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Tém tat:

NADES (Natural deep eutectic solvent) la dung méi dugc tao nén tif cdc hgp chdt ty nhién cé nguén goc sinh
hoc, than thién véi moi trudng va cé tiém ndang thay thé cdc dung moi hitu co khdc trong cdc linh vic chiét xudt,
tdch, khoa hoc y sinh. Nghién citu khdo sdt hiéu qud trich ly ca phé xanh nguyén hat Robusta bing dung moi
NADES d¢ gidm ham lugng caffeine va chlorogenic acid c6 trong hat ca phé. Két qud cho thdy, phuong phdp
trich ly dalam gidm 18.09% caffeine va 9.06% acid chlorogenic cé trong hat ca phé Robusta so vdi ban ddu. Tiy
d6, hat ca phé thu dugc cé tiém ndng dé phdt trién tré thanh cdc dong ca phé cé ham lugng caffeine thdp hon,
phii hop véi nhu cdu ngudi tiéu ding.

T1: khéa: Caffeine, chlorogenic acid, hat ca phé xanh, NADES.

Ngay nhdn bai: 21/2/2025; Ngay siia chiia: 12/3/2025; Ngay duyét ding: 25/3/2025.

The extraction method of green Robusta coffee beans using
NADES solvent synthesized from xylitol and lactic acid

Abstract:

NADES (Natural deep eutectic solvent) is a solvent made from naturally derived, bio-based compounds
that are environmentally friendly and have the potential to replace other organic solvents in fields such as
extraction, separation, and biomedical sciences. The study investigates the efficiency of green Robusta coffee
bean extraction using NADES solvent to reduce the caffeine and chlorogenic acid content in the coffee beans.
The results show that the extraction method reduced the caffeine content by 18.09% and the chlorogenic acid
content by 9.06% in Robusta coffee beans compared to the initial levels. As a result, the extracted coffee beans

have the potential to be developed into low-caffeine coffee products, catering to consumer demand.
Keywords: Caffeine, chlorogenic acid, green coffee beans, NADES.

JEL Classifications: K32, N54, 013.

1. PAT VAN PE

Ca phé Robusta la mot trong nhiing mat hang nong
sdn chu lyc cta Viét Nam, déng gép quan trong vao
nén kinh té quéc gia va cd vi thé ddng ké trén thi trudng
qudc té. Gia tri thuong mai ctia ca phé khong chi dugc
xac dinh bdi san lugng va chat lugng huong vi, ma con
bdi sy hién dién cta cac hgp chat ¢6 1gi cho stic khoe,
dién hinh 14 caffeine va acid chlorogenic (CGA).

Caffeine (1,3,7-trimethylxanthine), mot dan xuit
ctia purine, 13 thanh phéan chinh trong hat ca phé
Robusta, c¢6 tic dung kich thich hé than kinh Trung
uong. Tuy nhién, ham lugng caffeine cao trong ca phé
Robusta c6 thé gy ra cac tac dung khong mong mudn
nhu mat ngt, lo lang va kich thich qua muc doi véi
mot s6 ngudi tiéu ding (O. Alimyar et al., 2024).

Bén canh d6, CGA la mét axit phenolic quan trong
v6i nhiéu déc tinh sinh hoc nhu chéng oxy hoa, chéng
viém, bao vé thin kinh, ha lipid mau va diéu hoa
dudng huyét. Theo nghién ctiu ctia Sunyoon Jung (S.
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Jung et al., 2021), qua trinh rang hat ca phé lam giam
ham lugng CGA khi mtic d¢ rang ting lén. Sy suy
gidm nay cht yéu do qud trinh phan hay CGA thanh
acid caffeic va acid quinic, &nh hudng tryc tiép dén
hoat tinh sinh hoc ciing nhu chét lugng huong vi ctia
ca phé. Do dé, viéc nghién ctiu cac phuong phap giam
ham lugng caffeine, dong thai bao toan CGA trong hat
ca phé Robusta dang trd thanh mét cha dé dugc quan
tam va c6 y nghia thuc tién cao.

