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TOM TAT

Noi dung cta nghién ctru nham phat trién phuwong phap quang phd UV-Vis, sir dung thude thir
Folin-Ciocalteu dé dinh lugng nhanh va chinh xac ham lugng polyphenol toan phan trong qua va ci
hanh tam. Nghién ctru d xac dinh cac diéu kién t6i wu cho phan tmg tao phirc mau, gdm pH dao dong
trong khoang 8,67-8,95 va ti 1é mol Na,COs/Folin trong dung dich do quang 14 3,6, trong ting v6i ndng
d6 ban dau cua thudc thir Folin 13 0,20 mol/L va Na2COs 14 1,2 mol/L, véi thdi gian phan tmg 2 gid ¢
nhiét ¢ phong. Phuong phép dé xuat dat do nhay cao, MDLs (US.EPA) = 0,049 mg/L; LOD (JAOAC)
= 0,051 mg/L, LOQ = 0,155 mg/L, khoang tuyén tinh (0,2-20 mg/L) rong, phu hop dé xac dinh ham
luong polyphenol trong cac mau thye vét ¢6 ham luong polyphenol cao, dong thoi giam sai s6 do qua
trinh pha lodng mau. Nghién ctru ciing da xac dinh cac diéu kién chiét xuat polyphenol tir cii va qua
hanh tim, trong d6 ethanol 70% dugc st dung lam dung moi chiét di véi cii va ethanol 50-70% dbi
v6i qua, két hop voi phuong phap chiét siéu 4m ¢ 30 °C trong 30 phut hodc ngam trong bé 6n nhiét &
70 °C trong 30 phit. Két qua phan tich cho thiy ham lugng polyphenol trong cti hanh tim cao hon so
v6i qua, 1an lugt 14 9,21 + 0,29 mg/g chit kho (hay 2,48 + 0,08 mg/g ci tuoi) va 7,97 + 0,26 mg/g chit
kho (hay 2,38 = 0,08 mg/g qua tuoi).

Tuwr khoa: Polyphenol, Folin-Ciocalteu, hanh tam, Allium schoenoprasum L., UV-Vis.

1. MO PAU

Polyphenol 1a cac chét chuyén hoa thur ce‘ip cua thyc vat, khong chi dong vai trd bao vé thuc vat
ma con mang lai nhidu loi ich cho strc khoe con ngudi. Dya trén cau trac héa hoc, polyphenol dugc
phan loai thanh flavonoid, phenolic acid, stilbene, lignan, trong d6 flavonoid 1a nhom 16n nhit véi cac
phan nhém da dang nhu flavonol, flavone, isoflavone, flavanone va anthocyanidin [1, 2]. Do ¢6 kha
nang trung hoa cac gdc ty do, khang viém va phong ngira nhiéu bénh nhw ung thu, bénh tim mach va
thoai hoa than kinh [3], polyphenol tré thanh d6i twong nghién ctru quan trong trong linh virc thyc pham
va dugc lidu.

Dé phan tich cac hop chét nhom polyphenol, phuong phap sic ky long hiéu ning cao (HPLC)
thuong duoc sir dung dé dinh luong chinh xéac timg hop chat polyphenol riéng 1¢ trong cac mau nhur
nudc ép trai cay, rau ct, dich chiét tir thao dugc [4, 5]. Tuy nhién, phuong phap nay doi hoi thiét bi hién
dai va quy trinh phirc tap, nén chua phu hop dé sur dung trong cac nghién ciru ban dau hodc phan tich
nhanh. Nguoc lai, phuong phap quang pho v6i thude thir Folin—Ciocalteu don gian hon, hiéu qua va
duogc ung dung rong rai dé dinh luong tong ham luong polyphenol (TPs) trong thuc pham [6, 7], dich
chiét tir thuc vat [8, 9], trong ché theo TCVN 9745-1:2013 va ISO 14502-1:2005 [10, 11], cling nhu
trong dich chiét tir hat nho, v6 nho, ca phé, ca cao va tra den theo AOAC 2017.13 [12]. Nguyén ly cua
phuong phép nay dua trén phan ng cta cac hop chét phenolic vé6i thude thir Folin-Ciocalteu (hdn hop
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gdm phosphotungstate va molybdate). Trong mdi trudng sodium carbonate, cac nhém phenolic bi phan
ly, tao thanh céc anion phenolate, cac anion nay c6 kha ning khir ion Mo®* trong thudc thir thanh Mo**,
tao phtc chat mau xanh lam, c¢6 thé do bang quang phd UV-Vis [2]. Mic du cac quy trinh phan tich
polyphenol tong bang thudc thir Folin—Ciocalteu dua trén ciing mot nguyén tic hoa hoc, cac quy trinh
phan tich van c¢6 su khac biét dang ké, dic biét ¢ trinh ty thém thude thir, nong d6 thude thir va didu
kién phan tmg. Do d6, ¢é dam bao d6 chinh xac va do tin cdy ciia két qua phan tich, can thiét phai xay
dyng va téi wu héa quy trinh phan tich phu hop cho timg loai mau cu thé.

Hanh tadm hay nén (Allium schoenoprasum L.) 1a mét loai thuc vat thudc ho hanh (4/liaceae), c6
ngubn gbc tir chau Au va chau A Hanh tadm c6 14 manh, mau xanh dam va hoa mau tim nhat, huong vi
cay nong dac trung [9]. Trong s6 céc loai Allium duge khao sat, hanh tam (Allium schoenoprasum L.)
¢6 ham lugng polyphenol tong cao nhat (1.591 + 10,89 mg/kg) [9]. Cac nghién clru gan day cling xac
dinh trong than, 14 va hoa hanh tim chtra lugng dang ké cac polyphenol quan trong nhu p-coumaric
acid, ferulic acid, gallic acid, kaempferol, quercetin, quercetol, isorhamnetin va rutin [13], cho théy tiém
ning tng dung cia loai cdy nay trong linh vuc cong nghiép thuc pham va duoc licu.

