d6 khac nhau (25 - 150 pg/mL) dugc phan
tmg v&i dung dich DPPH trong t6i trong 30 phut.
Do hap thu dugc do tai 517 nm [8]. Thong sb
khao sat: Nong do dich chiét chlorophyll: 25, 50,
75, 100, 125 va 150 pg/mL. Thong sb theo ddi:
Gia tri ICsy.

Phuong phap ABTS: Géc ABTS* duoc tao
thanh tr phan wUng gitta ABTS (7 mM) va
K:S:0: (2,45 mM) sau 12 - 16 gio trong tbi.
Dung dich dugc pha lodng dén do hap thu 0,70 +
0,02 tai 734 nm. Mau (20 - 100 pg/mL) duoc
phan ng véi ABTS ™ trong 5 phut va do tai 734
nm [8]. Théng sé khao sat: nong d6 dich chiét
chlorophyll: 20, 40, 60, 80 va 100 pg/mL. Thong
s6 theo ddi: gia trj 1C50.

Phuong phap FRAP: Dung dich FRAP duoc
chuan bi tir dém acetate (300 mM, pH 3,6), TPTZ
(10 mM) va FeCl; (20 mM). Mau (20-100
pg/mL) phan tmg vdi dung dich FRAP trong 30
phiit & 37°C. B¢ hip thy duoc do tai 593 nm [8].
Néng do cua dich chiét chlorophyll: 20, 40, 60,
80, 100 pg/mL.
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Phwong phdp nitric oxide (NO): bé xac
dinh hoat tinh bt gbc nitric oxide ciia cac mau,
duogc thuc hién theo mo t4 cua Odeyemi va cs
(2015) voi mot sd chinh stra [9]. Hé phan tng
gdm natri nitroprusside (10 mM) trong dém
phosphate (pH 7.4) va mau thi (10 - 100
pg/mL) duge U trong 2,5 gio ¢ 25°C. Sau do,
thubc thir Griess dugc thém vao va do hép thu
tai 540 nm. Thong s6 khao sat: Nong do dich
chiét chlorophyll: 20, 40, 60, 80, 100 pg/mL.
Thong sb theo dbi: Gia tr1 ICso.

Kha ning khir (Reducing Power - RP): Mau
dugc phan tng véi dém phosphate va KsFe(CN)g,
u ¢ 50°C trong 20 phut, sau d6 thém TCA, ly tdm
va phan tng v6i FeCls. Po hip thu duoc do tai
700 nm. Thong sb khao sat: Nong do dich chiét
chlorophyll: 0, 20, 40, 60, 80, 100 pg/mL. Hoat
tinh khir duoc danh gia thong qua gia tri hip thy.

2.2.3. Xdc dinh hoat tinh khdng khudn bang
phuwong phap MIC

Hoat tinh khang khuan dugc xac dinh bang
phuong phap vi pha loing trong dia vi chuin
(microdilution method). Dich chiét chlorophyll
duoc pha loang bac hai tir 400 pg/mL. Cac chung
vi khuan thir nghiém bao gdm: Escherichia coli,
Staphylococcus aureus, Bacillus subtilis va Salmonella
enterica v&i mat do ban dau 10° CFU/mL. Hdn
hop phan tng gdm 50 uL dich vi khuan va 50 pL
mau duoc i & 37°C trong 24 gio. Sau do, thém
thudc thir resazurin (0,015%) dé danh gia sy phat
trién vi khuan. Gia tri MIC dugc xac dinh 1a né)ng
d6 thap nhit khong gay d6i mau thude thir [10].