D61 v6i viée tich chiét caffeine, Alexandre
Vandeponseele cung cong su (Vandeponseele et al.,
2022) ap dung CO; siéu t6i han thay thé dung moéi hiu
0, trong d6 dung moi nudc dong vai trd quan trong
trong viéc t6i wu hoa hiéu suit thu héi caffeine. Con
vé viéc chiét xudt CGA, mdt nghién ctiu thuc hién viéc
so sanh hiéu sudt gitta methanol va nudc, nhan thiy
methanol chiét xudt CGA t6t hon, nhung nuéc bao
toan cac hop chit polyphenol hiéu qué hon (U. Ztotek
et al., 2016). Nham néng cao hon niia hiéu sudt trich
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Dung dich NADES

ly CGA, Borja cuing cong su ting dung cong nghé chiét
xudt cé hd trg vi séng (MAE) v6i ethanol, gitup thu hoi
CGA nhanh hon va hiéu qua hon so véi phuong phap
trich ly Soxhlet truyén théng (J. Q. Borja et al., 2014).
Nhiing phuong phap dugc dé cap da cho thay sy hiéu
qua va t6i vu hiéu suft trong viéc trich ly nhung déu
ton tai han ché. Viéc sti dung methanol va ethanol lam
dung moi trich ly tuy cé hiéu sudt chiét xuit cao nhung
lai tiém &n nguy cd doc hai va yéu cdu quy trinh xt ly
nghiém ngit d€ tao ra thanh phdm. Mit khac, phuong
phép CO; siéu t6i han than thién véi moi trudng nhung
doi hoi thiét bi ap sudt cao va chi phi van hanh 16n.

Natural deep eutectic solvents (NADES) dugc biét
dén la mot loai dung mdi xanh méi, dugc gidi thiéu
lan d4u vao nam 2011 boi Dai va cac cong su (Dai et
al., 2013), nhu mét sy thay thé cho cac dung méi Deep
eutectic solvents (DES) ctt dugc hinh thanh ti cdc hoa
chét cong nghiép. NADES dugc tao thanh tu sy két
hgp cuia hai hay nhiéu hgp chét ty nhién nhu axit hiu
cd, dudng, amino acid hodc polyol... véi ty 1é thich
hop, ttt do, tao ra mét hé dung moéi cé nhiét do nong
chay thdp hon so véi cac thanh phan riéng 1é. Ngoai
ra, nhd vao kha ndng tao lién két hydro gitta cac ciu
tt, NADES dé dang hoa tan nhiéu loai hgp chit thién
nhién cé hoat tinh sinh hoc cao, bao gém ca phan cuc
va khong phan cuc. Su két hgp nay tao ra cic dung moi
than thién v6i moi truong, dong thoi dam bao an toan
cho ting dung trong linh vyc thuc phim va duge phim
(Liu et al., 2018).

NGHIEN CUU

Dich chiét tvi nguyén hat ca phé Robusta

Nghién ctiu ctia Syakfanaya va cong su (A. M.
Syakfanaya et al., 2019) vé viéc chiét xuit caffeine va
acid chlorogenic tti ca phé Robusta st dung phuong
phép chiét xudt ho trg song siéu am (NADES-UAE) cho
th&y, NADES c6 hiéu qua vugt trdi so véi methanol. Ty
1é betaine: sorbitol (1:1.2) va bd sung nudce 1:2 trong 30
phut mang lai hiéu suat cao nhéit. Mac du hiéu qua cao,
viéc b6 sung qua nhiéu nude cé thé &nh hudng dén két
qua chiét xuat. Nghién ctiu ctia Vo va cdng su (P. Vo et
al., 2024) ching minh NADES c¢6 khé ning chiét xudt
phenolic va terpenoid tii thyc vt hiéu qua hon cac
dung moi truyén théng nhu ethanol. Sy két hgp gita
NADES vé6i phuong phép chiét xudt hd trg séng siéu
am va vi song (UAE va MAE) khong chi tang hiéu suit
ma con gidm viéc st dung dung moi, tiéu thu ning
lugng va thoi gian chiét xudt, tao ra mot phuong phap
bén viing va than thién v6i moi trudng cho nganh thuc
phim va dugc phim.

