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SUMARY

DETERMINATION AND ASSESSMENT OF CAFEIN E, THEOBROMINE,
THEOPHYLLINE CONTENT IN VIETNAMESE TEAS COLLECTED
IN DIFERENT GEOGRAPHICAL AREAS

In this study, the content of cafein e (CF), theobromine (TB) and theophylline (TP) were determined in
35 tea samples, including green tea, black tea and different geographical origins (Yen Bai, Tuyen
Quang, Thai Nguyen, Ha Giang, Hoa Binh and Lam Dong). High performance liquid chromatography
(HPLC) method was used with the optimal separation conditions investigated. The mobile phase was a
mixture of acetonitrile and 20 mM, pH = 3 phosphate buffer solution (15:85 v / v) with maximum
absorption wavelength at 271 nm at room temperature. Extraction conditions was optimized by
factorial design of experiments. Optimum conditions were temperature extraction of 99 ° C, extraction
time of 8 minutes. The amounts of TB, TP and CF in tea had been determined by HPLC using the
calibration curve. CF, with an average content of 65,8 mg g was the major methylxanthine. TB and
TP had average contents of 5,288; 5,859 mg g”!, respectively. The coefficient of variation of the method
is less than 1.0%. The recovery for CB, TP and CF ranged from 99.0% to 101.8%. The results of the 35
tea sample colected in different areas showed the weight percentages of the three substances are
different. The contents of xanthines in Vietnamese tea reflectthe sources of tea from diferent areas
among Northern Midland region, Northern Mountainous region and Tay Nguyen region of Vietnam.
Keywords: cafein e, theobromine, theophylline; original sources, tea; HPLC

1. MO PAU theophyllin (1,3-dimethylxanthin) (TP). Trong
Che c6 tén khoa hoc Camellia sinensis (L.) do6, cafein chiém khoang 2-5% luong kho;
Kuntze, 1a mot loai thirc ubng rat phd bién trén theobromin va theophyllin véi ham lugng
thé gidi, ¢ cac nuéc chau A dic biét 1a khé nhé hon nhiu so véi ham luong cua
ving Pong A. Ché da 1a mot phan khong thé cafein , chiém khoang 0,33% khdi luong chat
thiéu trong nén van hoéa cing nhu 4m kho [1]. Tuy vay, vai tro cua theobromin va
thuc. Ché co tac dung kich thich hé than kinh theophyllin trong dugc tinh cia cay che
trung wong do ho xanthin c¢é trong ché gém quan trong hon so vdi cafein [2]. Cong thic
cafein e (1,3,7-trimethylxanthin)  (CF), cAu tao ciia theobromin, theophylin va cafein
theobromin (3,7-dimethylxanthin) (TB), va dugc thé hién trong hinh 1.
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CF: Ry=-CH3 Rj=-CHj

TB:R;=-CH3 Rj=-H

TP: Ry=-H R, =-CHj
Hinh 1. Cdu tao CF, TB va TP
Nhiéu nghién ctru da chi ra rang cac yéu to nhu
giéng, ché d6 canh tac, diéu kién khi hau, thd
nhudng, cong nghé ché bién... c6 anh hudng
t6i thanh phan hoa hoc cua che, dic biét 1a ham
lugng cac chat nhom xanthin, polyphenol,
catechin. Do d6, cac loai tra duoc tréng trong
cac khu vuc dia 1y khac nhau sé cé nhitng khac
biét dang ké trong thanh phan hoi hoc cua
chang [2].
Hién nay, viéc phat trién cac phwong phap
phan tich dé xéac dinh cafein , theobromin, va
theophyllin trong cac san pham thyc pham,
dich sinh hoc va dd ubng co cafein hodc s6 ¢o
la, ciing nhu trong qué trinh san xuit dugc
pham dang rt dugc quan tim [3-6]. Mot sb
phuong phap sic ky di dugc dé xuat dé xac
dinh nhimg methylxanthin nay [8]. Nhiéu
nghién ctru vé diéu kién chiét ché ciing cho
th'f\y ¢ rét nhiéu dung moi, nhiét do va thoi
gian da duoc sir dung dé chiét che trude khi
phén tich [5, 8, 10]. Do d6, so sanh dir li€u tu
céc nghién ctru str dung cac phuong phéap chiét
xudt khac nhau 1a khong hop 1y. Vi viy can
phai chuan hoa quy trinh chiét, phuong phap
phan tich va t6t nhat 1a chiét xuat bang nudc
s0i trong 5 phut ¢ mo phong viée sir dung cheé
hang ngay, phan tich bang phwong phap
HPLC.
Trong nghién ciru nay, ham luong cafein ,
theobromin va theophyllin trong ché dugc
xac dinh bang phuong phap sic ky léng hiéu
nang cao pha ddo (HPLC) véi bo phat hién
DAD, cho phép bom truc tiép mau vao ma
khong cin xu Iy phuc tap, ngoai trir mot
budc lgc. Cac methylxanthin nay dugc phan
tich trong cac loai ché dugc trong & cic ving
khac nhau trén Viét Nam ( ving mién nui phia
Béc: Yén Bai, Tuyén Quang, Ha Giang, Hoa
Binh; ving trung du Bac Bo: Thai Nguyén va
ving Tay Nguyén: Lam Pdng). Cac thong sb
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nay dugc coi 1a bd mo ta dé phan biét cac loai
che theo ting vung dia ly khac nhau.