2.2.4. Pdnh gid d6 on dinh bdo qudan cua
chiét xudt chlorophyll

Phuong phap hé s6 Qi cho thiy téc do phan
ung tang 1én hoac thoi gian bdo quan giam di khi
nhiét do tang 10°C. Bot chlorophyll dugc chia
thanh cac miu nho, tit ca mau nay dugc dit &
60°C trong ti vi khi hau, theo ddi véi tan sudt 2
ngay/lan trong vong 20 ngay. Hé s6 Qo clia cac
mau bot chlorophyll duge tinh theo cong thirc
sau [11]:

Trong d6: T, va T, la nhiét d6 bao quejn
tuong ung ¢ 30°C va 60°C, thoi gian ma cac mau
bot chlorophyll dugc bao quan ¢ 30°C (8,;,,) va

60°C (8,;,,) mat di sy khac biét vé mau sic so
véi mau géc Céc thtr nghi¢m do béng may do
mau dugc tlen hanh theo cac ngay de xac dinh sy
khac biét vé mau sic gitta cac mau trén. Thoi
gian su dung duoc tinh bang cong thirc

t. =t,.Q,vo1n=

; ‘—;, ts: Thoi gian st dung cua
bot chlorophyll ¢ nhiét d§ udce tinh (ngay) va to:
thoi gian st dung cia bot chlorophyll khi quan

sat thyc té (ngay).
2.3. Phuong phap phan tich

2.3.1. Xac dinh ham lwong chlorophyll bang
Uv-vIS

Chlorophyll ¢6 phd hip thu anh sang cuc dai
& cac budc song 645 nm, 663 nm, do hap thu &
budc song ndy biéu thi cho cuong do cia sic tb
hay luong chlorophyll c6 trong dung dich. Dya
vao tinh chat nay nguoi ta do cac gia tri hap thu
va dinh lugng chlorophyll [12].

Cong thirc tinh lugng chlorophyll nhu sau:

+ Luong chlorophyll téng (pg/mL) = 20,2
(Aess) T 8,02 (Ass3)-

+ Luong chlorophyll a (ug/mL) = 12,7 (Ass3)
+ 2,69 (Agss)-

+ Luong chlorophyll b (ug/mL) = 22,9 (Aess)
+ 4,68 (A663)-

Cong thic quy ddi pg/mL sang mg/gek:

Clpg/mL) xVimL)
1.000 xm (g)

mg/gck =

Trong d6: C 1a ndng d6 chlorophyll trong
dich chiét (ug/mL); V 1a thé tich dich chiét thu
duge (mL); M 1a khdi lwong miu ban dau (g) va
1.000 1a hé s6 dung dé ddi tir microgam sang
miligam.

2.3.2. Do mau

Viéc do mau dugc xac dinh theo hé mau
Hunter LAB dé quan siat mau sac cua vat ran
thong qua phuong trinh [13].

C*'=va* + b3

[

AE= [(Ly— L')*+ (a5 — @)+ (b + b*?)
Trong do: L*: d§ sang, gia tri cang cao thi
mAu cang sang; a*: truc do - xanh 14, gia tri duong
thé hién sic do, gia tri 4m thé hién sic xanh luc;
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b*: truc vang - xanh lam, gié tri duong thé hién sic
vang, gia tri am thé hi¢n sac xanh duong.

2.4. Phwrong phap xir 1y s6 liéu

Céc thi nghiém duoc tién hanh lap lai 3 1an. Sb
liéu thi nghiém duoc xir 1y bang phén mém
Microsoft Excel 2019 va phuong phép thong ké
ANOVA duoc xir Iy boi phan mém Minitab 2019.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Hoat tinh khing oxy héa cia chiét
xuét chlorophyll tir rong C. submersum

3.1.1. DPPH

Hoat tinh khang oxy hoa ctia miu dugc ddnh
gia thong qua phan Gmg bat gbc DPPH. Cu thé,
dung dich mau duogc pha lodng vé ndng do tir 20 -
100 ug/mL. Tiép d6, d¢ miu phan tmg véi DPPH
va 0 trong toi & nhiét do phong va do & budc song
517 nm. Két qua thé hién qua hinh 1.