Tai Viét Nam, hanh tim dugc trong phd bién ¢ mién Trung va Tay Nguyén [14, 15], khong chi
dugc biét dén nhu mot gia vi quen thudc ma con la mot thao dugc quy, co nhiéu duoc tinh theo y hoc
dan gian, v6i cac cong dung nhu hd trg tidu hoa, giam ho va khang khuan. Dic biét, qua (hat) hanh tim
két hop v6i dau tram thuong duoc dung 1am dau xoa cho tré so sinh. Dé danh gia chit luong va tiém
nang ing dung cua loai cdy nay, viéc dinh lugng chinh xac ham lugng polyphenol trong cu va qua (hat)
ctia hanh tam 1a cap thiét. Ket qué nghién ciru s€ cung cap co 8¢ khoa hoc cho viée khai thac cac hoat
tinh sinh hoc ciing nhu tao tién dé cho cac nghién ctru tiép theo vé cay hanh tam. Do d6, muc tiéu cua
nghién ciru nay 1a dya trén phuong phap quang phd UV-Vis véi thude thir Folin-Ciocalteu, xay dung
mot quy trinh dinh Iugng nhanh, chinh xac va hiéu qua dé xac dinh ham luong polyphenol toan phan
trong qua va cu hanh tam thu hai tai huyén Cam L9, tinh Quéang Tri, Viét Nam.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu va héa chit
2.1.1. Nguyén liéu
Qua (hat) va ct hanh tam tuoi dugc tréng va thu hai ¢ khu vyc huyén Cam L, tinh Quang Tri,

Viét Nam vao thang 4-5/2024. Qua va cu h@lnh tam tuoi sau khi dugc rira sach, loai bo tap chét, s& dugc
bao quan ¢ nhiét d¢ 1-5 °C, dung trong suot qua trinh thi nghiém.

Hinh 1. Qua va cu hanh tam (4//ium schoenoprasum L.)

2.1.2. Héa chdt

Hoa chét sir dung cho nghién ctru nay 12 loai tinh khiét hoa hoc va tinh khiét danh cho phén tich:
Gallic acid monohydrate ((HO);CsH2CO,H.H,0, > 98,0%, Sigma-Aldrich); thude thir Folin-Ciocalteu
(CioHsNaOsS, 99%, Merck); Sodium carbonate (Na,COs, > 99,8% Xilong, Trung Quéc); Ethanol
(C,HsOH, 99,7%, Xilong, Trung Quéc); Acetonitril (CH3CN, > 99,9% Fisher, M¥).

2.2. Thiét bi
My quang phd hai chum tia Jasco-double beam spectrophotometer model V530 (Nhat) véi cell

do co chié}l dai duong truyén 1 cm. Bé siéu 4m Elmasonic S 100 H (tan so siéu 4m 37 kHz, Elma, Dric)
va céc thiét bi thong dung khac.
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2.3. Phuong phap nghién ctru
2.3.1. Chudn bi dung dich chuan goc va dung dich chudn khao sat

Can chinh xac 0,1000 g gallic acid, hoa tan va dinh mirc 100 mL, thu dugc dung dich chuan gbc
1.000 pg/mL. Dung dich chuén khao sat dugc pha loang tir dung dich chuan goc dé thu dugc cac dung
dich c6 nong d6 trong khoang 1-50 pg/mL.

2.3.2. Chiét xudt polyphenol tir qua va cii hanh tam

Quy trinh chiét xuat trong nghién ctru duge thyc hién theo hudng thay thé cac dung méi hitu co
doc hai bang ethanol va hdn hop ethanol/nudc, nham giam mirc do sir dung dung moi co nguy co gay
anh huong dén sirc khoe, moi trudng va sir dung thiét bi hién dai dé nang cao hiéu suat qué trinh chiét
xuét [16, 17]. Nguyén li€u hanh tam tuoi sau khi rira sach va loai bo tap chét, duoc xir Iy so bo béng
cach cit nho va xay nhuyén.

Quy trinh chiét xuit bao gdm hai phuong phap: chiét xuat hd tro siéu am (30 °C trong 30 phuat) va
chiét xuat gia nhiét (70 °C trong 30 phut). Ca hai phuong phap déu sir dung ti 1& dung mdi/nguyén li¢u
14 25,0 mL/0,2 g, v6i cac dung moi gom ethanol va hdn hop ethanol/nuée & cac nong do 70%, 50% va
25% (v/v). Két qua phan tich tong polyphenol (TPs) tir hai quy trinh dwgc so sanh véi nhau va véi quy
trinh chiét xuat polyphenol theo tiéu chuan TCVN 9745-1:2013, sir dung dung méi methanol 70% &
70 °C trong 10 phit. Cac budce thi nghiém trong quy trinh chiét xuit polyphenol tir qua va ci hanh tim
duoc thuc hién theo Hinh 2.

