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Quantitative analysis of theobromine and caffeine in cocoa preparations
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In this study, we investigated a new analytical method to identify theobromine and caffeine in cocoa-containing preparations.
For the extraction method, the solubility of theobromine was increased by using phosphate buffer (pH 12.1). In addition,
using hexane as a degreasing agent and ammonium bicarbonate as a deproteinizing agent aided efficient sample preparation.

In the HPLC analysis, each peak was well separated by the gradient method. The results of the HPLC analysis were highly

accurate and reproducible.
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B-Hydroxyethyltheophylline (1,3-Dimethyl-7-[2-hydroxyethyl]
xanthine) (AT TEEMEMEL] L9 .) CREUERCTZE)

TH7 4V GERALART )

50 mmol/L ¥ A/FEKETEE (pH2.8)
(VAR IKHENY T L 544 g ROV ABE0.68 mL % 1 LD
K CHEHR)

134 mmol/L ¥ AFEFEER (pH12.1)
OKEALFT RY DA 134 g KOVD VBEKFZEZF R DA - 12
KT 11.99 g % 250 mL O /K THSR)

212 H#

%78 (Flour)

2837 (Whole milk powder)

#1714 RE (Cacao butter)

HIHAB I L2 (Milk powder for infants)

7V —3 U3 #— (Creaming powder)

REHI v 7 A¥ (2FE) (Mixed powder for confectionery, A and

B)

71 714 < A (Cocoa paste)

2 a7 /3 #— (Cocoa powder)

F a3 2 L— ML (Chocolate)
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50mL #2706, KEMZ TERLIZS DERERREKE L.
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HAERD, FIROTI A~ AR R TRT X —DHH 0 : 3 6 9 1.2 ot
TN BEIEZ RO, 2 b OREHIOWT, WRERDHL
ITEDRERZ L LTz, Fig. 1  Chromatograms of theobromine, caffeine, internal standard, and
theophylline by current analytical methods.
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5001 Internal standard Caffei
Table 1 Results measured by current analytical methods for retention time (RT) areine
and number of theoretical plates (NTP) of theobromine, caffeine, and
internal standard.
Theobromine Theophylline  Internal Standard Caffeine 0
RT NTP RT NTP RT NTP RT NTP 0 5 1'0 1'5 min
430 3558 5.25 3654 5.60 3232 791 4223
mAU

4007 (¢) AcGN4.5%

Table 2 Results measured by improved analytical methods at each acetonitrile
(AcCN) concentration in the mobile phase, retention time (RT) and number

of theoretical plates (NTP) of theobromine, caffeine, and internal standard.

Theobromine

Theobromine Internal Standard Caffeine 2001
RT NTP RT NTP RT NTP Internal standard
AcCN 15% 415 14197 558 18022 750 14795 Caffeine
AcCN 105% 5.70 15325 957 21338 13.71 18792 A “
AcCN 4.5% 15.68 21633 39.61 20382 58.62 21516 0
0 15 30 45 60 min

Fig. 2 At each acetonitrile (AcCN) concentration in the mobile phase,
chromatograms of theobromine, caffeine, and internal standard by current
analytical: (a) AcCN 15 %, (b) AcCN 10.5 %, and (c) AcCN 4.5 %.
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200+
0
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Fig. 3 Chromatograms of theobromine, caffeine, internal standard, and
theophylline by gradient method.

Table 3 HPLC measurement results of theobromine, caffeine, internal standard,
and theophylline by gradient method.

Theobromine Theophylline Internal Standard Caffeine

RT NTP RT NTP RT NTP RT NTP

13.53 60896 15.79 177020 16.84 238685 18.20 254457

GINTRRENE ) T AA~EAR, BANET ' b= b U VREEA R
KEENDIRD, RAIGREZHLTWS ZET, 747r Iy
KOH 7 = A VORI ZZ /NS THZ IR L. £,
BUTIE T TRICOMET D Z LN TEXRNWT A7 4 U v LUV
WEMEEED, 4 BOEMOWTILE N RIFRE—Z7IKED
R AR L, DL+ THo7m. DO D, Zogy
B2 RIEE LTHWAZ L & LT

32 TAIOIUAMHESABRER
AKERIET Y & SOKEERE (NaOH), S (HCI) D ABERENTE

(pHI12) OF A7 1 I ERIERBRE R A Table 4 1277

Table 4 The solubility of theobromine in each solvent.

