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VALIDATION OF A SIMULTANEOUS QUANTIFICATION METHOD OF
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The aim of study is to validate a quantitative method of caffeine (CAF) and
chlorogenic acid (CGA) contents in green coffee bean by high performance
liquid chromatography (HPLC). The analysis was performed on HPLC
Waters €2695, Reliant C18 column (5 pm; 4.6x250 mm), using the mobile
phase of formic acid 0.1% in water (A) and acetonitrile (B). The mobile phase
gradients were operated at: initially 5% B, gradually increased to 10% B by
20 mins and remained constant until 30 mins. The sample injection volume
was 10 pl. Flow rate was 1 ml/min. Measurement was taken at two wave
lengths at 270 nm and 330 nm. The quantification process has been validated
to meet the requirements of the ICH (International Conference on
Harmonization). Results show that the method meets criteria such as
specificity, linearity (R? > 0.99), high repeatability with RSD < 0.7% for peak
area and RSD < 0.45% for retention time, limit of detection (> 0.06 pg/ml for
CAF and 0.36 pg/ml for CGA), limit of quantification (> 0.19 ng/ml for CAF
and 1.10 pg/ml for CGA). The accuracy of the method also meets
requirements through the recovery rate ranging from 97.31 — 104.26%. Thus,
the quantification method is suitable for simultaneous determination of
caffeine and chlorogenic acid in green coffee beans.
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Nghién ctru duoc tién hanh nham muc dich thdm dinh qui trinh dinh lwong
ddng thoi caffein va acid chlorogenic trong hat ca phé bang phuong phap sic
ky loéng hiéu nang cao. Qua trinh phan tich dugc thuc hién trén may HPLC
Waters e2695, cot sic ky Reliant C18 (5pm; 4,6x250 mm), pha dong la acid
formic 0,1% trong nudc (A) va acetonitril (B). Dung moi pha dong dugc
chay theo gradient nong do: Thoi diém ban ddu 5% B, ting dan t6i phit 20 la
10% B rdi giit ¢ dinh cho t6i phit 30 phat. Thé tich bom méu [a 10 pl. Téc
d6 dong 1 ml/phit. Po ¢ 2 budc séng 270 nm va 330 nm. Quy trinh dinh
luong dd dwoc thim dinh dap wng cac yéu cu cua ICH (International
Conference on Harmonization). Két qua thu dugc cho thay, phuong phap dat
y&u cau vai cac chi tiu: d6 dic hiéu, khoang tuyén tinh (R? > 0,99), d6 lap
lai cao véi RSD < 0,7% dbi voi dién tich peak va RSD < 0,45 % ddi véi thoi
gian luu, giéi han phat hién (> 0,06 pg/ml cho CAF va 0,36 pg/ml cho
CGA), giéi han dinh luong (> 0,19 pg/ml cho CAF va 1,10 pg/ml cho
CGA). Po dung cia phuong phap ciing dat y8u cau thdng qua chi sé do thu
hdi nam trong khoang 97,31 — 104,26%. Do vy, phuong phap dinh lwong
phil hgp dé xac dinh dong thoi ham lwong caffein va acid chlorogenic trong
hat ca phé.
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1. Giéi thiéu