; -

(1)Cavaquanén  (2) Xay nhuyén (3) Chiét xuét (4) Dich chiét  (5) Phan tich TPs

Hinh 2. Céc budc thi nghiém trong quy trinh chiét xuit polyphenol

2.3.3. Khdo sat va tham dinh phirong phdp xdc dinh polyphenol toan phan (TPs)

2.3.3.1. Khdo sat cac yéu td anh huong dén phan ung gitra thude thir Folin-Ciocalteu va chuan d6i chimg
gallic acid

Céc thong s6 khao sat bao gdm: (1) budc song hip thu cuc dai; (2) trinh ty phan tng; (3) ndng do
Na,COs, pH, ndng do thude thir Folin va ti 16 thudc thir Folin-Na,COs; (4) dong hoc phan tmg. Quy
trinh tao phirc mau dwoc thuc hién theo ISO 14502-1:2005 [11] c6 didu chinh theo huéng dinh lwong
nhanh (test kit) va giam lugng thudc tht Folin cu thé nhu sau: 1,0 mL dung dich chuén gallic acid; 2,5
mL thudc thtr Folin-Ciocalteu va 1,5 mL Na,COs, lac déu, dé yén ¢ nhiét do phong trong thoi gian 60
phit. Nuéc cat duoc sir dung lam mau trang. Do hap thu (Abs) ciia dung dich phirc mau dugc do bang
cuvet thach anh (d¢ dai duong truyén 1 cm), va dugc dung nhu 13 ham muc tiéu dé xac dinh diéu kién
t6i wu cho phuong phap. Phan tich phuong sai (ANOVA) mét hodc hai yéu t6 va kiém dinh HSD ciia
Tukey (p < 0,05) dugc sir dung dé danh gia thong ké va so sanh cac gia tri Abs trung binh.

2.3.3.2. Tham dinh phuong phap xéc dinh polyphenol toan phan (TPs)
a. Tinh dac hiéu cua phwong phap

Do dic hidu cua phuong phép 1a kha ning ctiia phuong phép phan tich chinh xac chét phan tich
ma khong bi nhiéu bai dung méi va cac chét khac c6 mit trong mau, do dic hiéu dugc xac dinh béng
cach so sanh phd hép thu trong khoang khao sat 600 dén 900 nm cia phtrc tao thanh giita thudc thir
Folin v6i dung méi, dung dich chuan gallic acid, dich chiét tir qua va cu hanh tam, dich chiét thém
chuén gallic acid [18].

b. Xdc dinh MDL, LOQ va khodang tuyén tinh (LOL) ciia phwong phdp theo US.EPA
Céc yéu t6 nhu giéi han phat hién ciia phuong phap (MDL-Method Detection Limit) va gi¢i han
dinh lugng (LOQ- Limits of quantification) dugc xac dinh theo nhu hudng dan trong quy trinh xac dinh
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MDL, LOQ cta US.EPA [19, 20]. MDL dugc US.EPA dinh nghia la ndng do ti thiéu ciia mot chit co
thé duoc dp va cho l§ét qua véi do tin cdy 99%, MDL dugc xac dinh nhu cong thie (1) va LOQ duogc
xac dinh bang 3,18 lan MDL; [20].
MDL = tn-1,1-0=0,99xSDj N i (1)

V6i MDL;: Gidi han phat hién phuong phép dua trén mau chuan; tn-1,1-0-099) = 3,143 va SDs: B

léch chuan ctia cac mau chuan duoc do lip lai nhiéu lan.
~ Khoang tuyén tinh (LOL) duoc tinh tir LOQ dén nong d6 16n nhat sao cho phuong trinh hoi quy

tuyen tinh A = £ (C) ¢6 hé s0 twong quan hoi quy (Coefficient of correlation) R? > 0,99.
c. Thiét lgp dwong chudn va xdc dinh d¢ ding, @ chinh xdc ciia phirong phép

Dua vao két qua khao sat so bd ham lugng polyphenol trong mau va khoang tuyén tinh ciia phuwong
phap d¢ thiét 1ap duong chuan voi khoang nong d¢ gallic acid phu hop. D6 dung cua phuong phap phan
tich dugc danh gia bang cach ap dung phuong phap phan tich da hiéu chinh d¢ phan tich polyphenol
trong dich chiét qua va cu hanh tdm c6 va khong c6 bo sung lugng gallic acid da biét, dam bao do hap
thy cuia ca mau thém chuén va khong thém déu thudc khoang tuyen tinh xac dinh. B¢ ding duoc danh
gia thong qua hi¢u suat thu hoi gallic acid (cong thirc (2)) va phuong phap duoc xem la dat yéu cau vé
do dang ncu higu suat thu hoi trong khoang tir 85% dén 115% [21, 22].

H(%) = %x 100 ()

V6i : mpsc 12 lugng acid gallic (tinh bang mg) ¢6 trong mau thém chuén
mp 12 lwgng acid gallic (tinh bang mg) c6 trong mau khong thém chuan
mc 1a lwong acid gallic (tinh bang mg) thém vao

D6 chinh xdc cua phuong phap dugc xac dinh thong qua xac dinh do 1ap lai (RSD(%)) cua 6 lén
phan tich cac mau dich chi€t va mau chuan c6 nong d6 khac nhau trong khoang tuyén tinh, d¢ 1éch chuan
SD va d¢ 1éch chuan twong doi RSD(%) dugc tinh theo cac cong thire (3) [23].

SD = /Z(fl—_‘l)z RSD(%) = 2x100 3)

Trong d6: SD: d¢ léch chuén; n: sb 14n thi nghiém; x;: gia tri tinh duoc cf}a 1an thir nghiérn thwr
X: gia tri trung binh cua cac lan thir nghiém va RSD(%): d¢ 1éch chuan tuong doi.

[7331)
1 >

2.4. Phwong phap xir 1y s6 liéu

Tét ca céc thi nghiém dugc b tri 13p lai 3 1an dé dam bao tién hanh phén tich ANOVA. S6 ligu dugc
phén tich ANOVA bang phan mém Microsoft Excel va so sanh sy khac nhau gitra cac gia tri trung binh
sau phan tich phuong sai theo kiém dinh Tukey HSD véi d6 tin cdy 95% trén phan mém SPSS 16.0.