A) B)
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y=0.8774x- 84148 . 90

y="7.6613x—10.493
R2=09963

R?=0.9961
80

<o

61

5
5
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3
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'Nong d0 chlorophyll (ng/mL) Nong d trolox (ng/mL)

Hinh 1. Kha niing bat géc ty do cua
chlorophyll (A), kha nang bat goc tw do cua
trolox (B) bang phwong phap DPPH

Két qua ¢ hinh 1 cho thiy kha ning wrc ché
gbc DPPH ting tuyén tinh theo ndong d6 mau, dat
gia tri 81,01% tai nong do 100 pg/mL. So véi
chat chuén trolox, chlorophyll thé hién hoat tinh
thip hon, khi trolox chi cin néng d6 8 pg/mL dé
dat mirc e ché tuong duwong (80,11%). Gia tri
1Cs¢ cua chlorophyll duoc xac dinh la 66,55
ug/mL. Co ché khang oxy hoa cua chlorophyll
dugc cho 1 lién quan chu yéu dén cdu trac vong
porphyrin, dong vai tro nhu mot hé cho electron
thong qua su hinh thanh gbc n-cation, tir d6 trung
hoa cac gbc ty do [14]. Khong gidng nhu nhiéu
chit chdng oxy hoa hoat dong theo co ché cho
nguyén tir hydro, chlorophyll chu yéu tham g1a
vao qua trinh chuyén electron, trong d6 ion Mg
trung tdm dong vai trd quan trong trong viéc o6n
dinh cdu trac va ting cuong hoat tinh oxy hoa-
khir [1]. Két qua nay phu hop véi két qua nghién
ctru ctia Hsu va cs (2013), trong d6 cac dan xuat
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chlorophyll déu thé hién kha ning bat gdc DPPH
phu thudc ndng do voi gia tri ICso twong dbi thap
[15]. Tuy nhién, so v6i mQt sO ngudn thyc vat
khac nhu Houttuynia cordata (ICsy = 18,38
pg/mL), hoat tinh cua chlorophyll trong nghién
clru nay thap hon, cho thdy su khac biét dang ke
vé hiéu qua chéng oxy héa giira cic ngudn
nguyén liéu tu nhién va phuong phap chiét [16].

3.1.2. ABTS

4) B)

¥=0.7684x ~ 10,076
100 y=09525x —2.9855 R =009956

Re=0.9931 - 8

b d
bét gée tr do (%)

Pl
Phén tram bét g

0 2 40 60 80 100 120 0 20 40 60 8 100
Nong d9 chlorophyll (ug/mL) Néng d trolox (ug/mL)

Hinh 2. Kha niing bit gbc tw do ciia
chlorophyll (A), kha ning bit goc tw do ciia
trolox (B) bang phwong phap ABTS

Hoat tinh khang oxy héa cua dich chiét
chlorophyll tiép tuc duoc danh gia bang phuong
phap ABTS, mdt phep thur phd bién nham xac
dinh kha ning bat gbc tw do ABTS cua cac hop
chat sinh hoc. Két qua ¢ hinh 2 cho thay hiéu sut
bét gbc tu do ting rd rét theo ndng do mau, voi
gia tri uc ché tang tir 21,06% ¢ 20 pg/mL lén
98,17% tai 100 pg/mL. Gia tri ICsy cua
chlorophyll duoc xac dinh 1a 49,35 pg/mL, cho
thiy hoat tinh khang oxy héa tuong dbi cao va
phu thudc néng d6. So sanh voi cac nghién ctru
trude, gia tri ICso trong nghién clru ndy tuong
duong véi chlorophyll chiét xuét tir cdy nha dam
(Aloe vera) vo1 ICso = 47,49 pg/mL, thé hién su
tuong ddng vé hiéu qua bat gdc ABTS giira cac
ngudn nguyén liéu gidu chlorophyll [17]. Pong
thoi, hoat tinh cta chlorophyll tr rong luc C.
submersum dang ké so véi mot s6 ngudn thyc vat
khac nhu 14 lha non huyet rong (ICso = 789,63
ng/mL) [18], cho thdy tiém ning tng dung cao
ctia rong thuy sinh trong khai thac hop chat chéng
oxy hoéa tu nhién. Hi¢n nay, cac san pham thuc
pham giau chlorophyll nhu d6 udéng tir c6 lua
mach ciing da dugc ching minh c6 kha nang
chdng oxy hoa dang ké khi danh gia bang phuong
phap ABTS, tir d6 cho thay thir nghiém nay da
md rong thém mot ngudn nguyén liéu thu nhan
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chlorophyll ¢6 hoat tinh khang oxy hod, gop phan
nang cao gia tri ngudn nguyén lidu va tiém ning
g dung trong cong nghé thuc pham [19].
3.1.3. FRAP
Kha ning chéng oxy hoa cua chlorophyll tir
C. submersum L. ngoai dugc xac dinh dya trén
A)