Ca phé vén la mot trong nhitng ndng san dic trung ctia Viét Nam va duoc trong nhiéu tai cac
tinh khu vuc Tay Nguyén. Trong hat ca phé, c6 nhiéu cac thanh phan da duoc nghién ciu va
cong bé: caffein - CAF (1,5-3%), glucid (40-50%), lipid (5-10%), polyphenol (5-10%), aliphatic
acids (2,4-2,5%) va mot s6 céc acid hitu co khac [1], [2]. Trong do, acid chlorogenic (CGA - hop
chat thugc nhém polyphenol) c6 ham lwong cao va nhiéu hoat tinh sinh hoc di dwgc chung minh
trén m6 hinh dong vat va nghién ciru 1am sang trén nguoi nhu: diéu tri ting huyet ap, tiéu duong,
réi loan lipid huyét, chdng oxy hoa, khang khuan, bao vé gan, tac dung hé trg diéu tri ung thu
[2]-[5]. Acid chlorogenic trong hat ca phé ton tai ¢ 3 dang dong phan chinh 3-caffeoylquinic, 4-
caffeoylquinic va 5-caffeoylquinic. Trong d6, 5-caffeoylquinic chiém ty 1& nhieu nhat va duoc
coi la chat chi dau sinh hoc (biomarker) trong cac nghién ctu vé hoat tinh sinh hoc [1], [5]. Do
vay, trong nghién cuu nay str dung hoat chat 5-caffeoylquinic (1a peak cao nhét trong sic ky do
va duoc ky hiéu 1a CGA2) khi tham dinh qui trinh dinh luong.

Hién nay, mot s6 ché pham hd tro diéu tri réi loan lipid huyét, giam can véi thanh phan chinh
1a cao chiét tir hat ca phé xanh da c6 trén thé gisi. Trong nudc cling d c6 mot s6 dé tai diéu ché
CGA tur ca phé xanh (green coffee bean — hat ca phé thu hai khi chin nhung chua rang) véi d6
tinh khiét cao dé 1am ngudn nguyén liéu san xuét [6]-[8]. Tuy nhién, nghién ctu ve dinh lugng
ddng thoi ca 2 chat CGA va CAF trong ca phé hién van chua c6 nhiéu. Vi vay, nghién ciru thim
dinh phuong phap dinh lugng dong thoi CGA va CAF trong cao chiét ca phé thu hai tai tinh Dk
Lik duoc tién hanh, nham muc dich cung cip phuong phap dinh luong kha thi, tiét kiém thoi
gian va chi phi.

2. Phuong phap nghién ciru
2.1. Péi twong, hda chdt nghién cizu

Nguyén li¢u: Hat ca phé (coffea arabica va coffea robusta) dugc thu hai tai x& Ea Dar, huyén
Ea Kar, tinh Dik Lik, vao thoi diém thang 11/2022. Sau khi thu hai, hat ca phé duoc loai bo tap
va dem di sdy & 60°C. Tach phan vé va nhan hat ca phé, roi xay thanh bot (qua rdy 1 mm), dung
trong tui PE va hiat chan khong dé tranh anh huong cua khong khi va am.

Chiét cao ca phé: Bot ca phé duoc chiét bang dung mdi ethanol 70%, chiét tong cong 3 lan
mai 1an chiét véi ty 1& dung mdi/nguyén liéu 1a 10/1 (ml/g). Gop lai tat ca dich chiét va bay hoi
dung madi trong may cb quay chan khong & nhiét d6 khong qua 60°C cho tdi khi thu dwgc cao
mém (d6 am < 20%). Bao quan trong ta lanh (4 - 8°C).

Hoa chat: Chit chuan CGA (SigmaAldrich, 98%), chat chuan caffein (Viét Nam, 99%),
ethanol (Fisher), acetonitril (Fisher), nuéc cat (Merck), acid formic (Merck). Tét ca cac hoa chat
déu dat tiéu chuan cho HPLC.

2.2. Phwong phdp nghién cuu

Chudn b; mdu thi: Can chinh xac khoang 0,5 g cao chiét, hoa tan vira da voi ethanol 70%
trong binh dinh mirc 50 ml. Sau d6 tiép tuc pha lo&ing v&i dung mdi ethanol 70%. Loc qua mang
0,45 um va tién hanh chay sic ky.

Chudan b mau chuan: Can chinh x4c khoang 20 mg CGA chuén vao binh dinh mirc 100 ml.
Thém ethanol 70% dé hoa tan va vira du dén vach. Tién hanh pha lodng dung dich chuan trong
ethanol 70% dé c6 cac dung dich voi diy nong d6 2-15 pg/ml.