3. KET QUA VA THAO LUAN

3.1. Két qua khao sat cac yéu t6 anh hwéng dén phan tng gitra thudc thir Folin-Ciocalteu va chuén
doi chirng acid gallic

3.1.1. Khdo sdt phé hdp thu va lua chon bude séng hdp thu toi wu

Két qua so sanh pho hap thu cta dung dich phirc mau va dung dich nén (khong chira gallic acid)
trong dai budc song 600-900 nm (Hinh 3) cho thiy phtrc mau c¢6 dinh hip thu cuc dai tai 754 nm, trong
khi dung dich mau trng hip thu khéng dang ké (A = 0,017). Két qua nay c6 su chénh léch nhé so voi
tiéu chuan ISO 14502-1:2005 (dinh hap thy cuc dai 765 nm) [12], su khac biét nay c6 thé duoc giai
thich 1a do sy diéu chinh ty 18, ndng d6 thudc thir Folin-Ciocalteu va Na,COs trong nghién ciru ndy so
véi quy trinh theo ISO 14502-1:2005.
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Hinh 3. Phd hap thy ciia phtrc mau tao thanh khi acid gallic phan tmg thudc thir Folin
(Gallic acid (15 ppm); Folin 10%, Na:COs 1,2 M; thoi gian lén mau 60 phut)

3.1.2. Anh hwéng cua trinh ti phdn iimg

Két qua phan tich ANOVA mét yéu té cho thay trinh tu phan tng anh huong dang ké dén kha
nang tao phtrc mau, thé hién qua sy khac biét vé d6 hip thu (Abs) (p < 0,05 va F > Fui = 2,606) [24].
Bén canh do, két qua so sanh cac gia trj trung binh Abs bang SPSS (Tukey, v6i khoang tin cdy 95%)
chira réng, & cung néng d9 gallic acid, khong cé sy khac biét dang ké vé do ha?ip thu Abs giira trinh tu
AFN va FAN va déu cho d6 hép thu Abs cao hon dang ké so véi hai trinh tu con lai (Hinh 4). Xét cung
trinh tu phan Gng, hé s6 twong quan R? cua diy gdm 4 ndng d6 acid gallic ting dan (1, 2, 5, 10 pg/mL)
thu duoc cao & truong hop AFN va FAN (lan lugt 0,9994 va 0,9992). Két qua nghién ciru cho thiy
Na,COs duge thém ngay sau khi chuén acid gallic hay thudc thir Folin s& anh huéng dén tinh chét cua
acid gallic va thudc thir, nén anh huong dén phan mg tao phirc sau d6. Két qua nghién ciru phit hop véi
cac nghién ctru khac, trong d6, trinh tu phan ung gallic acid - Folin - Na,CO; (AFN), tuong ing véi
trinh ty duge quy dinh trong tiéu chuin ISO 14502-1:2005 [11] ciing phu hop véi nhiéu nghién ciru
khac [6, 7, 8, 9]. Nguoc lai, trinh ty Folin - gallic acid - Na;COj3; (FAN) tudn theo quy trinh dugc mo ta
trong tiéu chuan AOAC 2017.13 [12].

1,20
@(1) FAN
[ %3 B(2) AFN
B ol
e | e
0,80 o 8(3) ANF
e
7] [Eidee] o]
) i &(4) FNA
< S
F2] ] oo
0.40 ] L
-1 Faat l'w o] [
, b i o
el [ fredted
Bl bt N
el [ fredted
Eatedlf ] |
il e
b i
Facary [ s
0.00 LR
9

Nong d6 acid gallic (ng/mL)

Hinh 4. Anh huéng cua trinh ty phan tng
(1) Folin-Gallic acid-Na:COs (FAN), (2) Gallic acid-Folin-Na>COs3 (AFN);
(3) Gallic acid-Na:COs-Folin (ANF), (4) Folin-Na>COs-Gallic acid (FNA)
(néng doé gallic acid 1, 2, 5 va 10 ug/mlL, néng dé Folin la 5 %, NaxCOs 0,36 M)

3.1.3. Anh hwéng cia nong dé Na,COs, pH va nong dg thuée thir Folin

Dé khao sat anh hudng ciia ndng dd Na,CO;3 dén phan (g tao phtrc mau, ndng do thude thir Folin-
Ciocalteu dugc giir ¢d dinh ¢ mirc 5% (twong dwong 10% ndng d6 ban diu). Do thudc thir Folin-
Ciocalteu co tinh acid, viéc ting ndng d6 dung dich Na,COs s& dan dén ting pH cia dung dich phan
tg. Két qua thyc nghiém (Hinh 5) cho thay pH ciia dung dich phan tmg ting khi ting ndng d6 Na,COs,
nhung mirc d6 ting khong dong déu trong toan bd khoang khao sat. O ndng do Na,COs thap (0-0,5
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mol/L), pH tang nhanh, tir khoang 1,2 1én 6,4. Dac biét, khi néng d6 Na2COs tang tir khoang 0,2 1én 0,5
mol/L, pH ting manh. Khi ndng d6 Na,COs tiép tuc tang tir 0,5 dén 1,2 mol/L, pH tiép tuc ting nhung
v61 muc do thép hon, dat khoang 8,7. Tur 1,2 dén 2,0 mol/L, pH gén nhu 6n dinh, dao dong quanh 8,67—
8,95. Két qua cho thiy nong d6 Na.COs c6 anh hudng rd rét dén pH ciia dung dich phan tmg & ving
ndng do thap, va do d6, c6 thé anh huong dén phan tmg tao phirc mau trong khi ¢ nong do tir khoang
1,2 mol/L tr& 1én, su gia ting Na,CO;3 khong 1am pH thay dbi déang ké.

