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Quantitative analysis of theobromine and caffeine in cocoa preparations (the second report)
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In this study, we examined improvements of the analysis method for theobromine and caffeine content in cocoa

products. It was found that using sodium hydrogen carbonate buffer (pH11) as an extraction agent, hexane as a

degreasing agent and ammonium hydrogen carbonate as a deproteinization agent proved to be an efficient sample

preparation method in a single step. By using an Erlenmeyer flask instead of a centrifuge tube, stable extraction rates

were attained.

a2 7 RO OB L EICBIBIEERE 18 T I N D DY,
g a7 EEATHEWIEN O —0 ) — RS TR RS 19 HEHIC
SEEND. FRE 19 F~ONT IERICBE LIz a7 & L
TR LIcma7offsE (UF Maa74] Lno)) icky
W SNDZ & &b, aa7 3 TA7 eI v kO 7 -
AV OEFEOAFHCBREEK 31 2R U2 AVD 2 EAFE
FIRHE 19 BRRICHE SN TWS. LER- T, st
DT AT IVROHN T =2 A LV OEFREERT D Z EIEBERY
HEEETHD.

a2 a7 Sy OEESHENL, BLBHE No. 112 227 OE &5y
Brigs) D (LT THATED £V ).) IKEDLRTVAR, kDO=
RUIZOWTHENREEND.

—HBIX, TAT O OKSDORMEN 05 /LA RV &
Thb. BUTIETIHE, KEMMBHEE L TTA7e I KOS 7
A VERIFICERL TN, 7478 IR RIlRm Iy
LIOIITRRIEE LR THIMER S D, LnL, AAFHO
BT 2 A ATEFENDI2NTZD, TAHT v I CORREIED
HCHBFARZAT O LRIETH OB 7 = A IRENIEFIEL 225
ZEinh, ERRERDHNEEL RDIBENARDD.

THBE, BRI RENT, ZEOMBMRENRSLERZ & T
D, BUTETIE, 2375z mEd Lizgickiz < Hlz
MZTWDH, ZOBIEM L7 A7 v I v bk LEmtEn
BLRDZEND, BEOMBMMMBANIEL 25T N5 .

ZREE, BEEs s e~ 8777 4 — (LT IHPLC) &9 )
DI T DR OGRS FZEORMA S D 2 ThD. ik

> NERR S
> WBERBI R HTET T277-0882  THERAMATIOLE 6-3-5

BRI 7 AT, 747 B I Eh 7 oA VORFICRE
RENRD DD, TAY7TT 4 v 7ETIE, WMEEEDRE—
I TR EAR OO BERIE T2 2 L RREETH S,

T XD 7RG, B 1#H OTIE HPLC O4y BRI DN T
FTa I VRN T oA v OFT RO EIT o T2 &
DFEE, HPLC DOAEESRMCOWTIE, BT ACA T X ai Ltk
& < 417= Sunniest RP-AQUA Z i L, BEhHYE#RIZ 50 mmol/L
0 AUBEREENR (pH2.8) RN h=NYLVEFERA LT Vx
MEZHWDZ LICEY, TATuI v, BT xA v ROPIEEYE
W'HE & % B-Hydroxyethyltheophylline % FL4FIZ o35 = & A37]
HTHDZ Lnbinole. fiHFEIZOWTIL, KIZHEETH
L7 A7\ I ORI 0.1 mol/iL V) AREREE% (pH12.1) Z v
26T, LVEBEICHNCEAZENHBILL. £, BB
Rz ~FH 1, BRIZAESHIZ 1 mol/lL [REEKFRT =0 A
RSN A 2 R A THIEERAT 5 2 & C, BUTELR Y i leHk
ECT AT u IV BN 7 =4 » OREOREM%Z B L7z,

—J5C, PAEHEY)E C b % B-Hydroxyethyltheophylline & N4 7
A TR T COMT 5 2 L, B 1 MO RIEIZTH
WA ORI EB OIS DERREN L - & 722 o
7-.

Z ZTCARIZETIE, Faal— MEFRO a7 EEE A,
BELTCTAT IV ROA 7 oA U EMETE 2500 B %
1T DOTHETS.

T221-0031 AZR) I A AR SR 1 XTI 5] 2-1-10



56

a7 EHRHEERR T OT AT I VRO T A DEESHECONT (5 2 #)

21 BERUEH
211 HE
TAT7Ta I HR LA LH)
N7 =AYy (BT 4 ZFDEHIZE)
B-Hydroxyethyltheophylline (1,3-Dimethyl-7-[2-hydroxyethyl]
xanthine) (LAT TPERMEMEL] &9 .) CREUERLLHE)
50 mmol/L ¥ AEETEE K (pH2.7)
VAR IKFEH Y U 544 g LMY A% 0.68 mL % 1000 mL
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15 S PR¥F)

Vieis : 1.0 mL/min
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(pH1D) IC L2747 1 I iR 4 Table 1ITRT

Table 1  Solubility of theobromine.

