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ABSTRACT - In this study, we analyzed chlorogenic acid indicator components in preparation for the additional
listing of green coffee bean extract in the Health Functional Food Code and optimized caffeine for simultaneous anal-
ysis. We extracted chlorogenic acid and caffeine using 30% methanol, phosphoric acid solution, and acetonitrile-con-
taining phosphoric acid and analyzed them at 330 and 280 nm, respectively, using liquid chromatography. Our
analysis validation results yielded a correlation coefficient (R?) revealing a significance level of at least 0.999 within
the linear quantitative range. The chlorogenic acid and caffeine detection and quantification limits were 0.5 and
0.2 pg/mL and 1.4, and 0.4 pg/mL, respectively. We confirmed that the precision and accuracy results were suitable
using the AOAC validation guidelines. Finally, we developed a simultaneous chlorogenic acid and caffeine analysis
approach. In addition, we confirmed that our analysis approach could simultaneously quantify chlorogenic acid and
caffeine by examining the applicability of each formulation through prototypes and distribution products. In conclu-
sion, the results of this study demonstrated that the standardized analysis would expectably increase chlorogenic acid-

containing health functional food quality control reliability.
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Materials and Methods

Al 9 M=

oA AL F22A% 25F, e B E,
QY S EVE™- (HPLCH) ¥ WS (HPLCH ) Sigma-
Aldrich (St. Louis, MO, USAWXIZY-E +Y35t] AL&-3}
Atk AEe QIEY Al ARIES o] &35t 101E
mjste] Algo] ARE-som, B, BERE), AE(
AW ), DA, dENE)S FUER AAFE 5AS
Azstel FZ25 2 79l el diste] 84 A

= =

BFE8N =N
SRR 710 B2FS 2 25 mg A
to] WEez s =9 T 25mL Fu &I

=]

A3 e
PET F 30% WHLE AY FEL I43k] 045 um
WEA EE oo e EEgAoE Mgt

AEgH x5

FR2ate e o 0.1mg ol BHEES ANeE 4
YskA FHsk 30% HEES H7iste] AIEE HAuh
25mL F¥EetaIe HE3 § 30% HEee=
3|4 8kaL 0.45 um WEHR] JEZ A5 o
o2 AMgsTt

7171 =

SE24HE 48171 218l photo diode array (PDA,
Accela PDA 80, Thermo Fisher Scientific Co., Waltham,
MA, USA)7} -2F¢l high performance liquid chromatography
(HPLC, Nanospace SI-2, OSAKA SODA Co., Tokyo,
Japan)E AHE-sl o™, ZHH Capeell Pak UG120 Cq
(4.6 x 250 mm, 5 um, OSAKA SODA Co.) ©|312H, °]
T 05% AHEHT 0.5% A4 T S EVEH S
AHE3le] 1.0 mL/min 4522 F22414F 330 nm, 7}
¢ 280 nm& 3}o] -2} TH(Table 1).
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Table 1. Analysis parameters of HPLC for chlorogenic acid in sample

Parameters Conditions
Column Capcell Pak UG120 C (4.6 x 250 mm, 5 pum)
Column oven temp. 40°C
Injection volume 10 uL

A) 0.5% Phosphoric acid solution

Mobile phase B) Acetonitrile containing 0.5% phosphoric acid
Flow rate 1.0 mL/min
Warelengh O et g0
Time (min) A (%) B (%)
0 95 5
12.5 90 10
22.5 90 10
Gradient 27 70 30
28 10 90
30 10 90
31 95 5
40 95 5

% 10, 20, 30, 40, 50, 60 pgmLE AEIINOH, ¥
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(A) Chlorogenic acid standard (330 nm) (B) Caffeine standard (280 nm)

nn : W g“““‘%f“‘?muj’jb?@:f’ffg

(C) Chlorogenic acid sample (330 nm) (D) Caffeine sample (280 nm)
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(E) Chlorogenic acid standard (330 nm) (F) Caffeine standard (280 nm)
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(G) Chlorogenic acid sample (330 nm) (H) Caffeine sample (280 nm)

Fig. 1. Comparison of chromatograms by mobile phase conditions of individually certificated functional ingredient (A-D) and recent lit-
erature®” (E-H).
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© Chlorogenlc acid sample (330 nm)

(E) Chlorogenlc acid standard (330 nm)

(G) Chlorogenlc acid sample (330 nm)

=

(B) Caffelne standard (280 nm)

(D) Caffelne sample (280 nm)

L

(F) Caffelne standard (280 nm)