10,0 1

pH
W
k=)

0,0 0,6 1,2 1,8 2,4
Néng d6 Na,CO, (mol/L)

Hinh 5. Anh huéng ciia ndng d6 Na,CO3 dén pH dung dich sau tao phirc

Két qua phan tich phuong sai (ANOVA) cho thdy sy thay dbi pH dung dich do, thong qua viéc
diéu chinh néng d6 Na,CO; ¢6 anh huong dang ké dén phan tng gitra gallic acid voi thudc thir Folin
(F>Ferit= 3,19, pvanue < 0,05) [24]. So sanh gia trj trung binh cua do hap thu (Abs) bang kiém dinh Tukey
v6i khoang tin cdy 95% cho thay, ¢ cung nong d6 gallic acid, sy khac biét vé do héap thu gitra cac mirc
pH ¢6 y nghia thong ké; cu thé, d6 hap thu tang khi pH tang, twong tng voi su gia tang nong d6 Na,CO3
(Hinh 6). Trong khoang pH 8,19-8,67, d0 hap thu dat gia tri cao va c6 mdi quan hé tuyén tinh voi nong
d6 gallic acid, véi R = 0,9958. Gia tri pH t6i uu ciia dung dich phan tmg trong nghién ciru nay thap
hon so véi nghién cuu cua Maria Pérez (pH = 10) [25].
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—— 8 ppm
B
——12
< 0,50 PP
Q//_//'S. —o— Blank
0,00 ; ' , .

0,0 2,0 4,0 6,0 8,0 10,0
pH
Hinh 6. Anh huéng cua pH dén d6 hap thu dung dich phirc mau

Do thudc thir Folin-Ciocalteu c6 tinh acid, nén & thi nghiém khao sat anh huéng cua ndng do thude
thir Folin, d& duy tri pH cua dung dich do quang trong khoang phu hop (8,19-8,67), nong dd Nax,COs
dugc diéu chinh sao cho ti 16 mol Na,COs/Folin trong 5,0 mL dung dich do quang lu6n 6n dinh ¢ mirc
3,6. Két qua do do hap thu quang tai cac nong do Folin khac nhau dugc trinh bay trong Bang 1. Két qua
phan tich phuong sai (ANOVA) cho thay su thay d6i nong d6 Folin c¢6 anh huong dang ké (F > Fer =
3,4; p < 0,05) [24] dén phan ing mau giita gallic acid va thudc thir Folin trong khoang pH nghién ctru.
Kiém dinh Tukey (0. = 0,05) cho thdy su khac biét vé do hap thu quang giira cac mirc nong do Folin 1a
c6 y nghia, d¢ hép thu quang ting dan theo néng d6 Folin va dat gia tri cuc dai khi néng do Folin la
0,30 mol/L (twrong duong 15%) va Na:COs 1a 1,8 mol/L. Piéu kién phan tmg tdi wu thu duge trong
nghién ciru nay bao gdm ti 1& mol Na2COs/Folin, ndng d6 Folin, Na2COs trong dung dich do quang
(ndng d6 Folin, Na>COs lan lugt 1a 0,15 mol/L va 0,54 mol/L) déu cao hon so vdi cc nghién ctru di
cong bd (Bang 2).
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Bdng 1. Anh hudng cta ndng do thude thir Folin (trong dung dich thudc thir ban dau)

Nél}g d6 dung dich thubc thir ban Nong d9 gallic acid (ug/mL) Hé sé tuong quan
dau Folin va Na2COs3 (mol/L) 3 6 12 tuyéen tinh (R?)
0,02-0,12 0,2212+0,001 | 0,3622+0,001 0,7752+0,008 0,9928
0,10-0,6 0,285+0,008 | 0,507°+0,001 0,957°+0,002 0,9974
0,20-1,2 0,320°+0,003 | 0,645°¢0,009 1,191°40,009 0,9980
0,30-1,8 0,354+0,005 | 0,680%+0,003 1,3239+0,003 0,9996

abedeprong ciing cét thé hién si khdc biét ¢o ¥ nghia thong ké & mike dg tin cdy 95%

Bdng 2. So sanh ndng d6 thudc thir, Na2CO3, pH (trong dung dich nghién ctru)

STT Ty 1& mol Nong do NaxCO;3 Nong d6 Folin oH
NaxCOs/Folin (mol/L) (mol/L)
Trong nghién ctiru 3,6 0,36+0,54 0,10=0,15 8,19+8,67
AOAC 2017.13 [12] 2,8 0,28 0,10
ISO 14502-1:2005 [11] 0,3 0,03 0,10
Petra Matic va cong su [2] 2.8 0,28 0,10

Tuy nhién, két qua & Bang 1 cho théy hé Folin 0,20 mol/L-Na,COs 1,2 mol/L ciing cho do hép
thu cao va mdi quan hé tuyén tinh t5t véi ndng do gallic acid (R? = 0,9980), trong khi luong thudc thir
sir dung thap hon so v6i hé 0,30 mol/L—1,8 mol/L (R? = 0,9996). Do d6, xét dong thoi kha ning tao
phirc mau, do tuyén tinh va yéu cau tiét kiém luong thude thir, ndng d6 Folin 0,20 mol/L va Na,COs3
1,2 mol/L dugc lwa chon lam diéu kién khao sat tiép theo.

Khi quy ddi theo thé tich thudc thir sir dung trong 5,0 mL dung dich do quang, nong d6 thuc té
cuia Folin va Na,COs; lan luot nam trong khoang 0,10-0,15 mol/L va 0,36-0,54 mol/L, véi ti 1& mol
Na:COs/Folin duge duy tri & mirc 3,6 (Bang 2). So véi cac quy trinh di cong bd, didu kién khao sat
trong nghién ciru ndy c6 ti 1& Na,COs/Folin va ndng do cac thude thir trong dung dich do quang khac
nhau, dong thoi duy tri pH trong khoang 8,19-8,67.

