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TOM TAT

Hai phwrong phap Soxhlet va trich ly st¢
dung CO; siéu té1 han (SFE) dwoc st dung
dé khao sat ham lwong caffein c6 15 mau ca
phé; trong dé c6 8 mau ca phé bét rang xay
va 7 m4u ca phé bét hoa tan nham gép phén
danh gia chét lrong ca phé trén mét sé sén
phdm cda thj trurong Viét Nam. Ham luong
caffein trong 15 m4u phan tich rét da dang,
tiy thuéc vao muc dich ctia nha san xuét,
caffein déng vai trd quan trong gép phan tao
nén vj ddng va s tinh tdo, hung phan cho
nguoi tiéu dung. Ham luong caffeine nam
trong khodng tcr 0,3% - 1,79% déi véi ca phé
rang xay va tir 0,32% - 0,88% doi véi ca phé

hoa tan. Péng thoi, nghién ciu cing khdo
sat hai phwong phap trich ly hwong ca phé
la trich ly bang hé théng trich ly chung cét
déng thoi (SDE) va phwong phép vi ly trich
pha rdn (SPME). Hop chét chinh trong
huwong ca phé & Viét Nam chd yéu nam
trong cac nhém hop chét pyrazine, furan,
pyrrole, pyridine, phu hop véi nhiing nghién
ctru vé ca phé trén thé gisi. S6 luong hop
chét huong thu dwoc déi véi phuong phap
trich ly theo phwong phap SDE/GC-MS va
phwong phdp SPME/GC-MS lan luot 1a 45
chat va 49 chét.

Terkhoa: ca phé, caffeine, SFE, GC-MS, hwrong ca phé

1. GIOI THIEU
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Ca phé 1a mét thicc ubng kich thich than
kinh, udng ca phé gitp hoat dong tri 6¢c minh
mén hon théng qua sy kich thich than kinh, ting
cuong hoat nang cua nhitng bo may khéc trong
co thé: tro tim, xdc tién su tuin hoan caa mau,
thong tiéu, phan ung cua bap thit nhay, khoe
hon... Trong ca phé c6 chira nhiéu caffein con
duoc goi la trimethylxanthine, coffeine, theine,
mateine, guaranine, methyltheobromine hay
1,3,7-trimethylxanthine, la mét xanthine
alkaloid c6 thé tim thay duoc trong cac loai hat
ca phé, che, hat cola, qua guarana va hat ca cao.
Mumin et al., (2006) [1] d& nghién ctru xac dinh
ham luong caffein trong tra, ca phé va nudc giai
khét bang phuong phap chiét pha ran (SPE) va
sac ki long hiéu nang cao (HPLC). Caffein dugc
cd lap bang cach trich ly long — long st dung
dung moi chloroform. Viesturs Kreichergs va
cong su [2] vao nam 2011 d4 nghién ciru vé cac
chat c6 hoat tinh sinh hoc trong ca phé. Nghién
ctu khao sat ham lwong cua tong cac phenols,
flavonoids va caffeine trong mot sb ca phé mua
trén thi truong va khao sat sy thay d6i ham lugng
cua nhitng hop chat nay c6 tly thudc vao nhéan
hiéu hay khong. Phuong phap xac dinh caffeine
va polyphenols (gallic acid, catechin, caffeic
acid, vanillin, chlorogenic acid, epicatechin va
ferulic acid) duoc xac dinh bang phwong phap
HPLC. Két qua thu duoc trong 100g ca phé cé
chira tong cac phenol nam trong khoang tir 1300
dén 3700 mg duong lwong gallic acid (GAE),
téng cac flavonoid 1a 15 dén 103 mg duong
lwong quercetin (QE), ham luong caffeine nam
trong khoang 0,7 dén 1,5g. Ham luong tong
polyphenols ciing khac nhau trong mét khoang
thay doi rong: gallic acid 1a 2,5 mg dén 80
mg,catechin 1a 30 dén 80 mg, caffeic acid tir
1200 dén 2500 mg, vanillin tir 100 dén 150 mg,
chlorogenic acid tir 1,4 dén 2,8g, epicatechin tir
11 dén 30 mg. Ham lwong cua caffeine, catechin,

caffeic acid va ferulic acid trong cAc mau ca phé
¢6 ti 1¢ ca phé Robusta nhiéu va ham luong tong
phenol va flavonoid khdng khéac nhau nhiéu giira
cac loai ca phé.