Concentration (mg/mL)  Solubility
0.2mol/L NaOH 37.61 3.76%
0.2mol/L Phosphate buffer 27.84 2.78%
0.2mol/L HCI 0.35 0.04%
0.1mol/L NaOH 19.18 1.92%
0.1mol/L Phosphate buffer 16.22 1.62%
0.05mol/L NaOH 9.81 0.98%
0.05mol/L Phosphate buffer 8.32 0.83%

0.2 mol/LHCl ~D7 47 v I USRS, IKA~DIEMREE L K&
RRFET 2o T2 b D@, 0.2mol/L NaOH (237K DF 110 fi5Lh Lo
3.76% (wiv) B2 2 L3bh->7=. £72, 0.05mol/LNaOH T
BRI 1% T AT v I EMET S, —J7, 0.1 mol/L Y ABEREEIK
(pH12) b7 7 1 2 13 LO2%IARET D Z L b7z,

33 BHAEpHIZEIT2RESRBRER

LEMRBR O RE Fig 4 18T, 747 a0, WITho
PHIZEBWTH B — 7 HEEOEENIZEA LR, BETHDHZ
Lot

—J5, BT = A ROWEEREWE O ©— 7 miiEiE, pH13 O%
TRV THRERIRGE & & b3 5 Z LoV Lz, Bk
PR & SRBOE ORI AR TH D23, sRIEREMAT T Iz R0
TEH T =4 R OPIEEWE PN EHI DR END 2 & AR S
T2, KE(ET b Y U DOKERZ MRS E L THW SO
ANHEYBTHDHEEZOLND. TN LT D L, pHI2 OIFEPIC
BWTIE—7 WEEOWA D72 <, pHT T — 7 mfE i
FEAEE LD oz,

TAT B IV OEMEITEEESROIFE SR RS 5T, &
7 oA VORISR A DI LR LT e
7, TAT IV RON T = A U OFHEEEIZIX 0.1 mol/L V
PUBBHRERERR (pHI12.1) Z8R L7z,
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Fig. 4 Stability test results for each pH of (a) theobromine, (b) caffeine, and (c)
internal standard.
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MMz 50 °C OIRBEH TR L, MIEEEMLTZ. ZO=EkE
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OB D X o< IRE 9 &, 50°C T 10 B E R 21T
STz, FH B OERE % 2,000 rpm T 10 2y s O5EEL 721, b
JBD~F VB ERAE Ay METRE L. RIZ, BILEICH
Y 15mL 2z, 50°C T 5 45 F#8E L L, 5,000 ppm
T 10 RBEODEE L1, EBO~F YU BEHIA L~y MET
Lz, &512, EREIZ 1 mol/L BREET > & =7 LKIEIK
10 mL %02 TR W IRE 7%, =L % 7,500 rppm “C 10 47 fHiz L
NHEL, HiBZERM A (JISP3801IHET A S5TEA, 5HEB
Xix 6 flEHME) TABMLTZ. AD3mLE ISmLEDAZ Y 2
— A TZERY, K2 mL ZIZ TRY BT 7%, L% 0.2 um
DAT VLT 4 VE—THB LI D &SRB ORI L Lz
ARERT, MIRTOTFT AT 0 I RN 7 = A EEITHITEL
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| Sampling |

| Hexane: 20 mL, Melted at 50 °C |

v

134 mmol/L Phosphate buffer: 15 mL, Internal standard: 5 mL
Ultrasonic cleaning at 50 °C, 10 minutes

!

| Centrifuge for 10 minutes at 2,000rpm |

'

| Remove hexane |

| Hexane: 15 mL, Ultrasonic cleaning at 50 °C, 5 minutes |

| Centrifuge for 5 minutes at 5,000 rpm |

¢

| Remove hexane |

¢

1 mol/lL Ammonium bicarbonate: 10 mL
Shaking and centrifuge for 10 minutes at 7,500 rpm

| Filter and collect 3 mL, add 2 mL of distiled water |

| Filtering with a pore size of 0.20 mm |

¢

| HPLC measurement |

Scheme 1  Flowchart of the improved extraction method for theobromine and
caffeine.
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Fig. 5 Calibration curve of (a) Theobromine, and (b) Caffeine.
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4, B S| T, HATEL Y WMARECEIREDT 470 IV KON 7 oA
L ORIEE T CX 5 2 Eivbhote. LLEOREMNS, BEL

a7 EARMERRRICEENDLG T AT RI VKO T A
Y OEBIIEICOWT, BUTHETH BBBIHTE No.112 T2 =
T DEBGHIE] OUEFRREREEZRFL, HilhTA7rIv
RO 7 = A > O 7 EIONS HPLC O 2y Bt 2 Mt L 7=