3.1.4. Thoi gian phdn iing va bén mau ciia phirc

Két qua khao sat cho thdy ¢ diéu kién thuc nghiém (nhiét d6 phong, 30 °C), phan tng tao phirc
mau gitra gallic acid va thudc thir Folin hoan thanh va 6n dinh sau 60 phut. D6 thi biéu dién bién thién
d6 hap thu Abs theo thoi gian (Hinh 7) khong ghi nhén sy thay dbi dang ké vé cudng do hip thu trong
khoang thoi gian tir 60 dén 180 phut, ching t0 phue tao thanh tuwong dbi bén mau trong khoang thoi
gian nghién ctru. Két qua nay twong ddng véi quy trinh theo ISO 14502-1:2005 [11] (6n dinh & nhiét
d6 phong trong 60 phut), nhung khac biét so vai Petra Matic va cong su [2] va AOAC 2017.13 [12]
trong d6 phan g dugc thuc hién ¢ nhiét do 40 °C, thoi gian 30 phut.
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1,20
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2 0,80 A
< - — 16 ppm
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Hinh 7. Thoi gian phan tmg va bén mau

3.1.5. Nhdn xét va dé xudt quy trinh tao phitc mau t6i wu

. Duavao két qua nghién ctru, quy trinh tao phirc mau gitra acid gallic va thudc thir Folin duoc d’é
xuat gom cac budc theo trinh ty nhu sau: 1,0 mL dung dich chuan gallic acid (hodc 1,0 mL dich chiét
da pha loang phu hop) duogc cho vao ong nghiém, thém 2,5 mL thuoc thu Folin 10% (nong d¢ 0,20
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mol/L), lic nhe, thém tiép 1,5 mL dung dich Na,CO; 1,2 mol/L, lic déu va dé on dinh trong vong 60
phtt 6 nhiét dd phong, do Abs & 754 nm trong khoang thai gian tur 60-180 phut.

3.2. Két qua thim dinh phwong phap

3.2.1. Tinh dac hiéu cua phwong phap

Tinh dac hi¢u cua phuong phap Folin-Ciocalteu trong viéc xac dinh tong ham luong polyphenol
dd duoc danh gia thong qua viéc so sanh phd hap thy UV-Vis cua phire chat tao thanh giita thudc thir
Folin (theo quy trinh 3.1.5) v6i cac dung dich sau: dung dich nén, dung dich chuén gallic acid, dich
chiét tir qua va cti hanh tam, dich chiét tir qua va cti hanh tam c6 bo sung chuan gallic acid. Két qua phd
hap thu & Hinh 8 cho thay phd hép thu ctia dung méi va thude thir Folin khéng c6 cuc dai hip thy trong
khoang budc song khao sat va do hap thu & 754 nm 1a khong déng ké. Nguoc lai, khi c6 mit gallic acid
va cac hop chét polyphenol trong dung dich chuén, dich chiét hodc dich chiét thém chuén, phd hap thu
ctia dung dich tao thanh c6 cuc dai hap thu tai budc séng 754 nm, dic trung cho sy hinh thanh phuce
mau gitra polyphenol va thudc thtr Folin. Sy tring khdp cao gilra cac pho hép thu cua cic mau khac
nhau chtng t6 rang phuong phéap Folin-Ciocalteu c6 thé duoc sir dung dé dinh lugng chinh xéc tong
ham lugng polyphenol trong dich chiét tir qua va cii hanh tam véi chat d6i chimg gallic acid.

0,900 1 ——(0)Nén
— (1) DC-qua nén
/’/’\ ———(2) DC-Cii nén
0,600 1 —— (3) Chuén acid gallic 4 ppm

//\ —— (4) DC-cit nén thém chuén
- — (5) DC-qua nén thém chuén
0304

Abs

0,000

650 700 750 800 850

Budc song (nm)

Hinh 8. Phé hép thy khao sat tinh dic hiéu ciia phuong phap
3.2.2. Xdc dinh MDL, LOD, LOQ va khodng tuyén tinh ciia phicong phdp

Két qua khao sat MDL, LOQ va khoang tuyén tinh ctia phuong phap (LOL) duoc xéac dinh theo
quy trinh trinh bay tai myc 2.3.3.2(b) cua bao cio; két qua nay duge ddi chiéu voi LOD va LOQ tinh
theo Petra Matic va cng sy [2] (Bang 3). So voi phuong phap trong nghién ctru cua Petra Matic va
cong su [2], quy trinh dé xuat c6 giéi han phat hién va gi61 han dinh luong cao hon, dong nghia véi do
nhay thap hon. Dong thoi, phuong phap con c6 khoang tuyén tinh rong, phi hop dé xac dinh ham luong
polyphenol trong cac mau thyc vat ¢6 ham lugng polyphenol cao, dong thoi han ché sai sé phat sinh do
qua trinh pha loing mau.

Bdng 3. Két qua khao sat MDL, LOD, LOQ va LOL (mg/L)

STT MDL (US.EPA)* LOD [2]* LOQ (US.EPA)" LOQ [2] LOL
Trong nghién ctru 0,049 0,051 0,155 0,155 0,2-20
Petra Matic va cong su [2] 0,0179 0,0544 0,01-5,0

*MDL tinh theo céng thirc (1) véin = 7 va ta1, 099 = 3,143; ""LOD tinh theo Petra Matic va cong su [2]

3.2.3. Két qua xdy dung dwong chudn va xdc dinh @ ding, dg chinh xdc ciia phiwong phdp

Pé dinh hrorng polyphenol trong qua va ci hanh tam, duong chuén véi chat chuan ddi chung 1a
gallic acid dugc thiét 1ap v6i nong do nam trong khoang 0,5-10,0 ug/mL. Két qua khao sat thu dugc
duong chuan gallic acid 14 A = 0,1021x + 0,0103, R? = 0,9992 (véi x 1a ham lugng gallic acid
(mgGAE/mL)), dat yéu cau sir dung dé xac dinh polyphenol téng trong cu va quéa hanh tam.

81



Trén Nguyén An Sa, An Phan Ngoc Quynh, Ta Thi Hong Nhung, Lé Pham Thanh Tung, ...