Ngoai ra, héa hoc v& huwong ca phé kha
phtic tap Va Van chua dugc tim hiéu mot cach
hoan toan. Nhitng nhém tién chit chinh dwoc tim
thiy trong ca phé tuoi va déng vai trd quan trong
cho nhitng hop chét huong trong ca phé rang 1a
cac trigonelline, chlorogenic acids,
carbohydrates, lipids va proteins [3]. Trong suét
qua trinh rang, thanh phan cua hat ca phé thay
d6i rat nhiéu va vai tram hop chat lién két voi
huong thom va mui vi cta ca phé duoc hinh
thanh. Hat ca phé tuoi thi khéng chira cac hop
huong nhung chtra s6 lwong 16n cac hop tién chat
(sucrose, chlorogenic  acids,  proteins,
carbohydrate) dong vai tr0 quan trong trong viéc
hinh thanh huong ca phé [4]. Nhiing tién chat
trong cac loai ca phé khac nhau tuy thudc vao
loai ngudn gdc va cach xir Ii sau thu hoach.
Trong qua trinh rang ca phé, mét hon hop huong
phtic tap s& duoc hinh thanh théng qua mot sb
lugng lon cac phan (ng hoda hoc: phan ung
Maillard, phan ung Strecker, caramelisation,
phan tng oxi hoa... dé tao ra mot hdn hop céc
hop chit huong phuc tap. Nam 1991, nhom tac
gia gom Blank, A.Sen va W. Grosch [5] d4
nghién ctru so sanh hop chat huong trong ca phé
Arabica va Robusta va tién hanh dinh danh va
dinh lwong mot s6 hop chat do. Két qua thu duoc
1a chat 3,5-dimethyl-2-ethylpyrazine xuit hién &
ca hai loai ca phé Arabica va Robusta. Cac hop
chat tao hwong thom trong ca phé Arabica chiém
wu thé 1a 3-marcapto-3-methylbutylformate,
sotolon,  abhexon,  3-mercapto-3-furanthiol
phenylacetaldehy, 2,3- methylbutanoic acid,
linalool. Nhiing chat nay tao ra cho ca phé
Arabica mui caramel va diu ngot. Trong khi do6
c4c hop chit chinh tao huong trong Robusta 1a
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2,3-diethyl-5-methylpyrazine,4-ethylguaiacol,
3-methyl-2-buten-1-thiol ¢6 mui hoi cay va mui
dat.

Tuy nhién, & Viét Nam, chua ¢6 su chi y
dang ké dén viéc nghién ctru dénh gia chat lugng
ca phé ciing nhu thanh phan huong cua cc san
pham ca phé trén thi trudong. Do d6, nghién ctu
nay tap trung tim hiéu van d& nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén vat ligu va hoa chit

Tién hanh phén tich 15 mau ca phé thanh
pham cua cac thwong hiéu khac nhau trén thi
truong Viét Nam. Mau phan tich duoc chia thanh
2 nhém san pham 1a ca phé bot rang xay va ca
phé hoa tan. Tén miu va loai mau ca phé duoc
trinh trong bang 1.

Chuan caffein dugc mua cua hang Sigma-
Aldrich (Singapore). Cac dung moéi nhu:
methanol, ethanol, nudc duoc dung cho HPLC

(Merck); dichloromethane, Na,SOs4, khi Na,

CO,, nudce khir ion ciing dwoc sir dung dé trich
ly, chuan bi mau va phan tich ham luong cafein
ciing nhu thanh phan huong ciia nguyén ligu.

Cac thiét bj dwoc sir dung trong nghién ciu
nay: HPLC, GC-MS, thiét bj trich ly siéu téi han,
hé thong trich ly SDE, may do mau dé thyc hién
nghién cau nay.

2.2. Phwong phap thuc nghiém

Khao sét cac thong sé trich ly tir 2 phuong
phép chiét Soxhlet va SFE: thoi gian chiét, dung
médi, ti 18 co-solvent, ti 1& rén- long.

Tién hanh trich ly va phan tich ham luong
caffeine ciia 15 mau ca phé bang 2 phuong phap
Soxhlet va SFE, sir dung may HPLC dé dinh
luong caffein.

