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TOM TAT

Muc tiéu ciia nghién ciku nham xdc dinh ham lwong polyphenol toan phan, flavonoid toan
phan hoat tinh khang oxy héa cua cdy sao nhai. Kha nang khang oxy héa cua ba lodi sao
nhai dwoc xac dinh bang phirong phép trc ché goc tw do DPPH, ham lwong polyphenol todn
phan dwoc xdc dinh bang phirong phdp Folin-Ciocalteu, ham lrong Slavonoid toan phan
duwoc xdc dinh bang phwong phdp tao mau AICl. Két qua cho thdy tong ham lwong
polyphenol trong hoa nhiéu hon ld, ddc biét la hoa sao nhdi hong (cosmos caudatus) (290,65
mg GAE/g trong heong khé), nguoc lai, tong ham heong flavonoid trong ld cao hon hoa, ddc
biét la ld sao nhdi hong va sao nhdi vang (Cosmos sulphureus) (269,92 va 266,70 mg QE/g
trong lwong khé). Cdc cao chiét sao nhdi hong va sao nhdi vang cung thé hién kha nang
khang oxy hoa cao hon so voi sao nhai tim voi 1Cso tong ung tir 10,71 dén 11, 55 ug/mL (doi
chirng acid ascorbic la 3,59 ug/mL). Ngodi ra, két qud phan tich cho thdy cé méi twong quan
thudn giita tong ham lwong polyphenol va hoat tinh khang oxy hoa.

Tir khéa: DPPH, flavonoid, khang oxy héa, polyphenol, sao nhdi tim, sao nhdi hong, sao
nhéi vang

Trich din: Ping Gia L&, Lé Thi GAm, Pham Poan Vi va Huynh Ngoc Trung Dung, 2020.
Khao sat ham lugng polyphenol, flavonoid, hoat tinh khang oxy hoéa tir 14 va hoa
cua ba loai Sao nhai (Ho Cuc — Asteraceae). Tap chi Nghién ctru khoa hoc va
Phat trién kinh t& Trudng Dai hoc Tay Do. 09: 259-269.

*Ths. Huynh Ngoc Trung Dung — Giang vién Khoa Dugc & Piéu dwong, Truong Pai hoc Tdy Do
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1. GIOI THIEU

Qua trinh san xuat va tich lily qua mirc
cac gde tu do trong co thé 1a nguyén nhan
chinh din dén 1o hoa va céc bénh thodi
hda nhu bénh déi thao duong, ung thu, xo
vita dong mach, b¢nh tim mach...
(Badhani et al., 2015). Ngoai ra, chat
khang oxy hoa téng hop (nhu butylated
hydroxyanisol va butylated
hydroxytoluen) dugc st dung rdng rai
trong nganh cong nghiép thuc pham da
dugc chimg minh 1a c6 hai cho suc khoe
do doc tinh tiém tang va la cac tac nhan
gdy ung thu (Gorinstein et al., 2003). Do
d6, ngay cang c6 nhiéu mdi quan tam dbi
v6i viée tim kiém cac hop chat khang oxy
hoéa c6 ngudn gdc ty nhién nhu nhém
polyphenol va flavonoid, 1a thanh phan
dinh dudng quan trong nhat trong thuc
vat va c¢6 kha nang khang oxy hoa cao, c6
mit trong tit cd cic bd phan cia cdy
(Dewick, 2001).

O cac nudc Pong Nam A, céc loai sao
nhai dugc trong trang tri quanh nha hay
dugc dung trong mo hinh trong hoa sinh
thai ven rudng lta nhdm thu hat thién
dich gop phan phong chdng sau, bénh,
ngoai ra, sao nhai con dugc xem la rau
dung trong bira dn hang ngay va ciing 13
mot vi thude co truyén duoc s dung &
mot s6 nudc (Thai Lan, Brazil,
Indonesia). Ngoai ra, trén thé gidi ciing
c6 cac nghién ciru cy thé trén cac loai sao
nhai khac nhau. Sao nhai cd hoa mau
hong (cosmos caudatus), hoa mau vang
hoac cam (cosmos sulphureus) va cé
nhiéu mau hoa (cam, hong, trang, tim)
(cosmos bipinnatus) c6 nhiéu nhém hop
chit nhu: polyphenol, flavonoid,

