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ABSTRACT - This study was conducted to develop a simultaneous analysis method for ferulic acid, caffeic acid,
catechin and taxifolin from Health Functional Food (HFF) Pinus Pinaster bark extract. The simultaneous analytical
method for ferulic acid, caffeic acid, catechin and taxifolin is carried out using UPLC-MS/MS. The method validation
was performed to determine selectivity, linearity, accuracy, limit of detection (LOD), limit of quantification (LOQ)
and precision for ferulic acid, caffeic acid, catechin and taxifolin. LC-MS/MS method was established using an
Acquity UPLC BEH C,; Column and was applied for these 4 compounds. Product-ion traces, at m/z 194.2 — 133,
180.2 — 135, 290.3 — 245, 304.3 — 248, were used for quantitative analysis of ferulic acid, caffeic acid, catechin
and taxifolin, respectively. Excellent linearity (r*=0.999) was observed for ferulic acid, caffeic acid, catechin and tax-
ifolin in the concentration range (50-2500 mg/L). The observed recoveries of these 4 compounds were found to be
between 84.9 and 104.9%, while precision was between 1.20 and 4.43% relative standard deviation (% RSD).
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Table 1. Analytical parameters of LC-MS/MS for catechin, caffeic acid, ferulic acid and taxifolin in sample

Parameters Conditions
Instrument LC Acquity HPLC(Waters, Milford, MA, USA), MS/MS: Xevo TQ-S(Waters, Milford, MA, USA)
Column Acquity UPLC® BEH C,; (2.1 mm i.d. x 100 mm, 1.7 um)
Column temp. 40°C
Flow rate 0.5 mL/min
Injection volume 1 uL
Mobile phase A: 0.1% formic acid in water, B: 100% acetonitrile
Time(min) A(%) B(%)
0 92 8
1.8 88 12
Gradient 4.1 76 24
6.8 70 30
7.1 92 8
8 92
Ion mode ESI, Negative
Analysis mode MRM
Capillary voltage 2.0kV
Desolvation temperature 400°C

Table 2. MRM (multiple reaction monitoring) conditions of catechin, caffeic acid, ferulic acid and taxifolin in ESI negative

Compound Precursor ion (m/z) Product ion (m/z) Cone (V) Collision (V)
Catechin 290 245,203 20 14, 20

Caffeic acid 180 135, 90 20 14,18

Ferulic acid 194 133,178 30 28, 30
Taxifolin 304 284, 125 30 10, 24

Table 3. Comparison of analysis results by sample amount (Based on total procyanidin content)

Sample amount (mg)

Compound
2.5 5 10 20 40
Catechin 26.1+3.3 23.6+3.1 22.2+0.5 21.7£3.3 21.7£1.2
Caffeic acid 3.244.8 2.7+£2.2 2.5+2.8 2.7+4.3 2.8+4.5
Ferulic acid 3.1£3.2 3.0£2.9 2.7+£1.9 2.6+£3.4 2.943.1
Taxifolin 24.0+£2.1 220+1.9 19.9+2.2 19.8+1.9 201+2.7
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procyaniding 715E22 AT 5 procyanidin L2~ § 10 —e— Ferulic acid
AdEgAFEZEN F 700mglg EATH7] wlE] F 5 —<— Taxifolin
procyanidin® 2 3.5-7.0 mg H3ke 218 HElsATH(Table 3). . S
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Table 4. Accuracy of analytical method for catechin, caffeic acid,
ferulic acid and taxifolin in sample

Spiked concentration (mg/L)

Treatment
5.00 10.00 15.00
1 4.85 10.07 14.12
2 5.05 9.91 15.01
3 5.33 10.44 14.83
4 5.27 10.48 14.58
Catechin
5 5.24 10.53 14.38
Measured mean(mg/L)  5.15 10.29 14.58
RSD(%) 3.79 2.70 2.39
Recovery mean(%) 103.0 102.9 97.2
Spiked concentration (mg/L)
Treatment
0.50 1.00 1.50
1 0.49 0.95 1.48
2 0.52 0.93 1.45
3 0.50 0.94 1.38
Caffeic 4 0.52 0.97 1.43
acid 5 0.50 0.92 1.38