Trich ly hwong ca phé ciia 2 mau ca phé bot
rang xay bang 2 ky thuat trich ly la SDE va
SPME. Binh danh mét s6 hop chét héa hoc trong
thanh phan cua huong ca phé bang phuong phap
GC- MS.

Béng 1. Tén miu va ky hiéu miu cia mot sb loai ca phé khao sat trong nghién ctru

STT TEN MAU H'Z\NG:SAN PAC PIEM KY HIEU
XUAT
1 | Caphé Trung Nguyén (sang tao 3) Trung Nguyén Ca phé rang xay TN
2 | Caphé Highland - Ca phé rang xay HL
3 | Caphé Tram Anh Trdm Anh Ca phé rang xay TA
4 | Caphé Huong Vang Huong Vang Ca phé rang xay HV
5 | Ca phé Phuong Vy Phuong Vy Ca phé rang xay PV
6 | Ca phé Phin Deli - Ca phé rang xay PD
7 | Caphé Thuan Viét Coopen coffee Ca phé rang xay TV
8 | Caphé hat nguyén chat Budn Mé Thudt | Ca phé rang xay BM
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9 | Caphé Viét (Nescafe) Nestle Dang hoa tan Cv
10 | Ca phé Viét sita da Nestle Dang hoa tan VS
11 | Ca phé Vinacafe Vina Bién Hoa Dang hoa tan VI

12 | Caphé Wake up - Dang hoa tan WK
13 | Ca phé Nescafe (ddm da) Nestle Dang hoa tan NG
14 | Ca phé Nescafe (dam da hon) Nestle Dang hoa tan NR
15 | CaphéG7 Trung Nguyén Dang hoa tan GC

3. KET QUA VA THAO LUAN
3.1. Kh4o sat thoi gian trich ly

Két qua khao sét thoi gian trich ly caa mau
ca phé BM trong cac khoang thai gian 2h, 3h, 4h,
5h ciia phurong phéap chiét Soxhlet duoc trinh bay
trong bang 2. Ta thay trong khoang thoi gian tir
2h dén 4h, ham luong caffeine chiét duoc ting
nhanh va nhiéu, tir 0,38% dén 1,77%. Trong
khoang thoi gian tir 3h dén 4h, ham lwong
caffeine chiét dwoc co tang, nhung ting khong
dang ké. Nhu vay, lya chon thoi gian trich ly t6i
wu 13 4h cho miu chiét theo phuong phéap
Soxhlet.

Bang 2. Ham luong cafein theo thoi gian trich ly

Thoi 2Qio | 3gio | 4gio | 5gio
gian

Soxhlet | 0,38% | 1,08% | 1,77% | 1,78%
Thoi lgio | 1,5qi0 | 2gio | 3gio
gian
SFE 0,08% | 0,32% | 0,59% | 0,67%

Két qua khao sat thoi gian trich li ciia mau
ca phé PV trong cac khoang thaoi gian 1h, 1,5h,
2h, 3h caa phuong phéap chiét SFE duoc trinh bay

trong bang 3. Ta thay trong khoang thoi gian tir
1h dén 2h, lwong caffein chiét duoc ting nhanh.
Téng ham luong caffeine thu dwoc trong khoang
thoi gian 2h 12.0,59%. Khoang thai gian tir 2h dén
3h, luong caffeine chiét dugc rat it, chi chiém
0,08%. Do d6, Iyra chon thai gian chiét ti wu cho
phuong phap trich ly SFE 1a 2h.

3.2. Két qua khao sat ti 1¢ co-solvent cia
phwong phap SFE

Bang 3. Anh huong ctia ddng dung méi 1&n ham
luong cafein

Ti I& ddng dung moi 0% | 5% | 10%
ethanol

Ham luong cafein (%) | 0,11 | 0,63 | 0,94

Qua bang két qua va dd thi ta thay ham
luong caffeine chiét duoc khi c6 tron ethanol vao
lam dung méi dé chiét CO; siéu toi han thi ham
luong caffeine chiét duoc cao hon nhiéu. Do CO;
1a hop chat khéng phan cuc hay phan cuc yéu nén
thuong duoc sir dung dé trich ly cac chét it hoac
khong phan cuc. Do d6 kha ning hoa tan cia
caffein trong SC- CO; la rat thap. Chinh vi vay,
viéc bd sung thém ddng dung méi ethanol véi ti
1€ 10% gitip tang hiéu qua trich ly ma khong anh
huong dén van dé méi trudng vi hai dung moi nay
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déu than thién véi moi truong. Nhu vay, hdn hop
SC-CO; va ethanol véi ti 1& 10% dugc ding dé
trich ly caffein trong ca phé 1a hé dung méi tét.