anthocyanin, p-caroten... Cac loai sao
nhai khac nhau cling c6 nhitng hoat tinh
sinh hoc khéc nhau da dugc ching minh
qua cac thtr nghiém in vitro va in vivo nhu
khang khuan, khang oxy hoa, {rc ché hoat
dong cua cac enzym, chéng viém, chong
tang huyét 4p, ngin ngira lodng xuwong
(Andarwulan et al., 2010; Rasdi et al.,
2010; Kaisoon et al., 2011; Javadi et al,
2014; Wan-Nadilah et al., 2019). O Viét
Nam, cong bd khoa hoc trén céc loai sao
nhai van con han ché nén can dugc
nghién ctru vé hoat chat cling nhu hoat
tinh sinh hoc. Thong qua khao sat ham
luong polyphenol, flavonoid toan phan
va kha nang khang oxy hoda cta cac cao
chiét 14 va hoa cta 3 loai Sao nhai (chi
Cosmos) gitp khang dinh hon tiém ning
cua loai cay nay, lam phong phu cho
ngudn dugc lidu trong nudc va cung cip
s6 liéu cho nghién ctru tiép theo.

2. PHUONG TIEN VA PHUONG
PHAP

2.1. Nguyén liéu nghién ctru

Mau 14 va hoa cic cay sao nhai (hong,
vang, tim) dugc thu hai & Dong bang song
Cuu Long vao thang 9/2019 - 01/2020,
nguyén liéu dugc rira sach va say kho ¢
40°C, bao quan ¢ nhi¢t do phong.

2.2. Phuwong phap nghién ciru
2.2.1. Héa chit

Céc hoa chat dugc sir dung trong thi
nghi¢m: Ethanol (Chemsol), methanol
(Xilong), 2,2-diphenyl-1-picrylhydrazyl
(DPPH - Sigma), Folin - Ciocalteu
(Merck), acid gallic (Sigma), quercetin
(Sigma), acid ascorbic (Prolabo).
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2.2.2. Chiét xuit cao toan phin

L4 va hoa ciia ba loai sao nhai (hong,
vang, tim) duoc chiét kiét theo phuong
phap ngam lanh c6 hd tro siéu am, moi
loai gdbm 100 g mau (14 hodc hoa) cho vao
ngam véi 1.000 mL ethanol 50% trong 30
phut, roi tién hanh xu 1y séng siéu 4m &
40 °C trong 30 phut. Sau do, loc thu dich

chiét va co6 dudi dung méi. Cho tiép
ethanol 50% vao ba duoc li¢u, 1dp lai cac
budc trén cho dén khi nho dich chiét 1én
lame kinh khong con thay vét (Nguyén
Kim Phi Phung, 2007).

Cac cao chiét co do am cao chiét va
hi¢u suat chiét thé hién qua Bang 1.

Béang 1. B am cao chiét va hiu suat chiét ctia cdc mau cao chiét Sao nhai

bd am cao chiét

Hiéu suat chiét

Cao chiét Ky hiéu (%) (%)
La sao nhai hong LH 14,20 39,81
Hoa sao nhai héng HH 15,46 38,52
L& sao nhai vang LV 14,01 41,98
Hoa sao nhai vang HV 8,22 32,86
L& sao nhai tim LT 11,37 31,87
Hoa sao nhai tim HT 6,78 43,89

2.2.3. Dinh tinh mét sé6 hop chit tw
nhién

Phuong phap dinh tinh 6 mau cao

chiét (10 mg/mL), thyc hién theo mé ta
cua Tiwari et al. (2011), dugc tién hanh
theo Bang 1.

Bang 1. Thir nghiém dinh tinh hop chat

Hop chit dwge dinh tinh

Thuc hién phan @ng dinh tinh

Két qua phan @ng

Polyphenol va tannin
FeCls (5%)

2 mL cao chiét + 2 mL H,O + 2-3

Mau xanh den

Flavonoid 1 mL cao chiét + bot Mg + vai giot Mau hdng
H2SO4 dam dac
Coumarin 2 mL cao chiét + 3mL NaOH 10% ~ Mauvang
Saponin 2 mL cao chiét + 4 mL nudc cat, lic  Sui bot, bot cao trén

manh

1cm/15 phat

Chi tiéu danh gid: Quan sdt hién twong mau sdc trwde va sau phan ung dé ghi nhdn cé
hodc khéng cé cdc hop chdt tw nhién trong cao chiét.
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2.24. Xdac dinh ham luwgng poly-
phenol toan phain