2. THUC NGHIEM

2.1. Héa chit va thiét bi

- Cac chét chuén gdm cafein e, theobromine va
theophylline dang bdt cua Sigma-Aldrich véi
do tinh khiéttwong Gng 1a 99,0% + 1%, >
98,5%, > 99,0 %.

- Dung dich dém phot phat 20mM, pH = 3
dugc chuén bi tir K;HPO,, H3POs.

- Céc hoé chét khac déu thudc loai tinh khiét
nhu axit axetic, natrihdroxit,axetonitrin,
methanol(Merck).

- Thiét bi HPLC-DAD-MI10A (Shimadzu); Cot
chiét pha ran: C18 500 mg, 6ml; Water Oasis
HLB, 6 ml.

2.2. Dbi twong nghién ciru

Thu thap miu: trong nghién ciru nay di tién
hanh  phén tich cafein , theophyllin va
theobromin trong 35 mau ché & mot sb tinh
trung du mién nai phia Bic Viét Nam va Tay
Nguyén ( 4 miu ¢ Yén Bai, 4 miu ¢ Tuyén
Quang, 5 mau ¢ Ha Giang, 4 mau ¢ Hoa Binh,
10 mau ¢ Thai Nguén va 8 mau & Lam Pong).
Cac mau ché xanh, ché den va ché dlong duoc
lay vao ti PE, ghi 1y lich mau: ngay, thoi gian,
dia diém léy mau va khéi luong mau; sau do
dugc bao quan trong tu lanh (theo tiéu chuén
Viét Nam TCVN 639:1999 (ISO 4072:1982).
2.3. Quy trinh phan tich

Dung dich chuén gbc (500 ppm mdi chat) duoc
chuan bi bang cach cin 0,0125¢g timg cht, hoa
tan bang nudc deion (v6i CF va TP), hoic
bang dung dich metanol 50% (véi TB) sau d6
cho vao binh dinh mic 25ml, dinh mirc dén
vach va bdo quan & nhiét do tir 0 — 5°C.

Xt Iy mau ché: Ly chinh xac (+ 0,0001g) c&
1gam ché kho (d3 giit trong binh hut 4m) vao cbe
thay tinh ¢6 moé 100mL. Sau d6 thyc hién quy
trinh chiét thuong va chiét theo tiéu chuan Viét
Nam (TCVN) nhu mé ta & so d6 hinh 2 va 3.

2.4. Phuwong phap nghién ciru

Ham luong TB, TP, CF trong cac mau ché
dugc xac dinh bang phuong phap sic ky
long hi¢u nang cao (HPLC), detector DAD,
st dung cot tach 1a cot supelcosil RP— C18,
pha dong bao gom ACN/ dém photphat.
Nhimg diéu kién va thong sd can thiét cho
phép ghi do HPLC t6i wu, khoing nong do



tuyén tinh va dudng chuan xéac dinh ham
lugng TB, TP va CF da duoc nghién ciru, xac
1ap va xay dung. Panh gia phuong phap da
dugc tién hanh théng qua tinh toan giéi han
phat hién (LOD), giéi han dinh luong
(LOQ), db lap lai ciia phép ghi do va hiéu suit
thu hoi trén mau che.