90 ~
y=0.4319x + 40,587
80 A1 R2=10.9738
70
60 - e
50 A |

40 -

30 1

Phén trim bit gdc tir do (%)

20 4

10 A

Phén trim bit gdc tir do (%)

nang luc khir Fe’™ thi phuong phap FRAP dua
trén nguyén tic khir phitc hop Fe*'-TPTZ thanh
Fe’-TPTZ & d6 pH thip tao ra mau xanh lam.
Két qua thtr nghiém dugc xéc dinh dya trén viéc
theo ddi sur gia ting d6 hap thu cta dung dich gbc
va duoc the hién & hinh 3.

B)

100 7
y=2.0597x +41.183
90 1 R2=0.9494

80 1
70
60
50
40
30 1
20 1

10 1

0 20 40 60 80 100
Nong dd chlorophyll (ug/mL)

120

0

0 5 10 15 20 25 30
Néng do trolox (ug/mL)

Hinh 3. Kha niing bit gdc ti do ciia chlorophyll (A), kha niing bit géc tw do ciia trolox (B) biang
phuwong phap FRAP

Két qua thi nghiém cho thdy, kha nang chéng
oxy hoa cua chiét xuit chlorophyll ting dan tir 20
ng/mL 46,45% va cao nhat & 100 pg/mL dat
81,99% véi gia tri ICsy 1a 30,5 pg/mL. Trong
phép thir FRAP, hé phan tng chira phirc Fe''-
TPTZ; khi ¢c6 mét chlorophyll, Fe** bi khir thanh
Fe’ va tao thanh phirc Fe’" - TPTZ ¢6 mau xanh
dam, cuong do hap thu ty 1¢ thuan voi kha ning
cho electron ctia chét khao sat. Do d0, sy gia ting
mat do quang quan sat dugc phan anh truc tiép
ning luc khir cua chlorophyll trong dich chiét.
Antonio va cs (2020) bao cao chlorophyll va cac
dan xuét déu c6 kha ning khang oxy hoa cao dic
biét 1a phirc kim loai-chlorophyll cho thay vai tro
quan trong cua cua ion kim loai trong vong
porphyrin anh huéng 16n dén kha nang khang oxy
hoa cua chlorophyll [20]. O cac mau thuc pham
nhu thirc udng cd mam, gia tri FRAP dat xap xi
28,3 ug/mL tuong duong véi kha nang khang oxy
héa cua chlorophyll chiét xuit tr rong C.
submersum L. [19]. Hon nita, két qua thu dugc
trong nghién ctru ndy phu hop véi cac bio céo
trude, trong d6 chlorophyll va cic dan xuat thé
hién hoat tinh khang oxy hoa dang ké trong cac
hé thyc pham va sinh hoc. Pang chi y, gia tri
FRAP quan sat duoc ndm trong khoang tuong
duong véi cac ngudn gidu chlorophyll ty nhién
nhu tao Spirulina, cho thiy tiém ning tng dung

ctia hop chat nay nhu mot chat chdng oxy hoa tur
nhién. Sy twong quan giira ndng do chlorophyll
va gia tri FRAP trong nghién ctru hién tai cang cb
gia thuyét rang co ché cho electron ciia vong
porphyrin 13 yéu t6 chi phdi hoat tinh khang oxy
hoéa cua chlorophyll [21].