Solubility (%)
100 mmol/L sodium hydrogen carbonate buffer (pH10.5) 0.65
100 mmol/L sodium hydrogen carbonate buffer (pH11) 0.91

T A7\ I 4%, 100 mmol/L fREEFEEK (pH10.5) 121 0.65%
100 mmol/L RERFEENR (pH11) (21X 0.91 WiAfF+ 5 Z & B hno
7o B LA L 0.1mol/l Y ARETEER (pH12.1) 12815
162 %L LT 5 LEMIEITIET LTV 2, KIZBT D4
0.05 % & thiig 3% & Rk & <MD B LT,

3.2 pHLL IZHBITHREMRBRER
LEMRBROMER % Fig. L1TR7.
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DOYEIEMEMET TR SNEZE 1RO 7 HREITH 20 %L W94

fRRLIET DL, RECYEINTNWD Z ENRHERINE
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Stability test results for pH7 and pH11 of theobromine, caffeine and internal
standard.
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Sampling in 100 mL Erlenmeyer flask

100 mmol/L sodium hydrogen carbonate buffer : 5 mL
hexane : 30 mL

Shaking for 20 min at 50°C

100 mmol/L sodium hydrogen carbonate buffer : 35 mL
Shaking for 10 min at room temperature

Internal standard : 10 mL
Removing hexane layer

1mol/L ammonium hydrogen carbonate : 50 mL

Filtration by 0.45 pm membrane filter

Determination of theobromine and caffeine by HPLC

Scheme 1 Flowchart of the improved extraction method for theobromine and
caffeine.

34 REROEK
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TATE I VOEMEMES 2D E LTS, ZODIUTET
i, BRIZAELS BIE A T2 X B R BEE ST 7o, HERRE
S HZ L TTFAT r I v EFRESE2BERLETHD.
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7o BIT, BRIZAEKBOGERT A7 0 I v OERIZEZ D
HEERRE L.

FFRC, BBRETHOTW DR AL AITH B REEKSE
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Y MGEL 7z
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72 AEL FZ VR WRIEO T BT A7 1 2 v OE B B ME
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1%L M RIEOBIEMOZITR T AL FIOZETITR L, 0
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Fig. 2 Calibration curve of theobromine and caffeine.
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Fig. 3 Liquid chromatogram of cocoa mass by the improved method.
Table2  Measurement results of cocoa masses, cocoa powders and chocolates.
Current analytical method Improved analytical method
theobromine caffeine defatted cocoa content theobromine caffeine defatted cocoa content
average (%) RSD (%) average (%) RSD (%) average (%) RSD (%) [average (%) RSD (%) average (%) RSD (%) average (%) RSD (%)
cocoa mass 1 1.20 0.10 0.11 0.65 40.54 0.09 1.23 0.49 0.12 0.62 41.75 0.49
cocoa mass 2 119 0.62 0.12 0.52 40.70 0.60 121 0.25 0.13 0.27 41.58 0.25
cocoa powder 1 2.14 0.99 0.19 0.95 72.16 0.99 2.22 0.32 0.19 1.53 74.53 0.41
cocoa powder 2 1.95 1.21 0.17 1.09 65.64 1.20 2.02 0.41 0.17 0.49 68.02 0.41
cocoa powder 3 1.90 0.17 0.19 0.15 64.82 0.17 1.94 0.30 0.18 0.24 65.69 0.29
cocoa powder 4 1.91 0.16 0.14 0.53 63.71 0.16 1.97 0.10 0.14 0.08 65.57 0.09
chocolate 1 0.64 0.31 0.12 0.18 23.57 0.29 0.66 0.22 0.12 0.37 24.24 0.21
chocolate 2 0.43 0.06 0.05 0.27 14.93 0.08 0.45 0.05 0.05 0.16 15.51 0.03
chocolate 3 0.18 0.31 0.02 0.96 6.34 0.37 0.19 0.06 0.03 0.44 6.57 0.01

Table 3 Comparison of results between deproteination method and non-deproteination method.

deproteination method

Current analytical method

non-deproteination method

theobromine caffeine defatted cocoa content theobromine caffeine defatted cocoa content
average (%) RSD (%) average (%) RSD (%) average (%) RSD (%) |average (%) RSD (%) average (%) RSD (%) average (%) RSD (%)
cocoa mass 1 1.20 0.10 0.11 0.65 40.54 0.09 122 0.02 0.12 0.18 41.68 0.03
cocoa powder 1 2.14 0.99 0.19 0.95 72.16 0.99 2.20 0.28 0.18 0.22 73.80 0.27
chocolate 1 0.64 0.31 0.12 0.18 23.57 0.29 0.65 0.03 0.12 0.27 23.93 0.07
Improved analytical method

deproteination method

non-deproteination method

theobromine caffeine defatted cocoa content theobromine caffeine defatted cocoa content

average (%) RSD (%) average (%) RSD (%) average (%) RSD (%) |average (%) RSD (%) average (%) RSD (%) average (%) RSD (%)
cocoa mass 1 1.23 0.49 0.12 0.62 41.75 0.49 127 0.08 0.12 0.68 42.92 0.06
cocoa powder 1 2.22 0.32 0.19 153 74.53 0.41 2.29 0.29 0.18 0.28 76.53 0.29
chocolate 1 0.66 0.22 0.12 0.37 24.24 0.21 0.66 0.16 0.12 0.16 24.09 0.16
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