Measured mean(mg/L)  0.51 0.94 1.42
RSD(%) 3.01 2.01 3.16
Recovery mean(%) 101.4 94.1 95.0

Spiked concentration (mg/L)

Treatment
1.00 2.00 3.00
1 0.90 1.81 3.04
2 0.88 1.88 2.82
3 0.96 1.86 2.96
Ferulic 4 0.94 1.91 3.1
acid 5 0.93 1.69 2.86
Measured mean(mg/L)  0.92 1.83 2.96
RSD(%) 3.67 4.61 4.09
Recovery mean(%) 92.1 91.4 98.5
Spiked concentration (mg/L)
Treatment
5.00 10.00 15.00
1 4.73 9.56 14.11
2 4.70 9.45 14.43
3 4.89 9.44 14.41
4 491 9.70 14.60
Taxifolin
5 4.88 9.53 14.37

Measured mean(mg/L)  4.82 9.53 14.38
RSD(%) 2.07 1.09 1.24
Recovery mean(%) 96.5 95.3 95.9
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Table 5. Repeatability of analytical method for catechin, caffeic Table 6. Reproducibility of analytical method for catechin, caf-

acid, ferulic acid and taxifolin in sample feic acid, ferulic acid and taxifolin in sample
Sample contents (mg) Sample contents (mg)
Treatment Treatment
5 10 20 1 2
1 20.20 21.83 19.70 1 22.26 28.93
2 19.68 20.10 21.07 2 21.18 28.34
3 20.96 20.19 20.07 3 21.87 28.77
. 4 20.58 20.16 19.49 . 4 21.78 29.21
Catechin Catechin
5 20.35 20.54 20.15 5 22.01 28.77
Analytes mean (mg/g) 20.35 20.56 20.09 Analytes mean (mg/g) 25.31
SD 0.47 0.73 0.61 SD 3.70
RSD(%) 2.32 3.54 3.03 RSD(%) 14.61
1 2.69 2.73 2.73 1 2.73 2.61
2 2.75 2.71 2.75 2 2.71 2.56
3 2.71 2.73 2.70 3 2.73 2.59
Caffeic 4 2.75 2.72 2.71 Caffeic acid 4 2.72 2.62
acid 5 2.70 2.75 2.75 5 2.75 2.62
Analytes mean (mg/g)  2.72 2.73 2.73 Analytes mean (mg/g) 2.66
SD 0.03 0.01 0.02 SD 0.07
RSD(%) 1.05 0.47 0.79 RSD(%) 2.62
1 2.17 1.89 1.84 1 1.89 1.98
2 2.32 1.94 1.89 2 1.94 2.00
3 2.21 1.87 1.86 3 1.87 2.12
Ferulic 4 2.35 1.83 1.91 Ferulic acid 4 1.83 2.09
acid 5 2.27 1.89 1.90 5 1.89 2.06
Analytes mean (mg/g) 2.26 1.88 1.88 Analytes mean (mg/g) 1.97
SD 0.07 0.04 0.03 SD 0.99
RSD(%) 3.25 2.00 1.52 RSD(%) 5.02
1 22.10 19.76 19.25 1 19.76 22.97
2 21.17 19.18 19.37 2 19.18 22.49
3 20.28 19.73 18.77 3 19.73 22.87
Tancifolin 4 21.03 19.81 18.88 Taxifolin 4 19.81 23.09
5 21.08 19.96 19.01 5 19.96 22.95
Analytes mean (mg/g) 21.13 19.69 19.06 Analytes mean (mg/g) 21.28
SD 0.65 0.30 0.25 SD 1.70
RSD(%) 3.07 1.52 1.31 RSD(%) 7.98
Table 7. Results of application of health functional foods in circulation about analytical method
Sample Form Compound Standard Result
Catechin Verification Verification
Caffeic acid Verification Verification
1 Tablet .. . . . .
Ferulic acid Verification Verification
Taxifolin Verification Verification
Catechin Verification Verification
) Tablet Caffe.ic ac.id Ver%ﬁcat?on Ver%ﬁcat%on
Ferulic acid Verification Verification
Taxifolin Verification Verification
Catechin Verification Verification
3 Capsule Caffeic acid Verification Verification
Ferulic acid Verification Verification

Taxifolin Verification Verification
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