Chiét bing 100mL nuée d& ion tai 100°C va 1
trong 5 phut(1)

I \
Loc dich chiét qua giﬁ’ly loc va dé ngudi va dinh
mirc 100mL

1 7
Tiép tuc chiét 14n 2 gidng véi (1)
Thu dwoc 2 dich chiét => trén déu => Thu duoc
dich chiét tong cong 200mL

NS

Can chinh xac 1,000g mAu ché l
NS
Loc qua dung cu loc ¢& 156 0.45 pm

Po mau

Hinh 2. So' do chiét thuong

‘ Cén chinh x4c 1,000g miu ché cho vio ong chiét ‘
e i3 -
Cho hén hop methanol/nude(7:3) dung trong bo phan phéi
dat trong n6i cach thuy dé 30 phut

Dit ng chiét mau vao ndi cach thiy 70°C va chuyén 25ml
hon hop methanol/nwde vao tron déu trén may vortex
1 €

Dun 10 phiit trong néi cach thiy, trén déu trén may vortex
sau 5, 10 phut
] E

‘ Pé nguoi, ly tim & tde do 3500r/phut trong 10 phut ‘
N/

Gan dich néi vao binh dinh mic 50ml, 1am lin tiép theo
fwong ty nhw cac budc trén thu duge 2 dich chiét

N/

‘ trén 2 dich chiét va dinh mire 50ml béug hén hop

methanol/nude

B 1y 5ml hén hop chiét tir binh dinh mitc 50ml pha loﬁngi
vao binh dinh mic 25ml

N

trdn va loc dich chiét da pha loing qua gidy loc

0.45um va do HPLC

Hinh 3. So do chiét theo TCVN
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3. KET QUA VA THAO LUAN

3.1. Khdo sat va lya chon diéu kién phan
tich téi wu trén h¢ HPLC

Pé tim duogc cac diéu kién tdi wu cho qué trinh
tach theobromin, theophyllin va cafein .
Chung toi dd khao sat bude song t6i uu, thanh
phan pha déng, téc do pha dong, pH va ndng
d6 cua dung dich dém photphat. Két qua thu
duoc la: cot sir dung 1a Supelcosil RP-C18; pha
dong CAN/ dém photphat pH 3,0 v6i ndng do
20mM; toc d6 dong 1a 1,2 ml/phut voi ché do
dang dong, thé tich vong mau 1a 20uL. Thuc
hién do voi detector UV tai budc song 271nm.
Séc ky dd tach ba chét trong cac loai ché khac
nhau thu duogc ¢ hinh 4.

3.2. Khio sat quy trinh chiét theobromin,
theophylin va cafein trong ché

Thyc hién xur 1y mau ché xanh tai Hé)ng Thai-
Téan Cuong- Thai Nguyén theo quy trinh chiét
thuong va chiét theo TCVN, thu duoc két qua
& bang 2. Sir dung chuin student dé so sanh su
sai khac ham luong do dugc ctia hai phuong
phap chiét cheé. Véi theobromin: kiém tra su
sai khac giira hai phuong sai voi 5 thi nghiém
lap lai cua mdi tap sb liéu, tri s6 P la
0,900>0,05. Vay két luan hai phwong sai khac
nhau khéng c6 nghia. Tiép dén kiém tra su
gidng hay khac nhau cia hai gia tri trung binh
st dung Minitab 16.0 thu dugc Pvalue=
0,000<0,05; do vay hai gia tri trung binh la
khac nhau c¢6 y nghia théng ké. Véi TP, sai
khac gitta hai phuong sai, P-value= 0,12>0,05,
nén hai phuong sai khac nhau khéng c6 nghia;
sai khac cua hai gia tri trung binh c6 P-value=
0,000<0,05, nén hai gia tri trung binh cua TB
1a khac nhau c¢6 ¥ nghia théng ké. Véi CF, hai
phuong sai khac nhau khéng c6 nghia ( do P-
value= 0,35>0,05) con hai gia tri trung binh
cia TB 1 khac nhau c¢6 ¥ nghia thdng ké ( do
P-value = 0,000<0,05). Nhu vay, ham luong
TB, TP va CF do duoc theo hai phwong phap
chiét khac nhau c6 y nghia thong ké. Chiét
thuong thu dugc két qua co gia tri cao hon
ching t6 lugng chét can duoc chiét ra 1a tdi wu
hon va bi mét di it hon trong qua trinh chiét.
Do d6, quy trinh chiét ché theo cach chiét
thuong dugc ap dung. Quy trinh nay vira don
gian hon, tiét kiém dung méi va chi phi, thuc
hién dé hon va hiéu qua hon.