Trong nghién ctu nay, NADES dugc st dung dé
khao sat qua trinh trich ly tu hat ca phé xanh, nham
thu dugc sdn phdm ca phé nguyén hat c6 ham lugng
caffeine va CGA thdp hon, tii d6 mé ra huéng tng
dung mdi trong san xudt ca phé it caffeine nhung van
gitt dugc huong vi déc trung. Mot diém dic biét trong
nghién ctiu 1a nhém nghién ctiu st dung dung moi
NADES dugc téng hgp tu dudng xylitol va acid lactic,
tao nén hé dung moi ¢ vi chua ngot tu nhién. Véi tinh
chét nay, NADES htta hen néng cao hiéu suit chiét
xudt, dong thoi giup tao ra dong san phém hat ca phé
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Bang 1. Bang s6 liéu thong ké dinh lugng tiing chit d€ pha dung mé6i NADES khi thay ddi nong d6 nuée

tuong ung 5%, 10%, 15%, 20%, 25%, 30% theo khdi lugng véi ty 1é mol acid lactic:xylitol ¢& dinh la 3:1

Ty 1é mol acid lactic:xylitol 3 3 3 3 3 3
Khéi ligng xylitol 8.25 8.25 8.25 8.25 8.25 8.25
(CH,,0,) (gam)
Sgilngiyg et i 16.5 16.5 16.5 16.5 16.5 16.5
(C,HO,) (gam)
Khéi lugng nu6c 1.24 2.75 437 6.19 8.25 10.61
(H,0) (gam)

Bang 2. Bang thong ké dinh lugng tiing chit d€ pha dung mo6i NADES véi néng d6 nudc tinh khiét s dung
13 20% theo khoi lugng, thay déi ty 1¢ mol acid lactic va xylitol 1an lugt 1a 1:1, 2:1, 3:1, 4:1, 5:1

Ti 1¢ mol acid lactic:xylitol 1 2 3 4 5
Iilé‘ji}ll:gj)g(gt:‘)’l 20.55 11.78 8.25 6.38 5.18
Kh?ici‘lfl‘igf)agglr;ﬁc 13.7 15.7 16.5 17 17.25
Klzgizlg;’ ?gga “m';dc 8.56 6.89 6.19 5.84 5.61

c6 ham lugng cafteine thap hon pht hgp véi nhu cau
ngudi tiéu dung.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén vit liéu va héa chdt

Nguyén vat liéu

Mau hat ca phé Robusta dugc thu héi 6 Dak Ha -
Kon Tum vao thang 10/2024. Sau khi thu hoach, hat ca
phé tuci dugc phoi nang trong khoang 7 - 14 ngay, sau
d6 dugce xt ly bang mdy xat dé€ loai bo vo ngoai. Nhan
hat thanh phdm dugc bdo quan & nhiét do phong tai
moi trudng thodng mét nham duy tri chat lugng.

Hoa chdt, dung cu va thiét bi

Qua trinh nghién ctiu st dung cac hda chit va dung
mdi v6i do tinh khiét cao, bao gdm: ethanol (Chemsol,
99.5%), hydrochloric acid (China, 36.5%), dudng
xylitol (NTFood, 99.5%), acid lactic (China, 90%), chit
chuén caffeine anhydrous (HiMedia, 99%), chit chudn
chlorogenic acid (Natpro, 99%) va nudc cit 2 lan.

Caéc thiét bi chinh dugc sti dung trong nghién ctiu
bao gébm: Mdy quang phd t ngoai - khé kién (UV-Vis)
Agilent Cary, bép dién kem may khudy tit C-MAG HS
7 Digital, can phan tich, cing mét s6 thiét bi va dung
cu hé trg khéc.

2.2. Phuong phdp thyc nghiém

Quy trinh pha dung méi NADES

Nguyén liéu chinh dugc stt dung d€ diéu ché dung
moi NADES trong thi nghiém bao gom: dudng xylitol
(99%), acid lactic, nude cit (tinh khiét). Cach pha dugc
thuc hién nhu sau: Can khoi ligng acid lactic (C,H,O,)

va xylitol (C.H,O,) theo ty 1¢ s6 mol (1:1, 2:1, 3:1, 4:1,
5:1), sau d6 cho thém nudc theo ty 1é khoi lugng (5%,
10%, 15%, 20%, 25%, 30%), dung mdi NADES dugc
khao sat v6i nhiéu ty 1é khac nhau (Bang 1).