Can chinh xéac khoang 20 mg CAF chudn vao binh dinh mic 100 ml. Thém ethanol 70% dé
hoa tan va vira du den vach. Tién hanh pha lodng dung dich chuén trong ethanol 70% dé c6 céc
dung dich véi day nong d6 1 - 10 pg/ml.

Mdu trdng: Dung mai ethanol 70%.

biéu kién sdc ky: Diéu kién sic ky dwoc tham khao theo phwong phap cua cac tac gia Navarra
va Adisya [9], [10], tuy nhién c6 thay ddi chwong trinh chay gradient va sir dung acid formic thay
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thé cho acid trifluoroacetic. Pha dong acid formic 0,1% trong nuéc (A) va trong acetonitril (B).
Dung méi pha dong duoc chay theo gradient ndng do: Thoi diém ban dau 5% B, ting dan t6i
phat 20 12 10% B rdi giir ¢6 dinh cho tai phat 30 phit. Thé tich bom mau 1a 10 pl. Téc d6 dong 1
ml/phut. Bo ¢ 2 budc séng 270 nm va 330 nm.

Cac thong sé tham dinh: Tinh twong thich hé théng, d6 dic hiéu, do dang, do lap lai, gisi han
dinh luong (LOQ) va gi6i han phat hién (LOD) [11].

3. Két qua va ban luan
3.1. Thdm dinh qui trinh dinh lwong

Tinh twong thich hg thong: Dé danh gia tinh twong thich hé thdng, chdng tdi tién hanh lan
luot tiém mau CGA va CAF chuan 8 lan vao hé théng vai diéu kién sic ky da chon va ghi nhan
sac ky d6. Két qua chi tiét duoc trinh bay trong bang 1.

Bang 1. Két qua thoi gian leu va dién tich peak trong danh gid tinh twong thich hé théng

STT 1 2 3 4 5 6 7 8 RSD (%)

CGA T 21,703 21,646 21,640 21,622 21616 21,609 21,642 21,65 0,136
S 187819 186896 188916 187321 190875 189956 188832 187417 0,741

CAE T 19,527 19,425 19,403 19,378 19,380 19,347 19,336 19,328 0,332
S 155828 155539 155277 155716 155202 156043 156670 156708 0,368

Ghi chu: T - thoi gian lwu (phuit); S — dién tich peak (LAU.S)
V6i d6 léch chuan thoi gian luu va dién tich peak cua 8 1an chay dudi 2%, vi vay hé théng HPLC
sir dung phi hop dé dinh luong dong thoi CGA va CAF.

Dé ddic hiéu: Dé danh gia do dac hiéu, ching t6i tién hanh chay sic ky véi mau trang, mau
chuan, mau thir va mau thir thém chuan. Két qua chi tiét duoc trinh bay trong Hinh 1 va Hinh 2.
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Hinh 2. Sa’c ky do trong danh gia do dac hieu — dinh lwong CAF (do ¢ 270 nm)
A - mau trang; B - mau chuan CAF; C - mau thu; D - mau the thém chudn CAF

Két qua nghién cau cho thdy, mau trang (A) khong c6 peak nao tring véi mau chuan (B).
Thoi gian luu cua CGA va CAF trong mau chuan va mau thir tuong dwong nhau va khi thém chat
chuan tuong (ng vao mau thir (D) thi peak CGA va CAF ting 1én so véi mau thir (C). Do vay,
phuong phap dinh luong dat yéu cau vé do dac hiéu.

Tinh tuyén tinh: Pha dung dich chuan véi nong do trong khoang 2 — 15 pg/ml ddi véi CGA
va 1-10 pg/ml d6i voi CAF. Tién hanh chay sic ky véi diéu kién da chon. Két qua tinh tuyén tinh
duoc trinh bay trong bang 2 va Hinh 3.

