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Abstract

A simple and practical method for determination of caffeine in foods was developed. The analysis of caffeine
was performed by reverse phase high performance liquid chromatography using a p-Bondapak C, column at
isocratic condition with methanol-acetic acid-water(20:1:79) on UV detector at 280 nm. The clean-up and
extraction of caffeine in samples were based on a simple pretreatment using a Sep-Pak C,; cartridge. Recov-
ery rates obtained with this method for cider, candy, cookie, milk, ice cream and persimmon leaf tea were
99.23%, 99.50%, 99.17%, 99.37%, 98.93% and 99.10% respectively. And the detection limit of caffeine was
0.1 pg/mL. With this method, the range of caffeine contents extracted from coffee, green tca, black tea,
Oolong tea(tea bag), soft drinks, ice cream, milk and commercial confectionery were 3.38~37.50 mg/g,
16.30~26.10 mg/g, 10.80~16.65 mg/g, 11.25mg/g, 0.06~0.11 mg/g, 0.04~0.44 mg/g, 0.04~0.39 mg/g and
0.10~1.80 mg/g, respectively. But caffeine was not detected in the other tea such as Acanthopanax sessiliflo-
rum tea, Angelica gigas tea, Angelica tea, Arrow root tea, Duchu'ng tea, Dunggulle tea, Ganoerma lucidum

tea, Ginger tea powder, Persimmon leaf tea, Ssanghwa tea and Cocoa mix powder.
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Table 1. Foods collected from 13 provinces for analysis

Name of Samples Number of
samples

Acanthopanax sessiliflorum tea(2.7}3] x}) ]
Angelica gigas tea(3F 2} 1
Angelica tea("d Y 4 2} 2
Arrow root tea(Z] x}) 2
Biscuit(¥] 2= %1) 4
Black tea(-&2h

powder 2

tea bag 3
Candy(# 3] 5t =) 2
Cocoa mix powder(3L3.0}2}) 4
Chocolate(ZZ3l) 5
Chocolate products(Z-&3 374 &) 2
Coffees(# =] )

drink, canned 5

instant powder 7

instant powder(decaffeinated) 2

roasted beans 5

vending instant powder 1
Cola(E%h 13
Cow's milk

tiquid milk containing recombined milk, ]

low fat, with coffee (3 2] 8} # 3] -$-)

liquid milk containing recombined milk, 1

with chocolate (& Z %)
Duch'ung tea(F% %) 2
Dungguile tea(-F2 & 2} 2
Ganoerma lucidum tea(®d =] 2}) 2
Ginger tea powder(4 7 2}) 2
Green tea(=2})

drink, canned 3

leaves, dried(common grade) 22

leaves, dried(crude) 2

tea bag 6
Tce cream(¢} o] 2222 ¥)

chocolate 2

coffee 2
Oolong tea(-$-5 2})

drink, canned 1

tea bag 1
Persimmon leaf tea(3+ < XF) 2
Ssanghwa tea(*§ 2-3}) 2
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Fig. 1. The HPLC chromatogram of caffeine standard
solution,
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Table 2. Recovery rates of caffeine from various foods

(Unit : %)
i R

Name of un Mean RSD

samples 1 2 3
Biscuit 989 994 992 99.17 0.25
Candy 977 1000 1000 9950 1.62
Cider 989 995 99.3 9923 030
Ice cream 980 995 99.3 9893 0.82
Milk 989 100.0 99.2 9937 0.57

Persimmon leaf tea 1000 99.0 98.3 99.10 0.86
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Fig. 2. The HPLC chromatograms of coffee extract at
various Sep-pak cartridges treatment. (A) before
treatment, (B) CI18, (C) silica, (D) florisil, (E) alumina A, (F)
alumina B, (G) alumina N.
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Fig. 3. Effect of extraction time on the contents of
caffeine ; extracted at 100°C
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Fig. 4. Effect of extraction temperature on the contents
of caffeine ; extracted for 10 min.
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Table 3. Contents of caffeine in commercial soft drink
and canned teas (Unit : mg/g)

Table 5. Contents of caffeine in commercial confectionery
(Unit : mg/g)

Name of samples Number of samples Contents

Name of samples  Number of samples Contents

Cola 13 0.06~0.11 (0.08)*
Coffee(canned) 5 0.18~0.75 (0.46)*
Green tea (canned) 3 0.11
Oolong tea (canned) 1 0.06

Biscuit(coffee) 4 0.18~0.30 (0.24)*
Candy(coffee) 2 0.10~0.46 (0.28)*
Chocolate 5 0.40~1.80 (1.10)*
Chocolate products 2 04

*mean value

Table 4. Contents of caffeine in commercial ice creams

*mean value

Table 6. Contents of caffeine in various teas (Unit : mg/g)

and milks (Unit : mg/g)
Name of samples Number of Contents
Name of samples Number of samples Contents ) samples