3.3. Két qua khao st ti Ié rin - léng cia
phuong phap chiét Soxhlet

Két qua khao sét ti Ié ran - 1ong cua phuong
phap chiét Soxhlet cia mau ca phé bot rang xay
TN v6i céc thé tich dung méi chiét (ethanol) lan
luot 12 200 mL, 250 mL, 300 mL trong cung thoi
gian chiét 1a 4h duoc trinh bay trong hinh 1.

Ta thdy khi ting thé tich dung méi ethanol
thi ham luong caffeine cua dich chiét ciing ting
theo va khi thé tich dung méi la 300 mL thi ham
luong caffeine 1a I6n nhat. Tuy nhién, ham luong
caffeine thu dugc & thé tich ethanol la 250 mL va
300 mL la chénh léch khéng nhiéu so véi su
chénh léch gitta ham lugng caffeine thu duogc &
thé tich ethanol 200 mL va 250 mL. Trong qua
trinh trich ly bang dung méi, lugng dung mai sir
dung can phai du dé thiét 1ap can bang nong do
chét can trich phia trong va phia ngoai té bao, c6
nghfa 1a ti 1& dung méi cang lon thi hiéu qua trich

li cang cao. Nguyén nhan la do khi thé tich dung
moi tang thi kha ndng xdm nhap cta dung moi
vao mau ca phé cang I6n nén kha ning chiét cang
tang, dén maot luc nao dé thi lugng chat trong mau
dugc tach ra gan nhu hoan toan, nén néu tiép tuc
tang thé tich dung mai thi ciing khong chiét dugc
thém ma ton kém dung méi nén ti 1¢ ran - long t6i
uu la 10g bot ca phé rang xay — 250ml dung moi
ethanol.

Ham luwgng caffeine
(ppm)

200 250 300
Ti 1¢ réin- 16ng (g/ml)

Hinh 1. D4 thi v& s phu thudc giita ti 16 rén- long va
ham lugng caffeine
3.4. Két qua ham lwgng caffeine cia 15 miu

ca phé theo hai phwong phap trich ly Soxhlet
va SFE

18
16

14
1,2

% caffeine
[E=Y

0,8
0,6 -

hiét Soxhlet
Chiét SFE

0,2 -

TN HL TA HV

Tén cAc miu ca phé bt rang xay

PD TV BM

Hinh 2. Bidu db so sanh % caffeine ciia 8 miu ca phé bot rang xay chiét theo phiong phap Soxhlet va SFE
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Hinh 3. Bidu db so sanh % caffeine ciia 7 miu ca phé hoa tan chiét theo phwong phap Soxhlet va SFE
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Hinh 4. Séc ky d6 phé GC-MS ciia miu HV-SPME

Do ca phé BM la mau ca phé tir hat ca phé
nguyén chat dugc dem di rang va xay min roi
dang 1am mau trich ly, trong thanh phan cia mau
nay khong chira céc thanh phan dugc tam wop
khac nén ham luong caffeine cao.

Ham luong caffeine chiét duoc trong mau ca
phé VC la cao nhat. Két qua % caffeine & cac mau
ca phé hoa tan thip hon ¢ ca phé bot rang xay. Do
ca phé hoa tan trong nguyén liéu ngoai ca phé con
chura céc chat c6 khac nhu cac loai duong va phu
gia. TUy theo muc dich ctia nha san xuat nham
phuc vu thi hiéu cia nguoi tiéu ding ma ham
lugng caffeine trong ca phé hoa tan s& thay doi
nhiéu hay it.

Ham lugng caffeine trich ly theo phuong
phap SFE cao hon ham lugng caffeine trich ly
dugc theo phuong phap Soxhlet. O phwong phap
SFE, két qua thu duoc ham luong caffeine & mau
ca phé BM van la cao nhat. Ham luong caffeine
trong mau ca phé VC la cao nhat, twong dong voi
ham lwong caa cach chiét Soxhlet.