Bang 2. Nong dé cac chat chudn va dién tich peak trong danh gid tinh tuyén tinh

STT 1 2 3 4 5 6
CGA C 2 4 6 8 10 15
S 26483 67684 109228 151761 197321 309137
CAE C 1 2 4 6 8 10
S 25785 52681 103825 155202 206271 257401
Ghi chi: C- nong dg (pg/ml); S — dién tich peak (uAu.s)
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Véi két qua thu dugc chi ra rang, c6 mdi twong quan tuyén tinh gitra nong d6 CAF va CGA
trong khoang khao sat. Hé sé hoi qui tir phuong trinh tuyén tinh cia CAF va CGA lan luot la
1,0000 va 0,9996. Vi vay, phuong phap dinh lugng dat yéu cau vé tinh tuyén tinh.

Dj ding: Py ding dugc danh gia bang phuong phap thém chuan. Cho vao mau thir mot
lwong chét chuan & cac ndng do khac nhau (80%, 100% va 120%) va tién hanh sic ky & diéu kién
da chon. Po dung cua phuong phap duoc danh gia thong qua do thu hdi. Két qua danh gia duoc
thé hién trong bang 3 va bang 4.

Bang 3. Két qua danh gid dé ding ciia phirong phép doi véi CGA

STT Nong d9 ban dau Lwrgng chuin thém Tong Do thu hoi
(ug/ml) (Hg/ml) (ug/ml) (%)
1 10 8,21 18,30 101,09
2 10 8,21 18,45 102,92
3 10 8,21 18,17 99,51
Trung binh (%) 101,18
RSD (%) 1,69
4 10 10,43 20,15 97,31
5 10 10,43 20,26 98,37
6 10 10,43 20,45 100,19
Trung binh (%) 98,63
RSD (%) 1,48
7 10 12,23 22,66 103,52
8 10 12,23 22,74 104,17
9 10 12,23 22,46 101,88
Trung binh (%) 103,19
RSD (%) 1,14
Bang 4. Két qua danh gid dé ding cua phirong phép doi véi CAF
STT Nong dd ban dau Lwgng chuin thém Tong P thu hoi
(ng/ml) (ng/ml) (Hg/ml) (%)
1 6,0 5,12 11,18 101,17
2 6,0 5,12 11,07 99,02
3 6,0 5,12 10,98 97,26
Trung binh (%) 99,15
RSD (%) 1,97
4 6,0 6,34 12,48 102,21
5 6,0 6,34 12,61 104,26
6 6,0 6,34 12,45 101,74
Trung binh (%) 102,73
RSD (%) 1,31
7 6,0 7,55 13,71 102,12
8 6,0 7,55 13,49 99,21
9 6,0 7,55 13,64 101,19
Trung binh (%) 100,84
RSD (%) 1,48

Do thu hoi déu nam trong khoang 95 - 105% [12]. Do vay, phuong phép dat yéu cau vé do
dung dé dinh lugng dong thoi CGA va CAF.

Dé lap lai: Dé danh gia d6 1ap lai, ching toi chay 8 mau thir khac nhau c6 cing nong do voi
diéu kién sic ky da chon. Két qua dugc trinh bay trong bang 5.

http://jst.tnu.edu.vn 312 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 228(05): 308 - 315

Bang 5. Thoi gian leu va dién tich peak cua chdt chuan trong danh gia do \ap lai

STT 1 2 3 4 5 6 7 8 RSD (%)

CGA T 21,53 21,49 21,48 21,47 21,46 21,46 21,48 21,49 0,105
S 203871 202948 204968 203373 206927 206008 204884 203469 0,682
CAE T 19,70 19,57 19,54 19,50 19,51 19,46 19,45 19,44 0,436
S 166017 165728 165466 165905 165391 166232 166859 166897 0,346

Ghi chu: T - thoi gian leu (phit); S — dién tich peak (HAU.S)

Két qua nghién ctiu cho thay phuong phap HPLC dung dé dinh lugng CGA va CAF trong ca
phé cho d6 lap lai tot véi RSD < 2% véi ca 2 chi s6 1a thoi gian luu va dién tich peak. Do vay,
phuong phap dat yéu cau vé do lap lai.