Ham lugng polyphenol dugc thuc hi¢n
theo phuong phap Folin - Ciocalteu dugc
mo ta boi Ramiréz et al. (2016) voi mot
sd hiéu chinh. Pha lodng cac miu cao
chiét bang methanol dé dat néng do 0,5
mg/mL va dung dich chuan acid gallic
ndng do 10; 20; 30; 40 va 50 pg/mL. Lay
0,2 mL dung dich chuan acid gallic mdi
ndéng do thém viao 6 mL nudc cat duge
tron v6i 0,5 mL thudc tht Folin -
Ciocalteau trong 5 phat va 1,5 mL dung
dich Na2CO3 20% duoc thém vao sau do,
tiép tuc thém 1,8 mL nuéc cat. Po hép thu
(Abs) cua dung dich sau phan g dugc
do & budc song 758 nm sau 2 gid U tdi &
nhi¢t do phong. Thi nghiém duoc ldp lai
3 lan. Cac mau cao chiét duoc tién hanh
tuong tu véi acid gallic. Gid tri Abs duoc
ghi nhan va tién hanh v& duong thiang
hiéu chuin dé st dung xac dinh ham
luong polyphenol trong cac mau cao
chiét. Cac mau cao chiét dugc tién hanh
tuong tu véi acid gallic. Ham lugng
polyphenol cua dugc liéu dugc tinh dya
trén phuong trinh dudng chudn y = ax +
b cta chit chuan acid gallic va tinh bang
cong thuc:

pP= axV xNxH

m

Trong do: P: Ham lugng polyphenol
(mg GAE/g dugc li¢u kho);

a: Gia tri x tir duong chudn véi acid
gallic (ng/mL);
V: Thé tich dich chiét (mL);

m: Khéi luong cao chiét c6 trong thé
tich V (g);

N: B am cao chiét;
H: Hiéu suat cao chiét.

2.2.5. Xdc dinh ham lwgng flavonoid
toan phan

Ham lugng flavonoid dugc thuyc hi¢n
theo phuong phap tao mau voi AlCls
trong moi truong kiém duoc mé ta boi
Marinova et al. (2005) voi mot s hiéu
chinh. Dung methanol pha lodng cac mau
cao chiét dé dat nong d6 1 mg/mL va
dung dich chuan quercetin nong do 10;
20; 40; 60 va 80 pg/mL. Ldy 1 mL dung
dich chuan quercetin mdi nong do thém
vao 4 mL nudc cat lic déu véi 0,3 mL
dung dich NaNOz 10%. Sau 5 phat thém
tiép 0,3 mL dung dich AICls 10%, 2 mL
dung dich NaOH 1M va 2,4 mL nudc cét
dugc thém vao 6 phut sau d6. Do hap phu
cua dung dich phan tng dugc do ¢ budc
song 510 nm, sau 10 phat. Thi nghiém
duoc lap lai 3 lan. Cac mau cao chiét
dugc tién hanh tuwong tu voi quercetin.
Giéa tri Abs dugc ghi nhan va tién hanh v&
duong thing hiéu chuan dé sir dung xac
dinh ham lugng flavonoid trong cac mau
cao chiét. Cac mau cao chiét dugc tién
hanh tuong ty véi quercetin. Ham lugng
flavonoid dugc tinh dya trén phuong
trinh duong chuan y = ax + b cua chat
chuén quercetin va tinh bang cong thirc:

axV

m

F= xNxH

Vo1 F: Ham lugng flavonoid (mg
QE/g duoc liéu kho);
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a: Gia tri x tr duong chuan véi (Ac-A)
quercetin (ug/mL); HTCO (%) = A 100
V: Thé tich dich chiét (mL); _ \
V61: HTCO: Phan tram khang oxy

m: Khéi luong cao chiét co trong thé
tich V (g);

N: Do am cao chiét;
H: Hiéu suat cao chiét.