Phuong phap SFE véi thoi gian trich ly hai
gio, trich ly dugc ham lugng caffeine cao hon
phuong phap Soxhlet. Phuong phap Soxhlet thuc
hién don gian nhung qua trinh tién hanh thi
nghiém phu thudc vao nhiéu yéu té nhu ning
lwong cung cap cho qué trinh, khéi luong mau
chiét. Ham luong caffeine trong 15 mau rat da
dang, tly thudc vao muc dich ciia nha san xut
ma ham luong caffeine c6 thé nhiéu hay it. Qua
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c4c mau phan tich, nhan thay cac mau déu c6
caffeine, dam bao dwgc cac nha san xuét cAc mau
ca phé nay la chat luong, khong thudc loai ca phé
kém chat lugng, trong thanh phan khong c6 ca
phé, chi c6 mui ca phé téng hop.

3.5. Pinh danh mét s6 hop chét hwong trong
ca phé bang phwong phap SDE/GC-MS va
SPME/GC-MS

Pinh danh mét sé hop chdt trong hurong ciia
Mdu ca phé TN theo phirong phip SDE/GC-MS:
Phb GC- MS cho két qua thu duoc 33 chét trong
d6 c6 3 chat chiém ti 1& cao nhét trong hop huong
ciia mau ca phé phan tich 1a Pyrazine,methyl-
(11.41%), 2,4-pentadienenitrile (8,53%) va 2-
Furanmethanol (7,81%). Trong hop huong,
nhém chét cua ho pyrazine chiém ti 1¢ nhiéu nhat
1a 40,89%, tiép dén la nhém Furan véi ti 1¢ 1a
24,01%. Két qua thu duoc tap trung vao 3 nhém
chat chinh 1a pyrazine, furan, pyrrole. Két qua
pht hop vai nhing nghién ciru trude day vé cac
thanh phan hwong trong ca phé. Trong d6, nhém
pyarazine (hop chit chira luu huynh) tao mui
gibng nhu mui nuéng (bong ngd, banh mi
nuéng). Nhém hop chat furan c6 mui hwong
gidng huwong caramel va nhém pyrrole tao mui
gidng mui caramel va mui nam trong ca phé. Ba
nhém chit nay dwoc sinh ra la két qua caa phan
ung Maillard hoac Strecker trong qua trinh ca phé
dugc rang & nhiét do cao. Pyrazine dugc tim thiy
trong ca phé ¢ ndng do6 3,5-6,4ppm. Gigi han sir
dung ¢ ngudng 14 10ppm. Pyrrole dugc tim thiy
trong ca phé ¢ ndng d6 1,1-2,7ppm. Pyridine gigi
han st dung la 0,05-10ppm [25].

Pinh danh mét sé hop chdt trong hurong cria
Mdu ca phé HV theo phwong phdp SDE/GC-MS:
Phé GC-MS theo phuong phap SDE cho két qua
thu dugc c6 45 chat, trong d6 3 chat 6 ti 16 % cao
nhét 1a Pyrazine,methyl- chiém 11,06%, Phenol,
2-methoxy- chiém 9,45% va Pyridine chiém

5,58%. Trong hop huong ciia mau ca phé HV,
nhoém pyrazine ciing chiém ti 1¢ cao twong tw nhu
mau ca phé TN, c6 tong ti 1 cac chat mang ho
pyrazine 1a 47,73%, tiép theo la nhém Furan la
12,83%. Céc hop chit bay hoi dién hinh c6 trong
ca phé & nhitng nghién ciru trude day [5] cling
dugc tim thay trong mau ca phé HV. Két qua thu
dugc c6 khac so véi mau ca phé TN, xuit hién
thém nhiéu chat méi trong d6 c6 pyridine,
benzaldehyde, nhém chéat chia phenol, 2,3-
butanedione. Trong do6, benzaldehyde c6 mui
hanh nhan, 2,3-butanedione la mot diketones c6
mui gidng mui caramel. Nhiing hop chat déu
dugc sinh ra do phan ung chinh la phan (ng
Maillard. Qua trinh chung cét c6 thé lam phan
hity nhitng hop chat kém bén nhiét va dua dén su
Xuit hién mot sé hop chat mai.