(H) Caffeine sample (280 nm)

Fig. 2. Comparison of chromatograms by pre-treatment conditions (extraction solvent) in 30% methanol (A-D) and 100% methanol (E-H).
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Table 2. Comparison of analysis results by pre-treatment conditions (ultrasonic extraction time)"

Ultrasonic extraction time

Chlorogenic acid contents

Content ratio to labeled amount Caffeine contents

(min) (mg/g) (%) (mg/g)”

0 24402 110.1 0.3+1.0

10 2.4+0.3 110.5 0.3+1.9

éf‘;ﬁ:/;) 20 2.4+0.5 108.6 0.3+1.6
30 2.4%0.1 109.3 03+12

60 24412 107.8 0.340.9

0 60.7£0.4 82.5 9.541.7

10 59.0+1.3 80.5 93412

(E;?ﬂegé ) 20 59.541.0 80.9 9.4+1.0
30 59.9+1.9 81.5 9.542.1

60 59.540.5 80.9 9.4+0.6

YEach data was obtained by three times analyses (n=3). Each value was the meanzrelative standard deviation.

ISpecifications of final product: 80-120% of labeled amount.
)Specifications of caffeine contents: no more than 20 mg/g.

Table 3. Comparison of analysis results by pre-treatment conditions (sample amount)"

Sample amount Chlorogenic acid

Chlorogenic acid contents Content ratio to labeled amount

Caffeine contents

(mg) (mg) (mg/g) (%)” (mg/g)”

10 0.02 0.940.1 409 02413

25 0.06 1.720.1 78.4 03422

50 0.11 2.040.1 91.0 0.3+0.9

(Sza;“zg /lg) 100 0.22 2.240.1 99.9 0.3+1.8
250 0.55 2240.1 101.6 0342.1

500 1.10 2.240.1 100.8 03432

1,000 2.20 2240.1 98.3 0.342.0

10 0.74 61.2+1.1 83.2 9.842.4

25 1.84 62.7+1.1 85.2 10.142.3

50 3.68 61.540.2 83.6 10.1+0.5

g;‘fg‘;lle;g) 100 7.36 61.4+0.6 83.5 10.120.9
250 18.39 62.4+0.4 84.9 103.40.7

500 36.78 60.8+0.4 82.7 10.0£0.7

1,000 73.56 62.8+0.5 85.3 10.30.7

DEach data was obtained by three times analysis (n=3). Each values was the meanzrelative standard deviation.

ISpecifications of final product: 80-120% of labeled amount.
)Specifications of caffeine contents: no more than 20 mg/g.
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(B) Sample

Fig. 3. HPLC chromatograms and spectrums of chlorogenic acid
in (A) standard and (B) sample.
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EE3} ATEYE O

MEJNAE A8 AlEHS AES A%, 717184 21
% o84 7% 14mL/ming 1.0 mL/min® 2 7]43}%
ok &3, FHEQl SARAY v Sl Al S A E
g A, SRR 7 928 FR Ade] A
sto] o] & afdstr] fal oled 71e7] &8 271& 0
F(0.5% AREH 95%:0.5% QAF T oHEYUEZ 5%)
—12.5(90%:10%)—>22.53(90%:10%)—>27(70%:30%)
—285(10%:90%)—305-(10%:90%)—>313(95%:5%)—>40 -
(95%:5%) 0.2 W7t F2274 7199 9=7) ¢k
3] wElEe As skl 223 30% ' 100%

i

(D) Caffeine (sample)

Fig. 4. HPLC chromatograms and spectrums of chlorogenic acid in (A) chlorogenic acid (standard), (B) caffeine (standard), (C) chloro-

genic acid (sample), and (D) caffeine (sample).
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(A) Chlorogenic acid

Fig. 5. Calibration curves of chlorogenic acid and caffeine.
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AlBolAM FREALN FHEQle] AEHe = HS

6,000,000

5,000,000

y=121380x + 20768
R*=0.9999

4,000,000

3,000,000

Peak area

2,000,000

1,000,000

0 T T T T T T T T
0.0 50 10.0 150 200 250 300 35.0 40.0 45.0

. Cone. (ug/mL)
(B) Caffeine

Table 4. Validation (accuracy, repeatability, and reproducibility) of analysis method for chlorogenic acid and caffeine (n=5)"