2.2.6. Xdac dinh hoat tinh khang oxy
hoa

Kha nang khang oxy hoéa dugc thuc
hién theo phuong phap DPPH (2,2-
diphenyl-1-picrylhydrazyl) (Chanda and
Dave, 2009). Pha lodng cac mau cao chiét
v61 methanol dat n6ng do 100; 250; 500;
750 va 1.000 pg/mL va dung dich acid
ascorbic néng do 10; 20; 30; 40 va 50
ng/mL. Lay 0,5 mL dung dich cao chiét
(hoic acid ascorbic) mdi néng d6 thém
vao 3 mL methanol, thém tiép 0,5 mL
dung dich DPPH (0,6 mM). Sau 30 phut
U trong tdi & nhiét d6 phong, d6 hap thu
dugc ghi lai & 517 nm. Thi nghiém duogc
lap lai ba lan. Kha ning khang oxy héa
duoc xac dinh dua vao gia tri ICso. Gia tri
ICs0 dugc tinh duya trén phuong trinh
tuyén tinh cta timg loai cao khao sat.
Acid ascorbic 1a ching duong. Hoat tinh
khéng oxy hoa dugc tinh theo cong thirc:

hoa (%);
Ac: Mat d6 quang cua ching am;
A:: Mat d6 quang ctia mau thur.

Phuong trinh dudng chuin y = ax + b
duoc xac dinh dua vao phﬁn tram tc ché
gbc tu do & cac nong do khac nhau. Véi
y = 50 dé suy ra ICso (kha ning @c ché
50% DPPH ctia mau). Céc s6 liéu két qua
thir nghiém duoc biéu thi trung binh cua
3 1an do khac nhau.

SO litu duoc tinh toan, phén tigh
ANOVA va so sanh trung binh bang phan
mém SPSS 16.0.

3. KET QUA VA THAO LUAN

3.1. Két qua dinh tinh mot s6 hop
chat tw nhién

Két qua dinh tinh mot $6 hop chit tu
nhién cua cac chiét ethanol 14 va hoa cua
3 loai sao nhai duoc thé hién ¢ Bang 2.
Két qua cho thiy, polyphenol va
flavonoid déu hién dién trong 14 va hoa
clia cac cao chiét thir nghiém. Hop chét
saponin chi co6 trong hoa cua cac loai sao
nhai, nguoc lai, coumarin thi chi c6 ¢ 14
sao nhai.
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Bang 2. Két qua dinh tinh cac hop chit ty nhién va hiéu suét cia cc cao chiét

Polyphenol

Cao chiét N . Flavonoid  Coumarin  Saponin
va tannin
LH + + + -
HH + + - +
LV + + + -
HV + + - +
LT + + + -
HT + + - +

Ghi chi: (+) ¢6, (-) khong. Trong dé, LH: Ld sao nhdi hong; HH: Hoa sao nhdi hong; LV:
La sao nhai vang; HV: Hoa sao nhéi vang; LT: La sao nhai tim; HT: Hoa sao nhai tim

3.2. Ham lugng polyphenol va flavo-
noid

Ham luong polyphenol toan phan
(TPC) va flavonoid toan phan (TFC) voi
chat chuan tuong ung la acid gallic

(phwong trinh tuyén tinh y = 0,0003x +
0,0070, R2z = 0,9996) va quercetin
(phwong trinh tuyén tinh y = 0,0026x +
0,0158, R? = 0,9998). Trén co s& cac
duong chuan nay, két qua duoc xac dinh

va trinh bay ¢ Bang 3.
Bang 3. Ham lugng polyphenol, flavonoid ctia cic cao chiét
Cao chiét TPC (mg GAE/qg) TFC (mg QE/g)
LH 287,91 + 2,19% 269,92 + 2,422
HH 290,65 * 2,622 204,59 + 2,02°
LV 275,53 + 2,40° 266,70 * 2,442
HV 281,77 +2,01%° 78,90 £ 2,92¢
LT 71,78 £ 2,90° 64,93 £ 1,58°
HT 197,45 + 2,27¢ 44,80 + 2,28¢

Trong cing mét cét, cdc sé trung binh theo sau béi mét hodc nhitng chir cdi giong nhau thi
khdc biét khéng cé y nghia thong ké ¢ mikc y nghia 5% bang phép thir Tukey. Trong do,
LH: Ld Sao nhdi hong; HH: Hoa Sao nhdi héng; LV: L& Sao nhai vang; HV: Hoa Sao

nhai vang; LT: La Sao nhai tim; HT: Hoa Sao nhai tim.