Két qué phan tich d6 dung (hiéu suit thu hoi, %H) va d¢ chinh xac (d¢ 1éch chuén tuong déi,
%RSD) trén mau dung dich gallic acid chuan va mau dich chiét thém chuan (Bang 4) cho thay phuong
phap phan tich dé xuat co d¢ tin cdy cao. Cu thé, %RSD cua tit ca cac lan thir d&u nho hon gi6i han
chap nhan dugc (<5,3%), va hi¢u suat thu hoi trung binh déu nam trong khoang giéi han cho phép
(80-110%) [26].

Bdng 4. Két qua khao sat do lap va do ding

Chuin acid gallic Dich chiét Dich chiét
cu qua
Nudce E;t(l)a;:) 1 Mzg‘;“/i“’l hanh tam hanh tdm
thém chuan thém chuan
m-acid gallic (Iy thuyét) 150 mg
m (mg) acid gallic (thyc t&) | 139,96+1,91° | 147,94+1,85° | 147,36+1,99° | 146,55+2,74 | 141,20+2,67
(%) H 93,3+1,3° 98,6+1,2° 98,2+1,3b 97,70+1,8 94,1+1,8
(%) RSD 1,37 1,25 1,35 1,87 1,89

abedepono ciing hang thé hién su khdc biét ¢é ¥ nghia thong ké & mire dé tin cdy 95%

Nghién ctru ciing cho thdy dung méi hoa tan c6 anh hudng dang ké dén két qua phan tich, theo
kiém dinh Tukey (o = 0,05), khong co su khac biét vé hiéu suat thu hoi gallic acid giita methanol va
ethanol, nhung ca hai dung moi nay déu cho hiéu suat thu hoi khac biét co y nghia thong ké va cao hon
so voi dung méi nude. Piéu ndy c6 thé giai thich do phenolic 1 hop chéit c6 d6 phéan cuc thip nén c6
d6 hoa tan trong methanol va ethanol cao hon so véi nude, két qua nay phu hop véi nghién ciru cia
Gustavo Araujo Pereira va cong su [27].

3.3. Két qua khio sat znh huwong ciia dung méi va phuong phap chiét xuit dén quy trinh phan
tich ham luwgng polyphenol trong qua va cit hanh tam

Dé chiét xuat polyphenol trong thyc vét va thuc phdm, nhiéu dung méi c¢6 tinh phéan cuc thudng
dugc sir dung nhu: theo TCVN 9745-1:2013 (ISO 14502-1:2005), polyphenol trong ché xanh duoc chiét
bang methanol 70% (v/v) 6 nhiét d6 70 °C (ndi cach thuy) [10]; theo AOAC 2017.13, mﬁu ruou vang
va nude ép qua viét quat duoc hoa tan ty 18 (1:1) véi nudc [12]; polyphenol trong cac mau cu qua theo
nghién ctru ctia Gustavo Araujo Pereira va cong su dugc chiét xuat bang ethanol 50% véi hd trg ciia
siéu am o toc do 11000 vong/phut trong 30 gidy [27]. Dbi voi cac cay cung ho vdi cay hanh tam, cac
nghién citu cling sir dung hon hop dung moéi gobm nude va ethanol voi nong do ethanol 48,46% (v/v)
[28] va 80% (v/v) [9] dé chiét xuét polyphenol tir hoa va tir ctit mot s cay ho hanh.

Trong nghién ctru nay, dung méi ding chiét xuét polyphenol tir hoa va qua hanh tim 1a ethanol,
ethanol 70%, 50%, 30% va nudc, phuong phéap chiét xuat bao gom ngam két hop nhiét do (70 °C) va
sir dung bé siéu am & nhiét do 30 °C, ty 1& chiét dung moi/nguyén licu 1a (50:1), s6 1an chiét 3 lan. Két
qué khao sat dugc ddi sanh véi quy trinh chiét xuat polyphenol bang methanol 70% theo TCVN 9745-
1:2013 (ISO 14502-1:2005).

Két qua phan tich phuong sai (ANOVA) 2 bién cho thiy co su tuong tac dang ké giita phuong
phap va dung méi chiét xuat ddi v6i ham luong polyphenol trong ct va qua hanh tim (F = 10,07 va
4,15 cho cu va qua, 1an luot 16n hon Fei = 2,87). Két qua phan tich ANOVA ciing cho thiy phuong
phap chiét xuat trong ca 2 truong hop déu khong anh huong dén két qua phan tich polyphenol (p > 0,05,
F < Feric=4,35) va dung moi chiét xuit c6 anh hudong rat 16n dén két qua phan tich polyphenol (p < 0,05,
F > Foic= 2,87). Ngoai ra, kiém dinh Tukey (o = 0,05) cho thdy ham lugng polyphenol dat gia tri cyc
dai khi s dung dung mo6i ethanol 70% cho cu va 50-70% cho qua, két hop véi cac didu kién chiét xuét
siéu 4m & 30 °C trong 30 phut hodc ngam trong bé 6n nhiét & 70 °C trong 30 phut. Piéu nay cho thay
phuong phap siéu am & nhiét d thap c6 hiéu qua tuong duong véi phuong phap ngam trong bé on nhiét
& nhiét do cao d6i v4i viée chiét xuat polyphenol.