3.3. Panh gia phuwong phap phan tich
3.3.1.Gioi han phat hién (LOD) va gidi han
dinh luong (LOQ)trong phuong phap HPLC
Dua vao phuong trinh dudng chuén tinh cac
gia tri LOD va LOQ cua ba chit CF, TB, va
TP, két qua duoc chi ra & bang 3. Vay nong do
thap nhat ciia ba xanthin ma hé théng phan tich
con cho tin hi€u phéan tich khac khong c6 nghia
v6i tin hiéu ciia miu tring hay tin hiéu dudng
nén 1a 2,83+ 0,12ppm véi TB, ddi véi TP va
CA c6 gidi han phat hién la 1,34+ 0,09 va
0,63+ 0,08ppm, twong tmg. Nong do thap nhit
clia ba xanthin CF, TB, va TP ma hé théng
phan tich bang phuong phap sic ky long hiéu
nang cao dugc nghién ciru trong nghién cuu
nay cé thé dinh luong dwoc 1an luot 1a 9,43+
0,13ppm, 4,46+ 0,05ppm va 2,12+ 0,01ppm.
3.3.2. D¢ lap lai cuiia phwong phap phdn tich
Pé danh gia d6 lap lai cua phuong phap phan
tich, tién hanh lap lai thi nghiém 6 lan trén

cung miu ché Hong Théi — Tan Cuong — Thai
Nguyén. Do 1éch chudn va do léch chuin
tuong d6i RSD% cuia phuong phap sic ky long
hiéu ning cao véi ba chét phan tich c6 gia tri
tu 0,02- 0,86%.

3.3.3. Dj thu hoi

Do dung cua phuong phap phan tich dugc xac
dinh bang cach sir dung mau ché Hong Théi —
Tan Cwong — Thai Nguyén, thém chuin tai 3
mirc néng d6 2ppm, 25ppm va 75ppm. Moi
mirc tién hanh lam lap lai 4 1an. Két qua phan
tich thu dwoc ¢ bang 2. Két qua thuc nghiém
cho thdy d¢ thu hoi ctia phuwong phap phan
tich tai diém thém chuidn khac nhau cua 3
chét phéan tich ndm trong khoang tr 99 dén
102%. Cac gia tri nay déu nam trong
khoang giéi han cho phép cia AOAC. Vi
vy voi khoang ndng d6 khao sat thi phuong
phép phén tich c6 dd chinh xac dap tng yéu
cau théng keé.

Bdng 1. So sanh két qua thu dwoc khi chiét theo hai phwong phdp khéc nhau

Phuong phap chiét TB (mg/g) TP (mg/g) CF (mg/g)
Chiét thuong 124,01 £ 0,41 82,65+ 0,69 659,08+ 0,18
Chiét theo TCVN 54,92+ 0,02 44,61+ 0,19 312,12+ 0,21
e TP~ 6,458 TP- 6,521 "*— = o 6,483
CF-9,368
TB-5,357

TB-5.509 9-9,296

o

(b)

(©)

Hinh 4. Sdc ky do ciia mdu (a)- ché xanh, (b)- ché den va (c)- ché 6long

3.3.4. Khio sit khodng tuyén tinh va xdy
dung dwong chuin xdc dinh dong thoi TB,
TP va CF

Tir dung dich chuan gbc pha thanh cac dung
dich hén hop ba chét ¢o néng d6 300, 250,
100, 75, 50, 25, 10, 5 ppm ciia mdi chat dé tién
hanh xay dung duong chuén dinh Iuong CF,
TB, va TP. Céc két qua thu dugc sau khi phan
tich dwoc xir 1y bang phan mém MS Excell tim
khoang tuyén tinh va phuong trinh héi quy
thich hop. Két qua cho thay khoang tuyén tinh
cua TB la Sppm- 150ppm, cua TP la Sppm-
300ppm va cua CF Ia tr Sppm- 200ppm va cac
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phuong trinh dudng chuan tuong tng 1a, TB (y
= 45949x + 109645, R? = 0.9976), TP (y =
67750x + 114029, R? = 0.9995), CF (y =
60929x + 53386, R2 = (0.9966).