Két qua & Bang 3 cho thay, ham luong

va HH) c6 luong polyphenol (lan luot 14

polyphenol & c&c cao chiét tir hoa cao hon 287,91 mg GAE/g va 290,65 mg GAE/Q)

so Vvoi la va nguoc lai, ham luong
flavonoid thi c6 nhiéu ¢ 14 hon so véi hoa.
Cac cao chiét 1a va hoa sao nhai hong (LH

va flavonoid (twong tng la 269,92 mg
QE/g va 204,59 mg QE/g) cao nhat so voi
2 loai sao nhai vang va tim. Tuy nhién,
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khong c6 su khac biét vé ham luong
polyphenol thu duogc tir 14 va hoa trén sao
nhai hong va sao nhai vang (p < 0,05). Su
hién dién cac hoat chat trong thuc vat noi
chung hay luong polyphenol va flavonoid
noi riéng phu thudc vao nhiéu yéu to tac
dong trong qua trinh sdng va phat trién
cua cay.

Khi nghién ctru ham lugng polyphenol
toan phan va flavonoid toan phén co
trong hoa va 14 cua cay cang cua & An Do
(Rehman et al., 2017) va & Trung Qudc
(Liu et al., 2018) da c6 nhan dinh trai
nguoc nhau. Theo Rehman et al. (2017)
da chi ra rang ham luong polyphenol toan
phan trong hoa cang cua cao hon 14,
nhung ham luong flavonoid toan phan ¢
14 lai cao hon hoa; nguoc lai, theo Liu et
al. (2018) 14 cang cua c6 ham lugng
polyphenol va flavonoid toan phan cao
hon so vé&i hoa. Piéu nay cho thiy, su

thay d6i vé vi tri thd nhudng c6 thé lam
anh huéng dén ham luong polyphenol,
flavonoid va nhitng chat khac cé trong
cay (Zhang et al., 2018).

3.3. Hoat tinh khang oxy hda

Hoat tinh khang oxy hoa ciia cac mau
cao thur nghi€ém dugc danh gia qua kha
nang tc ché goc tw do DPPH. Tur két qua
& Bang 4 cho théy, mac du 14 va hoa cua
ba cdy sao nhai déu co tac dung trc ché
gbc tr do DPPH, tuy nhién, kha ning trc
ché con thap khi so v6i chimg duong acid
ascorbic (ICso 1a 3,59 pg/mL) thi hi¢u qua
trc ché gdc tu do cuia cac cao thir nghiém
thap hon khoang ba lan. Bén canh d6, cac
chiét xuat tir hoa cho thay kha ning khéng
oxy manh hon 14, nhat 13 hoa sao nhai
vang (HV) va hong (HH) véi ICso lan luot
1a 10,71 pg/mL va 10,73 pg/mL, ké dén
la 14-hong va 1a-vang.

Bang 4. Hoat tinh khang oxy héa cua cic cao chiét

Mau Gia tri ICso (ug/mL)
Acid ascorbic 3,59 + 0,012
LH 10,98 + 0,16
HH 10,73 £ 0,22°
LV 11,55 + 0,25¢
HV 10,71 + 0,24°
LT 43,80 + 0,08¢
HT 46,43 +£0,31°

Trong ciing mot cét, cdc so6 trung binh theo sau béi mét hodc nhitng chit cdi giong nhau thi
khdc biét khéng cé ¥ nghia thong ké ¢ mike y nghia 5% bang phép thir Tukey. Trong do:
LH: Ld sao nhdi hong; HH: Hoa sao nhdi hong; LV: L& sao nhai vang; HV: Hoa sao nhai
vang; LT: La sao nhai tim; HT: Hoa sao nhai tim.
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Nhin chung, cao chiét c6 ham luong
polyphenol cao thé hién hoat tinh khang
oxy hoa cao hon va nguogc lai. Ngoai ra,
ham luong flavonoid ciing c6 thé anh
hudéng dén kha ning khang oxy hoa cia
cac cao thr nghiém. Theo Okawa et al.
(2001), kha ning trc ché gdc tw do DPPH
bi anh huong chinh tr vi tri nhdém OH,
cac flavonoid (quercetin, rutin va nhém

flavanol) cho thay hoat tinh manh khi c6
catechol trong cau triic. Trong truong hop
nay, kha nang khang oxy hoéa cua la sao
nhai tim (43,80 pg/mL) manh hon hoa
(46,43 pg/mL) c6 thé do luwong flavonoid
cao hon, ddy 1a mot hop chat chiém ty 18
cao trong nhom polyphenol va 1a chat
khang oxy héa manh (Dewick, 2001).