Phuong phap trich ly cho san pham ca phé
rang xay Trung Nguyén chi phan tich dugc 33
chat, miu ca phé Huong Vang & cing phuong
phép SDE véi Trung Nguyén duoc 45 chat. S6
lwong nhiéu hon 12 chat nén tién hanh phan tich
thém ca phé Huong Vang theo phuong phap
SPME, két qua thu dugc 49 chat.

Béng 4. Thanh phén chinh trong hwong ca phé

Nhém Nhém Nhém
pyrazine | furan khéac

SDE/GC- 48% 13% 39%
MS

SPME/GC-
MS

26,16% | 19.08% | 54,76%

Pinh danh mét sé hop chdt trong hirong cria
mdu ca phé HV theo phwong phép SPME/GC-
MS: Phé GC-MS theo phuong phap SPME cho
két qua thu duoc c6 49 chit, trong d6 3 chat c6 ti
I& % cao nhat 1a 1,2 propanediol chiém 14,29%,
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tiép dén l1a acid acetic chiém 9,63% va tha 3 1a 2-
furanmethanol chiém 7,58%. Trong hop huong
cia mau ca phé HV theo phuong phap
SPME/GC-MS, nhém pyrazine c6 tong ti 1¢ cac
chat mang ho pyrazine la 26,16%, tiép theo la
nhém Furan 1a 19,08%, con lai 1a cac chét thuoc
céc ho khac nhau. Cuing mét mau HV, tién hanh
xtr Iy miu theo hai phwong phap khac nhau 1a
SDE va SPME thi két qua thu duoc c6 sy chénh
léch V& sb lwong céc hop chat. Phuong phap
SPME cho 49 chat, nhiéu hon SDE la 4 chit,
trong do6, giita hai phuong phéap cho két qua cé
nhiing chat Ia khac nhau.

4. KET LUAN

Phan tich ham luong caffeine cia 15 mau ca
phé (trong d6 c6 8 mau ca phé bot rang xay va 7
mau ca phé hoa tan) bang hai phwong phap trich
ly Soxhlet va SFE. Sir dung may sic ky HPLC dé
dinh luong caffeine. Cac két qua thu dugc nhu
sau: Ham luong caffeine trong cac mau déu nam

trong tiéu chuan nha san xuét ghi trén bao bi.
Ham luong caffeine trong cac mau trich ly theo
phwong phap SFE déu cao hon so véi phuwong
phap Soxhlet. Him luong caffeine trong 15 mau
phan tich rat da dang, tiy thudc vao muc dich cua
nha san xuét, caffeine dong vai trd quan trong gop
phan tao nén vi dang va su tinh téo, hung phin
cho nguoi tiéu dung. Khéo sat hai phwong phap
trich ly huong ca phé 1a trich ly bang hé thong
trich ly va chung cit dong thoi (SDE) va phuong
phép vi ly trich pha rin (SPME). Trich ly huong
ca phé bang hai phuong phdp SDE/GC-MS va
SPME/GC-MS. Két qua dat dugc nhu sau: Véi
mau ca phé TN trich ly theo phuong phap
SDE/GC-MS thu duoc 33 chét trong hop hwong;
Véi mau ca phé HV trich ly theo phuong phéap
SDE/GC-MS thu dugc 45 cht trong hop huong;
Véi mau ca phé HV trich ly theo phuong phéap
SPME/GC-MS thu dugc 49 chat trong hop
huong.

Determination of caffeine content and
the volatile compound in some products
of roasted and instant coffee Iin Vietham
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ABSTRACT:

The aims of this study was to evaluate
the quality of coffee in Vietham market. Two
methods Soxhlet and supercritical fluid
extraction (SFE) were used to investigate the
content of caffeine in 15 coffee samples; in
which, 8 sample of roasted coffee and 7
sample of instant coffee. —The content of
caffeine in 15 samples was different, and
dependent on the object of the
manufactures; caffeine is in charge of
contribution of bitter and alert for customers.

The content of caffeine was about 0.3% -
1.79% for the roasted coffee and 0.32% -
0.88% for the instant coffee.

This study was also found out the
method to extract the volatile compounds by
using SDE and SPME. The major volatile
compounds were pyrazine, furan, pyrrole,
and pyridine. The number of the volatile
compounds was 45 and 49 for SDE and
SPME, respectively.

Keywords: coffee, caffeine, SFE, GC-MS, coffee volatile compound
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