Chlorogenic acid

Caffeine

Treatments Spiked concentration (ug/mL) Spiked concentration (ug/mL)
20 40 60 8 16 24
Accuracy 1 19.8 39.5 59.3 7.8 153 229
2 19.8 39.9 59.7 7.8 15.5 23.1
3 19.6 394 59.9 7.7 153 232
4 19.7 40.0 59.6 7.7 15.5 23.0
5 19.8 39.8 59.2 7.8 15.4 22.8
Measured mean (mg/g) 19.7 39.7 59.6 7.7 15.4 23.0
%RSD 0.6 0.6 0.5 0.5 0.5 0.6
Recovery(%) 98.7 99.3 99.3 96.8 96.2 95.9
Chlorogenic acid Caffeine
Treatments Sample contents (mg) Sample contents (mg)
450 900 1,350 450 900 1,350
Repeatability 1 2.3 2.3 2.3 318.7 319.1 319.7
2 23 22 23 321.6 313.5 319.0
3 2.3 2.3 2.3 323.8 317.1 320.4
4 23 22 23 3154 307.8 326.4
5 2.3 2.3 2.3 320.1 314.2 319.8
Measured mean (mg/g) 23 2.3 2.3 3199 3143 321.1
SD 0.1 0.1 0.1 3.1 43 3.0
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Table 4. (Continued) Validation (accuracy, repeatability, and reproducibility) of analysis method for chlorogenic acid and caffeine (n=5)"

%RSD 0.5 0.1 0.1 1.0 0.1 0.1
Chlorogenic acid Caffeine
Treatments Laboratory Laboratory
A B C A B C
Reproducibility 1 2.3 2.3 22 319.1 331.0 358.1
2 22 2.3 22 313.5 331.6 354.5
3 2.3 2.3 22 317.1 3343 3514
4 22 2.3 22 307.8 3323 3544
5 2.3 2.3 22 314.2 3343 350.4
Measured mean (mg/g) 2.2 3333
SD 0.1 16.9
%RSD 24 5.1

YEach data was obtained by five times analyses (n=5).

g F0go AYsel 3 e BEe BE M4
2 Azstdnh 4% A U F dE oA 3
QA87] 9stel 2 Fmel HElA 3 wE ARE FBD
A}, AN VAR 0999 ol Ee AHHL

B tHFig. 5).

ZESHA(LOD) & HahetA|(LOQ)

HFENE 33] B4 AFAE ol 83t y "o %
A 332 FT 2 71E718 BAEUeE v @
= ASWAE, 100 3 gl 71e71e] Hape= v
T WS AFIAE é stk 2 Ad, SRR

et

SE24 MRS A & %*]E'Oﬂ o aF
o 7}z g2 FLEE spiking/recovery WHOZ 34T
= WiEES Tl MEYHE IS 7450}91‘:} REE
A7Pael wet FAIE et A F] ARE AH
st FFEN S AUekies o F227% HEFFE 20,

40, 60 pg/mL, 7H¥¢l HFF% 8, 16, 24 pg/mLo] H%
5 stk 2 A3, SEEANG ] s

95.9-99.3%% UElger, AEEHAE 0.5-0.6%A T
(Table 4).
Huc

AR Wl R  FUEL, repeaabily

NE R AAske 27t AlE

4). =3, Fhe] g 2 3199, 314.3, 321.1 mgkegl &
Uebgon, A EEHIIE 1.0, 0.1, 0.1%THTable 4).

AEA 7+ 8 AL = AEA, reproducibility)E &
A3tz flsked 1719 AFEE AAsIS Al A Al A
z}z} 53] wkE ZA . A U EEHAE g
o138t Ax, FEEAL 2.4%, 7HH 5.1%Z e
(Table 4).

120% HSlol = ook st 71191 Tk 20 mg/g ©] 3
2 AAEo] st F 1049 FeAlEFA B4 FF o
8l L, 7 oS E—‘:ﬁ 20 mg/g ©]3}
A £, viEE Al
2, A, %h—‘%‘—% T%Ei AlAIF
B stk 8l 284 AEE $3 5}

Aot 2RAAINFEE dEE o]&ste] AAF A=x7)

Ped FURE B, AW, vuld v shsaslon,
AYe FALe AA% 3ANE, AL ALUE, B

Ao Ao} AANERE ARV} 7o, 57H«] Al
AE BF F2Z2A4ke] ZA] TS 33.1 mg/g, 7HS]
SHFS 20 mg/g ©lstE AT & 572 AlAIE]
Zz2A2F Flyol ek B 7—'1_;,]— Z22A4e
T ek gie] 87.3-92.7%2, FHE¢le BE 20 mg/g ©
St2 A gslsdtH(data not shown).
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