3.1.4. NO

Két qua thi nghiém danh gia hoat tinh
khang oxy hda cua chlorophyll thong qua kha
nang bat giit gdc nitric oxide (NO) duoc trinh
bay tai hinh 4.

A) B)

w]  y=08THx-s418

¥=1.7046x + 19941
R?=0.9963

R#=09942

0 20 40 60 80 100 120 0 10 20 30 40 50 60
Nong d9 chlorophyll (ug/mL) Nong d6 trolox (ug/mL)

Hinh 4. Kha niing bit goc tu do ciia
chlorophyll (A), kha nang bat goc tr do cua
trolox (B) bang phwong phap NO

Hoat tinh bat gdc nitric oxide (NO) cua
chlorophyll tang rd rét theo nong d9, véi hidu
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suat e ché tang tir 42,74% & 20 pg/mL lén
91,43% tai 100 pg/mL, twong Gmg voi gia tri ICs
dat 29,72 pg/mL. Két qua nay cho thdy moi
twong quan thuin gitta nong do chlorophyll va
kha nang khang oxy hoa. Trong hé phan tng, NO
duogc tao ra tir sy phan huy cuia natri nitroprusside
trong diéu kién pH sinh 1y va sau dé bi oxy hoa
thanh nitrit/nitrat trong moi trudng hiéu khi; cac
san pham nay duoc dinh luong gian tiép thong
qua phan ng véi thudc thir Griess. Su hién dién
ctia cac hop chat c¢6 kha ning cho electron, nhu
chlorophyll, ¢6 thé canh tranh véi oxy trong phan
ung nay, tor do lam gidm sy hinh thanh nitrit va
thé hién kha ning bat géc NO. Xu hudng phu
thudc nong do trong nghién ctru nay phu hop véi
cac bao cao trude, trong d6 hiéu suat tc ché NO
tang khi ndng d6 chlorophyll ting, mic du gia tri

A)

y=0.006x - 0,0354

0.8 R?=0.9808

0.8 1
0.7 1
0.6 1
< 0.5
0.4 1
0.3
0.2 4
0.1 4

0.0

0 20 40 60 80 100 120
Nong do chlerophyll (ug/mL)

T 038 4

ICsy c6 thé khac nhau tuy thudc vao nguén
nguyén lidu va diéu kién thi nghiém [22]. Mic du
phuong phap NO it dugc sir dung phd bién hon
so voi cac hé DPPH hoic ABTS, két qua thu
duoc cho thiy chlorophyll c6 tiém ning dang ké
trong viéc diéu hoa cac gbc NO noi sinh, gop
phan mé rong hiéu biét vé co ché khang oxy hoa
ctia nhém hop chat nay [23].

3.1.5. RP

Kha nang khir (RP- Reducing Power) cua
chlorophyll phan anh hoat tinh khang oxy hoda
thong qua co ché nhuong electron, giap khir

¢’ thanh Fe®"; dd hip thu cang cao cho thiy

kha nang khtr cang manh. Kha nang khu (RP)
ctia chlorophyll thé hién qua két qua thi nghiém
¢ hinh 5.

B)

1.6 A
y=0014x+0.1116
14 4 R2=0,9798

1.2 1

1.0 4

0.6
0.4 4

0.2 4

0.0

0 20 40 60 80 100 120
Néng do trolox (ug/ml.)

Hinh 5. Kha niing bit goc tw do ciia chlorophyll (A), kha ning bit goc tw do ciia Trolox (B) bang
phwong phap RP