Két qua nghién ctru cho thay dung moi va diéu kién chiét tdi wu trong nghién ciru ¢6 hiéu qua
chiét xuat polyphenol cao hon so véi methanol 70% theo tiéu chuan TCVN 9745-1:2013 (ISO 14502-
1:2005) [10], cu thé 14 9,21 + 0,29 mg/g so vdi 6,24 + 0,21 mg/g d6i v6i ca hanh tim, va twong duong
d6i v6i qua hanh tam (7,97 £ 0,26 mg/g so vai 7,85 = 0,26 mg/g). Két qua nay tuong ddng voi nghién
ctru cuia Gustavo Araujo Pereira va cong su [29]. Phenolic 1a cic hop chét co d6 phan cuc thap va do
d6, c6 do hoa tan cao trong methanol va ethanol. Tir cac két qua trén, ethanol c6 thé dugc sir dung thay
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thé cho methanol trong quy trinh‘chié’t Xuét va phan tich TPs bang phuong phép Folin-Ciocalteu, viéc
str dung ethanol trong quy trinh d€ xuat lam giam tac dong dén moi trudng, an toan hon so véi quy trinh
theo TCVN 9745-1:2013 (ISO 14502-1:2005) [10].
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Hinh 9. Két qua khao sat cac yeéu to anh huong dén quy trinh chiét xuat polyphenol

Két qua so sanh ham lwong TPs trong cii va qua hanh tim & Quang Tri theo quy trinh chiét xuét
va phan tich ciia nghién ctru cho thiy ham lwong TPs 1an luot dat 9,21 + 0,29 mg/g chét kho va 7,97 +
0,26 mg/g chat kho. Cac gia tri nay cao hon so v4i ham luong TPs trong cdy hanh tam (Allium
schoenoprasum L.) dugc Marianna Lenkova va cong sy cong b6 (1591 £ 10,89 mg/kg) [9]. Khi quy doi
vé cung don vi, ham lugng TPs trong nghién ctru twong Gmg 1a 9210 + 290 mg/kg chét kho ddi véi cu
va 7970 £ 260 mg/kg chit kho d6i véi qua, déu cao hon gia tri 1591 + 10,89 mg/kg duoc cong bb [9].
So véi ¢ toi & Hai Duong, sir dung quy trinh chiét xuat twong tu véi dung méi ethanol 70%, ham lugng
TPs trong cu toi dat 5,363 + 0,017 mgGAE/g chét kho, thap hon so voi ham lwong TPs trong ci (9,21
+ 0,29 mg/g chit kho) va qua (hat) (7,97 0,26 mg/g chat khd) hanh tim trong nghién ctru nay [16].

4. KET LUAN

Nghién ctru da khao sat va d8é xuét quy trinh dinh lugng polyphenol toan phan trong qua va cu
hanh tam bang phuong phap quang phd UV-Vis v6i thude thir Folin-Ciocalteu, voi cac diéu kién t6i wu
gdm budc song, trinh t phan tmg, pH, nong d6 Na,COs, ndng do thude thir Folin va thoi gian phan
{mg. Quy trinh tao phirc mau giira chat ddi chimg acid gallic va thudc thir Folin-Ciocalteu dwoc thyc
hién theo trinh tw nhu sau: thém 1,0 mL dung dich chuén acid gallic (hodc dich chiét da pha lodng phu
hop), tiép theo thém 2,5 mL thuéc thtr Folin 10% (0,20 mol/L), lic nhe, sau d6 thém 1,5 mL dung dich
Na,COs 1,2 mol/L, lic déu va dé én dinh trong 60 phut ¢ nhiét d¢ phong; do do h'?ip thu (Abs) tai 754
nm trong khoang thoi gian tir 60-180 phut. Phuong phap dé xuat co do chinh xac va do 1ap lai cao, phu
hop phan tich cac mau thuc vat giau polyphenol. Nghién ciru cling da xac dinh diédu kién chiét xuat va
phan tich ham lugng polyphenol trong cti va qua hanh tam. Két qua cho thdy ham lugng polyphenol
trong cti cao hon so véi qua, lan lugt dat 9,21 + 0,29 mg/g chat kho (twong dwong 2,48 + 0,08 mg/g cit
tuoi) va 7,97 £ 0,26 mg/g chat kho (twong dwong 2,38 + 0,08 mg/g qua tuoi).

Loi cam on: Nghién ctru nay do Truong Dai hoc Cong Thuong Thanh phé H) Chi Minh bao tro va cp
kinh phi theo Hop dong s6 93/HD-DCT ngay 15 thang 8 nam 2023.
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ABSTRACT

QUANTIFICATION OF TOTAL POLYPHENOL CONTENT IN FRUITS AND BULBS
OF Allium schoenoprasum L. USING UV-VIS SPECTROSCOPY
WITH FOLIN-CIOCALTEU REAGENT
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This study was conducted to develop a UV-Vis spectrophotometric method using the Folin-
Ciocalteu reagent for the rapid and accurate quantification of total polyphenol content in the fruits
and bulbs of Allium schoenoprasum L. The optimal conditions for the complexation reaction were
determined, including a pH range of 8.67-8.95 and a molar ratio of Na,COs/Folin of 3.6,
corresponding to an initial Folin reagent concentration of 0.20 mol/L (10% Folin reagent) and a
Na,COj3 concentration of 1.2 mol/L, with a reaction time of 2 h at room temperature. The proposed method
demonstrated high sensitivity, with MDLs (US.EPA) = 0.049 mg/L; LOD (AOAC) = 0.051 mg/L,
LOQ =0.155 mg/L, and exhibited a wide linear range (LOL) of 0.2-20 mg/L, making it suitable for
determining polyphenol content in plant samples with high polyphenol concentrations while reducing
errors associated with sample dilution. The study also established the conditions for polyphenol
extraction from the fruits and bulbs of Allium schoenoprasum L., using 70% ethanol for the bulbs
and 50—70% ethanol for the fruits. Extraction was performed using ultrasonic treatment at 30 °C for
30 min or immersion in a thermostatic bath at 70 °C for 30 min. The results revealed that the
polyphenol content in the bulbs of Allium schoenoprasum L. was higher than that in the fruits, at 9.21
+0.29 mg/g dry weight (or 2.48 £ 0.08 mg/g fresh bulb), compared with 7.97 + 0.26 mg/g dry weight
(or 2.38 = 0.08 mg/g fresh fruit), respectively.

Keywords: Polyphenol, Folin-Ciocalteu, chives, Allium schoenoprasum L., UV-Vis.
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