Gidi han phat hién gidgi han dinh lweng: Duya trén khoang tuyén tinh, xac dinh gia tri gioi
han phéat hién (LOD) va giéi han dinh lugng (LOQ) theo cbng thuc:

LOD = (3.3 xSD)/a 1)
LOQ = (10 xSD)/ a (2
Trong d6: SD 1a d6 léch chuan; a 1a hé s goc cua duong thangy = ax + b
Két qua xac dinh gisi han phat hién va gi¢i han dinh lugng duoc trinh bay & bang 6.
Bang 6. Bang ket qud xdc dinh LOD, LOQ cua CGA va CAF

) Théng sb D a LOD LOQ
Chat (pg/mi) (pg/mi)

CGA 2392,8 21780 0,36 1,10

CAF 494,2 25685 0,06 0,19

3.2. Xdc dinh ham lwong CGA va CAF trong hgt ca phé xanh tai Pdik Ldik

Ap dung phuong phéap dinh lugng dé xac dinh ham lwong CGA trong 2 miu ca phé coffea
arabica va coffea robusta. Mdi miu ca phé dugc dinh luong 3 1an, két qua duogc trinh bay trong
Bang 7.

Bang 7. Két qua dinh heong ham lwong CGA va CAF trong 2 logi ca phé

5-caffeoylquinic (%) CGA tong (%) * CAF (%)

Coffea arabica 4,29+ 0,04 5,40 + 0,03 1,76 £ 0,02

Coffea robusta 5,31 0,03 6,35 + 0,04 2,08 £ 0,04
Théng ké T-test (p) 0,0008 0,0003 0,0068

Ghi chi: S6 ligu dugc trinh bay dudgi dang mean + SD; phép kiém thong ké ¢6 y nghia khi p < 0,05, *: tong
ham lrong cua ca 3 dong phan tinh theo 5-caffeoylquinic.

Vé qui trinh dinh lugng CGA, da c6 mét s6 cong bd trong nudc vé phuong phap dinh luong
bang HPLC cho ché pham trén thi trudng chita cao actiso, cao diac Toa sang hoic duoc liéu nhu
kim ngén, ké dau ngua [7], [13], [14]. Céc qui trinh dinh luong trong duoc liéu khdng phai ca phé
thuong duoc ap dung véi ché do chay dang dong dé don gian hoa va d& &p dung, cac hé dung mdi
cu thé thuong duoc dung la acid phosphoric 0,4% trong nudc : acetonitril (87:13) [7], [13]. Tuy
nhién, khi dinh lugng CGA trong cao actiso, dé tach dugc CGA so véi cac tap khac, tac gia dung
ché do gradien vai hé dung méi 1a acid phosphoric 0,1% trong nudc : acetonitril (10:90) trong
21,5 phut dau va 90:10 trong thoi gian con lai [14].

Déi voi phuong phap dinh luong ddng thoi CGA va CAF trong hat ca phé, chung t6i chua tim
thiy cong bd nao trong nude. Trong khi d6, Viét Nam 13 nudc c6 san lugng ca phé I6n va ngay
cang c6 nhiéu nghién ctru dé sir dung hat ca phé trong bao ché cac san pham hd tro stic khoe. Vi
cac cong b trén thé gidi, qui trinh dinh lugng thuong dwoc tién hanh véi hé dung méi la acid
trong nudc : acid trong acetonitril [15]-[17], hoac st dung hé dung méi acid trong nudc :
methanol [18], [19]. Piém chung cua cac nghién ctu dinh lugng ddng thoi CGA va CAF trong
hat/ché pham chira ca phé trén thi truong 1a 4p dung ché do gradient nong d. Muc dich cua viéc
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sir dung gradient nong d6 dé tach 3 dong phan hiéu qua hon, vi ngoai hoat chét chinh la 5-
caffeoylquinic, trong hat ca phé ham luong dong phan 3 va 4-caffeoylquinic chiém ty 1 khé cao
(trong mau ca phé robusta ma chiing t6i dinh lwong, ham luong 2 dong phan nay chiém khoang
16,11%).