Két qua cho théy, kha nang khu cua
chlorophyll ti 1¢ thudn voi noéng do. Khi tang
nong do gia tri do hap thu cung tang cho thay
hiéu suit khir Fe3+ thanh Fe*". Cu thé, & nong do
20 pg/mL d6 hap thu ghi nhan 0,109 + 0,020. Khi
nong do tiép tuc ting 1én dén 100 pg/mL, thi do
hap thu dat gia tri 0,600 + 0,048, cao hon 5,4 lan
so v6i do hap thu ban dau. Khi do hip thu tai
budc song 700 nm clia mau thir cang 16n, tic 1a
mau c6 nang lyc khir cao, dong nghia véi kha
ning chéng oxy hoa cang manh. So sanh véi cao
chiét cua 14 nudc chum ngiy (A = 0,21685) tir
nghién ctru cia L& Ha My Phuong va cs (2021)
cho thdy kha ning kht thip hon so véi
chlorophyll dugc chiét tir rong C. submersum L.
[24]. Két qua nay phu hop voi nghién ciru cia
Roshanak va cs (2016), cho thiy hoat tinh khang
oxy hoa tang dan theo nong do mau [25]. Cu thé,
tai nong d6 100 pg/mL, mau chiét bang vi song

dat gia tri do quang gan 1,2 - cao hon rd rét so véi
cac phuong phap chiét khac, chimg to hiéu qua
ting cuong kha ning bat gbc tu do. Tuong tu,
nghién ctru cua Bozdogan va cs (2016) ciing ghi
nhan gia tri kha nang khir (RP) tang theo néng do
mau, khang dinh moi twong quan thuén gilta nong
d6 chat chiét va hoat tinh khang oxy hoa [26].
Nhiing két qua nay khang dinh vai tro cia
chlorophyll nhu mdt tdc nhan khir manh, gop
phan quan trong vao kha ning chdng oxy hoa
tong thé cua chiét xuét.

3.2. Hoat tinh khang khuin ciia chiét xuat
chlorophyll tir rong C. submersum

Cac nghién ctru gan day da chi ra rang nong
d6 wc ché ti thiéu (MIC) dugc xac dinh bang
phuong phép vi pha loang [27]. Két qua vé MIC
cta chlorophyll dugc trinh bay trong hinh 6.

Két qua danh gia hoat tinh khang khuéan ciia
chlorophyll véi néng do thir nghiém nam trong
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khoang 3,125 - 400 pg/mL théng qua xac dinh
noéng dg e ché t6i thiéu (MIC) cho thay, hop
chat nay c6 kha ning (e ché hiéu qua mot sb
chung vi khuan gy bénh phd bién. Thir nghiém
dugc tién hanh trén bon loai vi khuan gom:
Staphylococcus aureus, Bacillus subtilis (thudc
nhom Gram duwong) va Escherichia coli,
Salmonella enterica (thuc nhom Gram am). Mau
hong xuat hién ¢ cdc giéng chung t6 ¢6 vi khuan
phat trién, trong khi cac giéng c6 mau tim dam
hodc den thé hién vi khuan bi Gc ché khong hoat
dong. Chlorophyll thé hién hiéu qua khang khuan
déng ké trén ca vi khuan Gram duong va Gram
am. Cu thé, dbi v6i S. aureus va B. subtilis, MIC
dat 25 pg/mL, cho thiy hai chung vi khuan Gram
duong nay c6 mirc do nhay cam tuong ddi véi

Wingdhmbuy |y 133 13 0C)) DC(e)
{pgmlp

L1 LI L3 BC[)BC|H

400

0

log

5

125

6.3%

ER

Neegdbmlu i3 13 i3 BCH BEi

chlorophyll. Trong khi d6, E. coli ¢6 MIC thap
hon, khoang 12,5 pg/mL, cho thiy chlorophyll c¢6
kha ning wc ché manh hon dbi véi chung vi
khuan Gram am nay. Ddi v6i S. enterica, MIC
tuong duong 25 pg/mL, phan anh muc do nhay
cam thap hon so vé6i E. coli nhung tuong duong
cac chung Gram duong. Két qua nghién ctru cta
Shergaziev va cs (2024) ciing da cho thdy hiéu
qua cua chlorophyll d6i vi khudn Gram duong,
chlorophyll dé dang xam nhép vao bén trong do
khong c6 mang té bao [28]. Hon nita, chlorophyll
¢6 thé 1am rdi loan chudi van chuyen electron,
thong qua co ché ROS tao ra cac chat oxy hoa
gdy hai t& bao ciing 1a nguyén nhan lam cho
chlorophyll ¢ thé khang khuén [29].