Ice cream (coffee) 2 0.05~0.44 (0.24)* Acanthopanax sessiliflorum tea 1 ND
(chocolate) 2 0.04~0.29 (0.12)* Angelica gigas tea 1 ND
Milk (coffee) 1 0.39 Angelica tea 2 ND
(chocolate) 1 0.04 Arrow root tea 2 ND
¥ y Cocoa mix powder 4 ND
mean value Duchng tea 2 ND
Dunggulle tea 2 ND
Ganoderma lucidum tea 2 ND
7= Table 39 2o} AF I A= 0.18~0.75 mg/g(H Ginger tea powder 2 ND
] o] A= T, M=M= .11 o Persimmon leaf tea 2 ND
T 047 mg/g)e] HEFAR, WERAN mg/ge] Ssanghwa tea 5 ND

HEHU2 H-TANAE 006 myeS 2 HApEo
cha w2 AEE HedFge FEbME 0.06-0.11
mg/g(3T 0.08 mg/g) AEEAUTE £ Azt AFA =)}
o AR B oF 4-8u) AT ¥ ) ek
vepd o 7 ggog A=l Fe), NFaAom
vebse

7ol obelad Fo] Flsial ke ¥4 A
= Table 49} 7o} Ao|ab ofe]Amyg L Alg F3]
S8 FHEE 7lulel dEF0.46 mg/g)e] AT
3 024 mgfg)e] AEHNT, 2F3 9k ojo]xzm
HL 0.04~0.29 mygHT 0.12 mg/g) A&} =3t

A AT 9= 039 mg/ge] AEHDL, 2T

fAE 0.04 mg/ge) A&

HA F9 7hd S NS AAE Table S
o} 2o 2ESME Al ARAR] AFAM 040~
1.80 mg/gC3T 1.10 mg/g)el HEEHU oM, 2F3TH
A FA M 040 mg/ge] HEEHUT. ATF w2
< 024mg/gE YRS EH, A& Al A9
124284 w2 g Jehliglch A Ads
0.10~0.47 mg/g(H T 028 mg/g)d] ¥FS Jehhdet.

o2 FF 212 sl kS BAEE AHE Table
6ol “eblidet. eriaizl, G}, gd<gzl, dal F
F2at, g2k, 2x}, 7L, A, A g =
Fopa} BF ZEE A st}

ZIZAFLZA Al Wl mHAE Qe F
2k, AR, 52 7 S AE sl g
T 85 2= 28 ZAAE Table 70 o}

All datas are average of three trials.
ND : not detected

Table 7. Comparison of caffeine contents in major teas

(Unit : mg/g)
Name of samples Ngmber of Contents
samples

Black tea, powder 2 16.65
tea bag 3 10.80
Coffee, vending instant powder 1 37.50
roasted beans 5 12.24
instant powder 7 19.74
instant powder(decaffeinated) 2 3.38
Green tea, leave, dried(common grade) 22 26.10
leaves, dried(crude) 2 17.00
tea bag 6 16.30
Oolong tea, tea bag 1 11.25

epilet. Aol As dubd ez A5A) Qast
E Avdc 7] o] & HoE AET, ¢
iRl Aol FiEigle] & Aoz gzpEh, B4
g Aol M A7) 8AT] 37.5 mp/g, DFAT 12.24
mg/g, ALEREAT] 19.74 mglg, D71 QAT 3.38 my/
g2 Ar]g Aze §apel s ko, dvtH|
o A AW LAY 9.0%5F 25 vepdt) &
2}8] -9 leaves(common grade}= 26.10 mg/g, leaves
(crudey= 17.00 mg/g, tea bage 16.30mg/g ]2,
Zale] 79 B2 16.65 mg/g, tea bag 10.80 mg/go]
glom, $E2= tea bagell A 11.25mg/ge]l AEEH
st



1476

e <

AEF A dgt 38 Aol s o
A k2 Fhlel dal $el Al HE ssdt A
b L, BRI S g9 S &
dz sejvel S8 shsel Aol F Aelsiete]
7| &2ARE IR AEFY el g9E 4
slgdch. 7189l AL Sep-pak C,, cartridged ©]-4-3F
7Hdat g Bl AaHog 28RS g F
W E G E-2AE(20:1: 79 ©]FALR &I -
Bondapak C,, Z%H-& AME-sle] b 280 nmel| A 314
EEEEL e S ke i 5 L M Sl & s LR
ZA A AEE ]l B, otelxmd . v F
A F el FEH AFQ AN vhdefelelx
agY, F, 7. A, xjejthE WY E g
HAES HAAE= 27 99.10%, 98.93%, 99.37%, 99.17
%, 99.50% H 99.23%°19Z 7% AL 0.1 pg/mL
et ek AlFe] FEFI S oM 15F 82E5
ofe]2zy] 1F 4FF, 7R 1F 2F5, HA 4
T 13%E 9 AHEER 1F 13EE 5 & 2% 114F
B A AECE sl AFS sl S
A AR o 3Ad AgE AEEA e
3750 mg/g, UFAT = 1224 mg/g, AABEAT =
19.74 mg/g, F7PlQl A= 338 mg/gelsdom, Hx}
= leaves(common grade)”} 26.10 mg/g, leaves(crude)
= 17.00 mg/g. tea bagd 1630 mg/ge) T, TR} B
ol A 16.65 mg/g, tea bage 10.80 mg/gol Tt %
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