3.4. Phan b6 ham lwgng CF, TB, va TP
trong miu ché

Sac d6 cuia ba chat CF, TB, va TP trong miu
ché xanh, ché den va ché olong trén hé thng
HPLC dugc chira ¢ hinh 4. Tt gia tri dién tich
pic thu dugc, dua vao phuong trinh duong
chuén tinh duoc ndng d6 cua CF, TB, va TP,
sau d6 tinh ham lugng ba chét trong miu ché
thé hién & bang 3. Két qua biéu dién phan bd




ham lugong cua ba chit dugc thé hién trong
hinh 5. Trong d6, cac mau ché mién nui phia
Bic ¢6 sb tha tu tr 1+17, cic mau ché Trung
Du Bic B ¢6 s6 thir tw tir 18+27, con lai la cac
mau Lam Dong.

Két qua hinh 5 cho thiy phdm tram khéi luong
cta tong ba xanthin trong cdc mau ché mién
nui phia Bic va Trung du Bic B¢ cao hon so
v6i ving Tay Nguyén. Mau ché Pai Tir - Théi
Nguyén c6 phan trim khéi luong cia ba
xanthin 1d cao nhat, cu thé: TB 0,505%; TP
1,038% va CF 11,551%. Va két qua thap nhat
1a d6i voi mau ché Lam Pong: TB 0,112%; TP
0,453% va CF 1,457%. Két qua hinh 5 ciing
cho thiy, véi TB va TP thi phan tram khéi
lugng cia ba xanthin khong cé sy chénh 1éch
nhiéu giita ba ving dia 1y. Tuy nhién, déi véi
CF thi ¢6 sy khac biét rd rang, cu thé: ving
mién nui phia Bic va Trung du Bic Bo (6,0-
8,0%) cao hon rit nhiéu so v&i ving Tay
Nguyén (2,5-3,5%). Tir d6 dan dén tong ham
luong ba xanthin tai ving Tay Nguyén 1a thap
hon nhiéu so v6i hai ving trén.

Két qua thyc nghiém co thé giai thich: & ving
Trung du mién nui phia Béc, cay ché co bé day
lich sir khoang 500 nidm, ché dwoc trong trén
dat Ferralit d4 voi, v6i khi hau nhiét déi 4m gio
mua. Trén mot mién khi hau c6 mua dong lanh
kéo dai (5-6 thang /nam) cdy ché phat trién
tuong d6i cham, giup cho viéc tich ty chat dinh
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dudng dién ra cham, lam cho ché & ving nay
ludn c6 vi dam da. So véi cay ché ¢ trung du
mién nui phia Bic, cdy ché Lam Dong c6 lich
sir phat trién muon hon rat nhiéu (khoang 150
niam). Cay ché Lam Pong dugc trong trén dat
bazan va khi hiu nhiét d&i nti cao. Miac du
cling c6 nén nhiét kha thap (19-23°C) tuy nhién
do ndm & d6i can nhiét 4m nén cdy ché phat
trién nhanh hon cy ché phia Béc. Do vdy lam
ham lugng ba chit xanthin trong ché Lim
Poéng thudng thdp hon nhiéu so véi cac ving
Trung du mién nui phia Bic.

4. KET LUAN

Phuong phap xac dinh dong thoi theobromin,
theophyllin va cafein trong mau ché & mot
sO tinh phia Bic Viét Nam va Lam Dong
bang phuong phap HPLC c¢6 d6 nhay cao,
phuong phap xir 1y maiu don gian. Him
luong cac chit 1a khac nhau theo vung dia 1y.
Tuy nhién, két qua trong nghién ciru con han
ché va chua phan tich dugc chinh xac ngudn
gbc cua che, chi danh gia twong ddi duoc anh
huong ciia ving dia 1y dén ham luong cac chat
trong ché. Pay 14 nhiing nghién ctru budc dau
dé tao tién d& cho cac nghién ciu thanh
phan TB, TP va CF trong mau ché & cac ving
mién khac nhau tir d6 xac dinh duge nguén
gbc cua ché dua vao ty 1& thanh phan ham
lugng cua ba chét xanthin trong che.

Boxplot of TP
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Boxplotof TB+ TP+ CF
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Hinh 5. Phan tram khoi leong cdc xathin trong cdc mau ché theo khu vue dia Iy khdc nhau
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