Vi hé dung mai 1a acid formic 0,1% trong nudc (A) : acid formic 0,1% trong acetonitril (B),
Vi ché do gradient 1a A:B (95:5,v/v); 12,5-30 phdt: A:B (90:10,v/v), ching t6i &4p dung dé dinh
luong riéng CGA trong hat ca phé, sic ky dd tach duoc tét voi 3 ddng phan caa CGA [20]. Tuy
nhién, khi do tai budc song 270 nm thi peak cua CAF va 5-caffeoylquinic khong tach hoan toan,
két qua tuong tu nhu sic ky dd cua tac gia Vinson cing cong su da cong bd [17]. Chinh vi vy,
chung t6i diéu chinh lai hé dung méi 14 acid formic 0,1% trong nwéc: acetonitril, va ché do chay
gradient ndng do A:B (95:5,v/v); 20-30 phit: A:B (90:10,v/v), két qua thu duoc 14 peak cua CAF
va peak cua 5-caffeoylquinic da tach dugc hoan toan (Hinh 2). Khi tién hanh thdm dinh diéu kién
sac ky da Iua chon, két qua cho thay tat ca cac tiéu chi déu dat yéu cau. Ap dung dé xac dinh ham
lugng CGA va CAF trong hat ca phé thu hai tai huyén Ea Kar cho thiy, dong phan 5-
caffeoylquinic van l1a chat chiém ham luong cao nhat (83,88%) trong tong ham lugng CGA. Ham
luong CGA va CAF trong ca phé robusta cao hon so véi ca phé arabica. Két qua dinh lugng
CGA trong mau ca phé cua ching tdi ciing twong dong so véi ham luong ma tac gia DS Thi
Thanh Huyén da cong bé [8].

4. Két luan

Nghién ciru di xay dung va tham dinh duoc quy trinh dinh luong ddng thoi CGA va CAF
trong hat ca phé. Quy trinh dinh lwong dat tinh twong thich hé théng, do dic hiéu, tinh tuyén tinh,
gi6i han phat hién va giéi han dinh lugng, d6 13p lai, d6 ding cua phuong phép. Két qua nghién
cuu gop phan tng dung dé dinh lugng dong thoi CGA va CAF trong hat ca phé, cling nhu cung
Cap co so dé phat trién phuong phap dinh luong cho mét s6 ché pham trén thi truong c6 ngudn
goc tur ca phé.

TAI LIEU THAM KHAO/ REFERENCES

[1] V. C. Vo, Dictionary of Medicinal Plants in Vietnam. Medical Publishing House, Ha Noi, 1997, pp.
292-294

[2] V. Pimpley, S. Patil, K. Srinivasan et al., “The chemistry of chlorogenic acid from green coffee and its
role in attenuation of obesity and diabetes,” Prep Biochem Biotechnol, vol. 50, no. 4, pp. 969-978,
2020.

[3] M. Naveed, V. Hejazi, M. Abbas et al., “Chlorogenic acid (CGA): A pharmacological review and call
for further research,” Biomed Pharmacother, no. 97, pp. 67-74, 2018.

[4] H. Roshan, O. Nikpayam, M. Sedaghat et al., “Effects of green coffee extract supplementation on
anthropometric indices, glycaemic control, blood pressure, lipid profile, insulin resistance and appetite
in patients with the metabolic syndrome: a randomised clinical trial,” Br J Nutr, vol. 119, no. 3, pp.
250-258, 2018.

[5] A. Gupta, A. G. Atanasov, Y. Li et al., “Chlorogenic acid for cancer prevention and therapy: Current
status on efficacy and mechanisms of action,” Pharmacol Res, vol. 186, 2022, Art. no. 106505.