L1 LI LS DC)DC(s)

Ljig ml

Hinh 6. Két qua khing khuin bing phuong phap MIC

Chlorophyll tir rong C. submersum L. c6 kha
ning khang khuan, voi MIC chi trong khoang
12,5 - 25 pg/mL dbi véi ca vi khuan Gram duong
va Gram am. Nhiing két qua nay cho thdy tiém
ning dang ké cua dan xuét chlorophyll tir rong C.
submersum L. trong viéc phat trién cac hop chét

khang khuan nguon goc tu nhién, dac biét hudng
dén viéc thay thé hodc hd trg cac chat bao quan
tong hop trong thuc pham, ciing nhu ung dung
trong dugc pham hoic y hoc.

3.3. P9 on dinh biao quan chlorophyll tir
rong C. submersum

Bang 1. Swr thay d6i mau va kha niing loai bé goc tw do DPPH ciia chlorophyll theo thoi gian nghién

ctru duéi di€u ki€n gia toc

Ngay AE %DPPH Ngay AE %DPPH
2 0,73 £0,31° 61,72 £ 1,45° 12 2,29 +0,43° 35,47 + 1,03
4 0,64 +0,12° 56,31 +1,14° 14 2,49 +0,37° 31,56 + 1,85
6 0,91 + 0,34° 51,51 £1,02° 16 2,59 +0,74° 27,75+ 0,58
8 1,10+0,51° | 47,95 +0,65° 18 2,88 + 1,26 24,68 + 1,042
10 1,75+ 1,77° 41,66 +0,76° 20 3,07 0,95 19, 95j:091h

Nghién ciru theo ddi sy thay doi mau sic va
kha nang loai bd goc tu do DPPH cua bdt

chlorophyll sau sdy phun trong suot 20 ngay bao
quan & diéu kién bao quan gia toc (60°C) trong ta
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4m nham danh gi4 d6 6n dinh quang hoc cia sic t6
va 16p vi bao trudce cac tdc nhan oxy hoa trong qua
trinh bao quan. Han s dung ctia bt mo6 ta thong
qua hé¢ mau CIE L*, a*, b*, d6 sai 1éch téng thé AE
va % DPPH duoc xac dinh tir ngay 2, két qua dugc
biéu dién trong bang 1.

Trong qua trinh bao quan gia tdc, gid tri AE
tang dan tir 0,73 + 0,31 (ngay 2) Ién 3,07 + 0,95
(ngay 20), cho thay su bién d6i mau theo thoi
gian nhung van nam trong ngudng c6 thé nhan
biét ma chua anh huong nghiém trong dén cam
quan [30]. Su suy giam mau sic duoc cho 1a do qua
trinh chuyén hoa chlorophyll thanh pheophytin
thong qua mit ion Mg”" va bién ddi cdu truc
porphyrin. Mic du, vi bao maltodextrin ban dau
gitip han ché tiép xuc véi oxy, su gia ting AE sau
khoang 8 ngay cho thay hiéu qua bao vé giam dan
trong diéu kién nhiét 6 cao [31]. Hoat tinh khéng
oxy hoa ciing suy giam déng ké trong qua trinh
bdo quan, véi gia tri %DPPH giam tur 61,72 +
1,45% xudng 19,95 £ 0,91% sau 20 ngay. Trong
giai doan dau, 16p vi bao van duy tri hidu qua bao
vé, tuy nhién sau d6 su khuéch tan oxy va hap uét
lam ting qua trinh oxy héa chlorophyll, din dén
giam kha nang cho electron. Khi hoat tinh giam
xudng dudi 50% (khoang ngay thir 7), mau dugc
xem la suy giam chirc ning dang ké. Trong
nghién ciru nay, hé $b tang tbe Q10 = 2 duoc sur
dung [32], thoi gian bdo quan ¢ 30°C dugc udc
tinh khoang 56 ngay. Tuy nhién, két qua nay can
duoc x4c nhan thém bang thi nghiém lwu trix thyc
té hodic mo hinh dong hoc Arrhenius dé nang cao
d6 chinh xac trong du doan thoi han st dung.