Ty 1é hoéa chit sti dung d€ diéu chinh lugng thé tich
dung moi phu hop dung cho nhiing thi nghiém sau
nhung van dam bao dinh lugng thanh phan tling chét
trong dung moi van dung theo ty 1é da cho (Bang 2).

Sau khi dinh lugng diy du cic chédt vao trong
becher, hon hgp hoéa chit duge dem dun cach thay
trén bép dién c6 st dung khudy ti (C-MAG HS 7
Digital, Germany) d€ tién hanh thi nghiém. Bép dién
dugc gia nhiét tu ti, duy trl nhiét do phan ing 6n dinh
6 55°C (£ 2°C) va khudy tii 400 rpm, thuc hién phan
ung trong vong 30 phut.

Quy trinh trich ly ca phé vdi dung moi NADES

Hat ca phé Robusta (Dik Lik) dugc tuyén chon ky
cang, con mdi, khong bi sdu, mdce va duge dem di can dé
thuyc hién qua trinh trich ly.

Hat ca phé xanh dugc can va dem trich ly theo ty
1é hat ca phé xanh:dung mé6i NADES (g/ml) la 1:3, 1:4,
1:5, 1:6, 1:7 v6i nhiing dung mdi NADES da pha dugc
& trén. Hoén hop trich ly duge day kin bang gidy bac
va gia nhiét trén bép dién c6 khudy tii (C-MAG HS 7
Digital, Germany), thuc hién dun cach thiy dung dich
trich ly & 60°C va khudy tii 500 rpm. Dung dich thu
dugc sau khi trich ly dugc loc qua gidy loc nham loai
b6 hat va cdn vo ca phé ra khoi dung dich d€ thu dich
chiét ca phé xanh.
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Quy trinh do caffeine va CGA

Lay 1 mL dich ngam ca phé da
dugc loc, trén véi 1 mL dung dich
HCI 0.01 M, sau d6 pha loang dén
thé tich cudi cting 25 mL bing nu6e
cit. Mot mau ddi chiing (mau zero)
dugc chuén bi theo quy trinh tuong
ty, thay thé dich ca phé bang nudc
cét. Cac dung dich mau sau khi chuén
bi dugc dua vao may do UV-VIS va
do lan lugt tai 2 budc séng 275 nm
va 325 nm dé€ xac dinh ham lugng
caffeine va acid chlorogenic.

3. KET QUA VA THAO LUAN

3.1. Khao sdt ty Ié nuée

DéE t6i vu hoa hiéu sudt trich ly
caffeine va acid chlorogenic (CGA)
tu hat ca phé, nghién citu da khao sat
anh hudng cta ty 1¢é nudc trong dung
mdi NADES & cac muc 5%, 10%,
15%, 20%, 25% va 30%. Két qua phan
tich cho thdy, & ty 1é nudc 5 - 10%,
ham lugng caffeine va CGA thu dugc
tuong do6i thip. Khi ty 1é nudc ting
lén 15 - 20%, noéng do hai hgp chat
nay ting dédng ké, dic biét dat cuc dai
6 mtc 20% nudc voi caffeine ~310
ppm va CGA ~150 ppm. Khi ty 1&
nudc vugt qua 25%, ham lugng CGA
van dat gid tri cao, trong khi caf-
feine c6 ddu hiéu bao hoa. Nhu vay,
hé dung moi NADES véi 20% nudc
dugc xac dinh 1a diéu kién t6t nhat
trong trudng hgp nay d€ thu hoéi caf-
feine va CGA hiéu qud tii hat ca phé
(Hinh 1).