Bang 5. Hé s twong quan giita ham lugng polyphenol, flavonoid va ICso ciia cac miu cao
thir nghiém thong qua phép so sanh tuong quan Pearson.

Hé s twong quan Pearson (r) Polyphenol Flavonoid ICs0
Polyphenol 1
Flavonoid 0.632* 1
ICso -0.865** -0.738** 1

#%_ Twong quan cé y nghia thong ké ¢ mirc 0,01

Céc nghién ctru da ching minh dugc
mdi lién hé gitra ham luong polyphenol,
flavonoid va kha nang khang oxy hoa &
thuc vat (Surveswaran et al., 2006; Razali
et al., 2012). Mdi lién hé giira gia tri ICso
v6oi ham lugng polyphenol va flavonoid
trong cac cao thtr nghiém duoc xac dinh
thong qua hé sé twong quan (r) dugc trinh
bay ¢ Bang 5. Nhu vay, co6 su tuong quan
gitta kha nang khang oxy héa véi ham
lugng polyphenol (r = 0,86) va flavonoid
(r=0,73). Nghién ctru trén chiét xuat cta
sao nhai hong, Cheng et al. (2016), ciing
da xac dinh su twong quan chit gitra ham
luong polyphenol va hoat tinh khang oxy
hoa, voi r = 0,99. Sy chénh 1énh nay co
thé do trong cac cao thir nghiém c6 mot
s6 hop chat non-polyphenol c6 thé phan
tmg voi thube thir Folin - Ciocalteu
nhung khong c6 kha nang bat gbc tu do
nhu acid citric, D-glucose, sat (II)

sulfat... diéu nay c6 thé tic dong moi
twong quan gitta ham lugng polyphenol
va hoat tinh khang oxy hoa ctia cac mau
thtr nghiém (Luis et al., 2006).

Ngoai ra, ham lugng flavonoid thu
dugc trong 14 déu cao hon & hoa (p <
0,05). Két qua thu duoc lam tién dé cho
cac nghién ctru trén cdy sao nhai vé hoat
tinh sinh hoc nhu chéng viém, trc ché a-
glucosidase, gay doc té bao... giap dinh
hudng cho viéc st dung duoc li¢u trong
phong ngtra va diéu trj bénh.

4. KET LUAN

Ca ba loai sao nhai (chi Cosmos) déu
c6 kha nang khang oxy hoda, dac biét la
sao nhai hong (Cosmos caudatus) va sao
nhai vang (Cosmos sulphureus), tuwong
ung véi luong polyphenol va flavonoid
thu duogc nhiéu hon so voi sao nhai tim
(Cosmos bipinnatus). Co su tuwong quan
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gitta kha nidng khang oxy hdéa véi ham
lugng polyphenol va flavonoid trong la
va hoa cua ba loai sao nhai.
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TOTAL POLYPHENOL, FLAVONOID AND ANTIOXIDANT
ACTIVITY OF LEAVES AND FLOWERS IN THREE SPECIES
COSMOS (Asteraceae).

Dang Gia Le, Le Thi Gam, Pham Doan Vi and Huynh Ngoc Trung Dung”
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ABSTRACT

Antioxidant abilities of three species cosmos were determined using the DPPH radical
scavenging method and their total polyphenol contents were measured by the Folin - Ciocalteu
method, the total flavonoid contents were measured by the aluminum chloride colorimetric
method. Results showed that the total polyphenols content in flowers were higher than those of
leaves, especially the cosmos caudatus flowers (290.65 mg GAE/g dry weight), in contrast, the
total flavonoids content in leaves were higher than those of flowers, specially the cosmos
caudatus and cosmos sulphureus leaves (269.92 and 266.70 mg QE/g dry weight). The
antioxidant activities of extracts from cosmos caudatus and cosmos sulphureus were also
stronger than that of cosmos bipinnatus (IC50 from 10.71 to 11.55 ug/mL) compared to Acid
ascorbic acid 3,59 ug/mL. In addition, there was a positive correlation between the total
polyphenol content and antioxidant activity (r = 0.865).

Keywords: Antioxidant, cosmos bipinnatus, cosmos caudatus, cosmos sulphureus, DPPH,
flavonoid, polyphenol
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