4. KET LUAN

Két qua nghién ctu cho thdy, chlorophyll
chiét xuat tir C. submersum c6 hoat tinh khang
oxy héa manh, thé hién qua gié tri ICso thap trong
cac h¢ DPPH, ABTS, FRAP va NO, voi nang lyc
khur tang theo noéng do. Bong thoi, chlorophyll
cho thdy hoat tinh khang khuén trén ca vi khuan
Gram duong va Gram am (MIC: 12,5 - 25
ng/mL), cho thdy phd tac dung rong. Tuy nhién,
hop chit nay kém 6n dinh trong qua trinh béo
quén, thé hién qua bién d6i mau (AE ting) va suy
giam hoat tinh sinh hoc theo thoi gian. Vi bao
bang maltodextrin cai thién do 6n dinh ban dau
nhung hiéu qua giam trong diéu kién nhiét do
cao; thoi gian bdo quan udc tinh ¢ 30°C khoang
56 ngay (theo moé hinh Qj). Nhin chung,

chlorophyll tr C. submersum cé tiém nang ung
dung nhu chat chong oxy hoa va khang khuén tu
nhién, song can tiép tuc t6i wu héa hé vi bao, diéu
kién bao quan va mé hinh dong hoc dé nang cao
tinh 6n dinh va kha niang tng dung.
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EVALUATION OF ANTIOXIDANT AND ANTIBACTERIAL ACTIVITIES AND STORAGE
STABILITY OF CHLOROPHYLL EXTRACTED FROM Ceratophyllum submersum

Le Thi Hong Anh', Tran Viet Hung', Hoang Thi Ngoc Nhon'

"Ho Chi Minh City University of Industry and Trade
Abstract

This study aimed to evaluate the antioxidant and antibacterial activities, as well as the storage
stability, of chlorophyll extracted from Ceratophyllum submersum. The raw material was pretreated,
dried, and chlorophyll was extracted from the dried biomass using ethanol, followed by
quantification by UV—Vis spectrophotometry. Antioxidant activity was comprehensively assessed
using multiple assays, including DPPH, ABTS, FRAP, nitric oxide (NO) scavenging, and reducing
power (RP), to reflect different underlying mechanisms. The results demonstrated that chlorophyll
exhibited significant antioxidant activity, with 1Csy values of 66.55 pg/mL (DPPH), 49.35 pg/mL
(ABTYS), 30.5 pg/mL (FRAP), and 29.72 pg/mL (NO). The reducing power increased proportionally
with sample concentration. Antibacterial activity, determined by the minimum inhibitory
concentration (MIC) method, revealed effective inhibition against Escherichia coli, Staphylococcus
aureus, Bacillus subtilis, and Salmonella enterica, with MIC values ranging from 12.5 to 25 pg/mL.
In addition, the study investigated changes in color and antioxidant activity of spray-dried and
maltodextrin-encapsulated chlorophyll under accelerated storage conditions. The total color
difference (AE) increased over time, while DPPH radical scavenging activity declined to below 50%
after approximately 7 days. Based on the Qo model, the estimated shelf life of the product at 30°C
was approximately 56 days. Overall, this study provides new quantitative insights into the bioactivity
and stability of chlorophyll derived from C. submersum, highlighting its potential as a natural
antioxidant and antibacterial agent, and offering a scientific basis for the development of bio-based
products in food and pharmaceutical applications.

Keywords: Antibacterial, antioxidant, chlorophyll, Ceratophyllum submersum.
Ngay nhan bai: 25/02/2026

Ngay chuyén phan bién: 12/3/2026

Ngay thong qua phan bién: 16/4/2026

Ngay duyét dang: 4/5/2026

NONG NGHIEP VA MOI TRUGNG - KY 1 - THANG 5/2026 37