3.2. Khdo sdt ty 1¢ NADES

Két qué phén tich khi khao sat
anh hudng cta ty 1¢ mol cua acid
lactic:xylitol trong hé dung moi
NADES & cac mtc 1:1, 2:1, 3:1, 4:1 va
5:1, v6i ty 1€ nudc 20% cho thdy, khi ty
1é tang tUi 1:1 dén 4:1, ndng do ca hai
hop chét déu tang dan, dac biét ty 1é
4:1 cho hiéu sudt trich ly cao nhat véi
ham lugng caffeine khoang 360 ppm
va CGA khoang 190 ppm. Tuy nhién,
khi tang ty 1¢ 1én 5:1, ham lugng cac
hgp chit gidam dang ké, cho théy hiéu
sudt trich ly khéng con t6i vu. Do dé,
ty 1é mol acid lactic:xylitol 1a 4:1 dugc
x4c dinh la diéu kién phtt hop nhét dé

NGHIEN CUU
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Hinh 1. Biéu do so sdnh ham lugng caffeine va CGA trich ly trong dung
moi NADES khi khdo sdt ty 1é nuéc

Nong do caffeine
Nbéng d6 CGA

400

350

300

\

7

250

200 +
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100 +
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Ti 1& lactic : xylitol
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Hinh 2. Biéu do so sdnh ham ligng caffeine va CGA trich ly trong
dung méi NADES khi khdo sdt ty 1é thanh phdn NADES

néng cao hiéu qua thu héi caffeine va CGA trong qua trinh trich ly st
dung dung mo6i NADES (Hinh 2).

3.3. Khdo sdt ty 1¢ ran long

Tién hanh khdo sat dnh hudng cta ty 1é rin:léng (g/ml) dén hiéu
sudt trich ly caffeine va acid chlorogenic (CGA) tui hat ca phé bang dung
mdi NADES, véi ty 1é thanh phén t6t nhit da dugc khéo sat & trén, tai
cac muc 1:3, 1:4, 1:5, 1:6 va 1:7. Két qua cho thdy, ty 1¢ 1:4 cho hiéu
sudt trich ly cao nhét, véi ham lugng caffeine la 416.36 ppm va CGA
14 193.59 ppm. Khi tiép tuc ting ty 1é dung moi (gidm lugng chét rin)
tu 1:5 dén 1.7, hiéu sudt thu hoi hai hgp chét giam dan. Do do, ty 1é
ran:léng 1:4 dugc xac dinh 1a diéu kién t6i uu trong qua trinh trich ly
bang dung mdi NADES (Hinh 3).
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[ Néng @b Caffeine
450 - | | Néng do CGA
400
350 +
T 300|
Q 1 Hinh 3. Biéu dé so sanh ham luigng
:é' 250'_ caffeine va CGA trich ly trong dung
2 200- / moi NADES khi khdo sdt ty 1é ran I6ng
‘2 .
150 S /
100 - 7
501 / .
0 % 2 - 5 n A pe . 5
1:4 15 17 6 ndéng do cao nhit khi st dung
5 5 dung mdi NADES 6 ty 1é ran:lon
Ty 1& rdn:léng (g/ml & v 8
v g (g/mi) 1:4 (Hinh 4).
3.4. Khao sdt thoi gian 3.5. Hiéu qud trich ly
Két qua khao sat anh hudng cua thaoi gian trich ly dén ham lugng Két qua hiéu qua trich ly cta

caffeine va acid chlorogenic (CGA) sti dung dung mdi NADES, c6 ty 1é phuong phap sé dua trén viéc so
thanh phén t6t nhét dugc khéo st trén, véi ty 1¢ ran:long 1:4 trong cac sénh kha ning trich ly gitta mau ca
khodang thoi gian 30, 60, 90, 120, 150, 180 va 210 phut dugc thé hién trong phé nguyén hat v6i mau ca phé da
Hinh 4. Trong khoang thdi gian tii 30 dén 150 phat, ham lugng caffeine xay nhuyén & ciing diéu kién t6i vu
tang nhanh va nhiéu ti 416.36 ppm dén 1101.59 ppm, trong khi CGA tit viéc khéo sat (Bang 3).
ciing tang ttf 193.59 ppm dén 718.22 ppm. Tuy nhién, & giai doan sau do, Két qua cho thdy, mic di ham
nong do ca hai chat déu c6 xu hudng giam nhe. Nhu vay, thoi gian trich ly lugng céc hop cht trich ly tii mau
150 phat dugc xac dinh la t6i uu, giup thu hoi dong thai caffeine va CGA nguyén hat th&p hon dang ké so véi
mau xay (1101.6 ppm so vGi 6089.9
_____ Néng db Caffeine ppm doi véi caffeine va 718.2 ppm
—— Nbng @6 CGA so v6i 7925.8 ppm d6i véi CGA)