HHFECONTIE, KICHAEECTH L7471 I v ofmtic

O ABEREER (pH12.1) Z WD Z & C, K&V FREERIC SR D,
Hydroxyethyltheophylline % BAFIZ/HET 5 Z ENARETH D, B

WCHIHTE 5 2 LAV L7, 2z, BIERIZ n-~FH 2,

OB EZ RS2 2 Lok v, BUTEZUGET 5 aTRekn
RE S fLTz.

HPLC DOBEGMICOWTIE, BT DA 7 ¥ a VLRSS

#U7= Sunniest RP-AQUA % L, FBEHMEERHRIC 50 mM V) ABREE
fHik (pH2.8) KO b= MU LEEH LI F V= MEICE
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Table 5 Measurement results of reagent addition recovery test. The values are average value measured by sampling 3 times each.

Current analytical method (No. 1

12) Improved analytical method

Theobromine Caffeine Theobromine Caffeine
Recovery Fluctuation Recovery Fluctuation Recovery Fluctuation Recovery Fluctuation
Rate (%) value (%) Rate (%) value (%) Rate (%) value (%) Rate (%) value (%)
Flour 99.71 0.08 100.04 0.06 101.46 0.17 98.80 0.11
Whole milk powder 99.09 0.02 99.48 0.02 101.24 0.09 99.64 0.15
Cacao butter 98.97 0.31 104.71 0.22 102.16 0.29 104.91 0.11

Table 6 Measurement results of cocoa paste, cocoa powder, chocolate, and mixed sample recovery results. The values are average value measured by sampling 3 times each.

(a) Measurement results of theobromine and caffeine contained in cocoa paste, cocoa powder, and chocolate, respectively.

Current analytical method (No. 112)

Improved analytical method

i : No—fat
Theobromine Caffeine o~tat cocoa
content

i ; No—fat
Theobromine Caffeine o~tat cocoa
content

Average Fluctuation Average Fluctuation Average Fluctuation

Average Fluctuation Average Fluctuation Average Fluctuation

(%) value (%) (%) value (%) (%) value (%) (%) value (%) (%) value (%) (%) value (%)
Paste 1.24 0.30 0.11 0.51 42.09 0.31 1.08 14.99 0.11 13.17 36.89 14.83
Powder 1.98 0.07 0.14 0.19 65.87 0.06 1.59 18.66 0.11 17.91 52.97 18.61
Chocolate 0.12 1.10 0.03 1.24 4.58 1.11

(b) Measurement results of mixed sample recovery results. It is the result of calculating the non-fat cocoa content. The theoretical value is calculated from the result of (a).

Current analytical method (No.

112) Improved analytical method

No—fat cocoa
content (%)

Average Fluctuation

No—fat cocoa

content (%) Average Fluctuation

Theoretical Measured (%) value (%) Theoretical Measured (%) value (%)
Value Value Value Valure
MPC*-A + Paste 21.08 20.93 99.29 0.08 18.42 16.82 91.29 15.01
MPC-A + Powder 32.88 33.04 100.50 0.61 26.46 16.62 62.82 11.46
MPC-B + Paste 21.08 20.92 99.24 042 18.42 18.61 101.03 443
MPC-B + Powder 32.89 33.17 100.86 0.77 26.44 2439 92.22 14.89
CP™ + Paste 20.88 20.67 99.03 0.20 18.45 20.75 112.48 0.45
CP + Powder 32.83 32.90 100.20 0.38 26.44 33.00 124.81 0.54
MPI **+ Powder(6%) 3.99 401 100.59 0.29 3.11 3.17 101.94 3.07

* Mixed powder for confectionery (A and B).
**  Creaming powder
**k  Milk powder for infants
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Fig. 6 Chromatograms of chocolate measurement results in the improved method.
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