[6] V. P. Nguyen, “Applying new technology to produce functional foods from green coffee beans,”
Vietnam Journal of Science, Technology and Engineering, no. 4A, pp. 31-33, 2022.

[7]1 T. A. N. Nguyen, P. K. T. Le, and D. P. Pham, “Separation and characterisation of standard chlorogenic
acid,” Journal of Pharmacy, vol. 56, no. 11, pp. 22-27, 2016.

[8]1 T. T. H. Do, “Study on technology to extract chlorogenic acid (CGAs) from green coffee beans meeting
export standards as materials for health protection products to prevention and treatment of metabolic
syndromes,” (in Vietnamese), Independent project of Vietnam Academy of Science and Technology,
Institute of Natural Products Chemistry, 2021.

[91 G. Navarra, M. Moschetti, V. Guarrasi et al., “Simultaneous Determination of Caffeine and
Chlorogenic Acids in Green Coffee by UV/Vis Spectroscopy,” Journal of Chemistry, vol. 2017, 2017,
Art. no. 6435086.

http://jst.tnu.edu.vn 314 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 228(05): 308 - 315

[10] M.S. Adisya, C. S. Fadlina, and M. Abdul, “Simultaneously Extraction of Caffeine and Chlorogenic
Acid from Coffea canephora Bean using Natural Deep Eutectic Solvent-Based Ultrasonic Assisted
Extraction,” Pharmacogn J, vol. 11, no. 2, pp. 267-271, 2019.

[11] ICH, Harmonised Tripartite Guideline: Guidelines for validation of analytical procedures: Q2 (R1).
Text and Methodology, 2005.

[12] AOAC, Appendix K: Guidelines for Dietary Supplements and Botanicals, Section 3.4.1- 3.4.2, pp. 8-9,
2013.

[13] H. C. Bui and B. L. Vu, “Quantification of chlorogenic acid in Toa Sang extraction by high
performance liquid chromatography,” Journal of Pharmacy, vol. 59, no. 12, pp. 13-16, 2019.

[14] T. M. Nguyen and T. K. A. Nguyen, “Development and validation of a method for the quantification
of chlorogenic acid in liver tonic capsule by high performance liquid chromatography,” Journal of
Pharmacy, vol. 58, no. 4, pp. 36-39, 2019.

[15] S. Awwad, R. Issa, L. Alnsour, et al., “Quantification of Caffeine and Chlorogenic Acid in Green and
Roasted Coffee Samples Using HPLC-DAD and Evaluation of the Effect of Degree of Roasting on
Their Levels,” Molecules, vol. 26, no. 24, 2021, Art. no. 7502.

[16] J. S. Eon, H. T. Kim, I. H. Jeong, et al., “Contents of chlorogenic acids and caffeine in various coffee-
related products,” J Adv Res, vol. 17, pp. 85-94, 20109.

[17] J. A. Vinson, X. Chen, and D. D. Garver, “Determination of Total Chlorogenic Acids in Commercial
Green Coffee Extracts,” J Med Food, vol. 22, no. 3, pp. 314-320, 2019.

[18] P. K. Yilmaz and U. Kolak, “SPE-HPLC Determination of Chlorogenic and Phenolic Acids in
Coffee,” Journal of Chromatographic Science, vol. 55, no. 7, pp. 712-718, 2017.

[19] J. Heo, K. Adhikari, K. S. Choi, et al., “Analysis of Caffeine, Chlorogenic Acid, Trigonelline, and
Volatile Compounds in Cold Brew Coffee Using High-Performance Liquid Chromatography and
Solid-Phase Microextraction—Gas Chromatography-Mass Spectrometry,” Foods, vol. 9, no. 12, 2020,
Art. no. 1746.

[20] T. K. Le, T. T. H. Hoang, A. V. Ha, et al., “Studying extraction conditions of acid chlorogenic and
effect of reducing triglyceride of green coffee bean extract,” Vietnam National Conference on
Biotechnology, 2020, pp. 792-798.

http://jst.tnu.edu.vn 315 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