e nhung hiéu qua trich ly so véi mau
1200 4 xay van dat 18.09% d6i véi caffeine
I e . va 9.06% d6i véi CGA.
__ 1000 4. KET LUAN
£ ] Nghién ctu nay da tién hanh
£ 800 t6i uu hoéa quy trinh trich ly hat
] T ’ ca phé xanh Robusta bing dung
£ 600- moi NADES dugc tao thanh tu
= T acid lactic va xylitol. Két qua phan
400 tich cho thdy, dich chiét thu dugc
] ti mau t6i vu chita 1101.6 ppm
Ly caffeine va 718.2 ppm chlorogenic
. acid (CGA).

Céc yéu t6 nhu ty 1é ran:long,
ty 1& nudc, ty 1é mol thanh phan
NADES va thoi gian trich ly dugc
Hinh 4. Biéu do so sénh ham ligng caffeine va CGA trich ly trong dung xac dinh 1a ¢6 anh hudng dang ké
moi NADES khi khdo sdt thoi glan trich l)/ dén hléu suat thu hoi caffeine va

30 60 90 150 15IO 1&0 21IO
Théi gian trich ly (phut)
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Béng 3. Bang so sanh hiéu qua trich ly hat ca phé bang
dung méi NADES

Mau ca phé A Hiéu qua trich ly
i Mau ca phé xay (%)
Nong d caffeine 1101.6 6089.9 18.09
(ppm)
Nong do CGA 7182 7925.8 9.06
(ppm)

CGA. Dung mdi NADES gitia xylitol va acid lactic thé€ hién tiém néng ro
rét trong viéc thay thé dung moi hitu co truyén théng dé trich ly cdc hgp
chét sinh hoc tii hat ca phé, ddc biét la chlorogenic acid va caffeine. Dich
chiét thu dugc tli quy trinh nay c¢6 kha nang ting dung trong cac san
phdm hd trg stic khoe. Ngoai ra, so v6i mau ca phé xay, lugng caffeine
trong mau ca phé nguyén hat sau trich ly da gidm khoang 18.09%, cho
thdy kha nang diéu chinh ham lugng caffeine thong qua quy trinh
chiét xuét. Piéu ndy mé ra hudng phét trién cac dong san phdm ca phé
Robusta ¢6 ham lugng caffeine phu hgp véi tiing nhom dai tugng tiéu
dung, gép phan ning cao gia tri st dung va tiém ndng thuong mai cta
loai ca phé nay. Hon niia, két qua thu dugc tu viéc danh gid hoat tinh
sinh hoc ctia dich chiét hat ca phé ciing da cho thdy dugc tiém nang cua
viéc ting dung dich chiét hat ca phé tit dung mo6i NADES trong thuc
phém, dugc phdm. Khi do, viéc trich ly huéng dén stt dung dich chiét
hat ca phé sé cin céc thiét bi ho trg trich ly nhu cdc phuong phéap khac
nham t6i vu hiéu qué trich ly theo muc dich cta bai bdo. D€ ning cao
hiéu qua trich ly, phuong phap trich ly bang dung mdi NADES c6 ho trg
séng siéu Am cting nhu phét trién san phdm ti hat ca phé sau trich ly sé
la co s cho dinh hudng nghién ctiu trong tuong lai.

Léi cdm on: Nghién ciiu nay dugc tai trg bdi Trudng Dai hoc Bdch
khoa, Dai hoc Qudc gia Thanh phd H6 Chi Minh theo hgp dong so 89/
HD-DHBK-KHCN&DA, ngay 27/11/2024 vdi ma s6 dé tai: SVKSTN-
2024-KTHH-69. Nhém tdc gid xin chan thanh cdm on Trudng Dai hoc
Bdch khoa, Dai hoc Qudc gia Thanh phé H6 Chi Minh da ho trg cho
nghién ciiu naym
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