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An Improved Method for Determination of Catechin and
Its Derivatives in Extract and Oil of Grape Seeds

Sung-Ok Moon, Jun-Young Lee, Eun-Jung Kim' and Sang-Won Choi*

Department of Food Science and Nutrition, Catholic University of Daegu
'Division of Drug Standardization, Korea Food and Drug Administration

An improved method in place of a conventional vanillin spectroscopic method (CVSM) was developed for
determination of catechin and its derivatives in extract and oil of grape seeds. For the CVSM, grape seed extracts
had relatively high catechin content in the range of 17~43% (g/100 g of extract), while grape seed oils had relatively
smaller catechin content in the range of 30~40 mg% (mg/100g of oil). For the improved vanillin spectroscopic
method (IVSM) using a polyamide cartridge, catechin content of grape seed extracts was in the range of 4.0~7.5%,
while that of grape seed oils was below 5 ppm. Meanwhile, the quantities of catechin and its derivatives were
determined by HPLC in the grape seed extracts and oils. Four major catechins [(+)-catechin, procyanidin B2, (-)-
epicatechin, and epicatechin gallate] were detected from grape seed extracts, and the ranges of concentrations were
as follows: (+)-catechin, 1.35~2.60%; procyanidin B,, 0.77~1.36%; (-)-epicatechin, 2.35~4.59%; (-)-epicatechin gallate,
0.06~0.30%. In contrast, four catechins were barely detectable in the grape seed oils. The reproducibility of four
major catechins in grape seed extracts, given as coefficient of variation, was below 5%, and the recovery close to
above 95%. The achieved detection level of four catechins was 1~5 ppm. Additionally, the contents of catechin
compositions in grape seed extract were also determined by HPLC in relation to different cultivars and producing
areas. Thus, HPLC method and IVSM using polyamide cartridge can be used as alternative to CVSM for
determination of catechin and its derivatives in extract and oil of grape seeds.

Key words: catechins determination, grape seed extract and oil, vanillin spectroscopic method, HPLC
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Fig. 1. Calibration curve of (+)-catechin by vanillin
spectroscopic method.
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Table 1. HPLC conditions for determination of catechin
contents in grape seed oils and extracts

Ttem Operation condition

HPLC Gilson 506B HPLC system equipped with 170
UV-vis detector and 231XL autosampler

Column YMC-Pack Pro C18 (5 um, 4.6 LD. X 250 mm,
YMC Inc., USA)
Linear gradient elution from solvent A (4.5%

Mobile phase formic acid in H,0) to solvent B (90% CH,CN
containing 10% solvent A) for 50 min

Detection UVmm

Flow rate 1.0 mL/min

Sensitivity 0.01 AUFS

Injection volumn 10 uL

Temperature 30°C

TSN S0mL)2E FHE catechinFE &A1 e F

Zale) 10mLE AEF 2L AT WAy Agsao

2 ARg-Ete] 9o Wl et catechin FFE A 3HATH

HPLCO| 2J8t ZEMF % FEEQ catechinF HEEHY

HPLCA) 93 TeXF 2 E5X9 E de-g, Hes
Y o EESEY] catechin® % FEAL Ricardo da Silva®]
S Wygsle] tga} o] AAEsTh

(1) A B8NS ZA|: TEHF 0.2 MeOH 10mLE 7}
g & ultrasonic cleanerolM 1417t &< & & AA4EF
(3,000 rpm, 1A]7H3ke] L& A3H-E rotary evaporator® &
23 oS ] FE2ES MeOHE &8sl 4& 1mlE
0.45 um membrane filter®] E£3A]121 & HPLC #4]9 o] &
39t o, 7KK ZEAFEE 0228 80% TEAWE
22 &81171 ¥ 100mLE A-E3Itt o] 5 2.0mLol] &
4 6.0mLE 718l w|E] 20% FEAUEEEdeoz 3
A3 A FL polyamide cartridgeo] FFA1Z] & 7+ &4
0mL)e.2 FAFTH T 80% &4 H e84 (50 mL)
o2 FAY catechinF-2 §2A17 o &3 § 7]
YR ESEZ 22X catechol(catechol 0.2 mg& MeOH 1 mLo
o] o) | mL9} MeOH I1mL EHE risld &3 &
045 um membrane filter2 <3}35}e] Table 19 =7 A
HPLCE 433t}

Q) EFHFE B4 717 EEEA, (+)-catechin, procy-
anidin B, (-)-epicatechin, 3 (-)-epicatechin gallate 2}
10 mge MeOH 10 mLo) 8841 stock solution®Z 31412
o, WEEFEEELE catecholS ARE3IATHFE. 2). F EF
£ AT FlL MeOHE 7151 0.005, 0.01, 0.02, 0.05,
0.1 mg/mL7}t EA 233 & HPLCE 38k HAFAFig 3)
& AAEgTh 281 35 AP Y8 2= WEs F
ZE 0222 80% &AW EEE £33 ¥ 100mLE B
3k o] A 10mLAS 37 3l MeOH 0.2 mL, MeOH
0.1 mL¢} 57K EE=E2 (0.2 mg/10 mL MeOH) &< 0.1 mL
o] d 2837 EFFEZ(0.2mg/10 mL MeOH) £ 0.2 mL
£ 7z} 748k polyamide cartridgell loading® ¥ 919} 2+
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Fig. 2. HPLC chromatogram of methanol extract from
Campbell early grape seed and catechin standards.
A, methanol ext.; B, catechin standards.
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Table 2. Yield of grape seed extracts prepared with four

different solvents®

Extract Yield (%)
Boiling water 8.8+0.73
Ethanol 79+0.54
Methanol 8.6+0.51
Acetone 971091

Prooyanidin B2 areasCatechotarea
=3
o

DAll data are means of triplicate analyses.
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Fig. 3. Calibration curve of four catechin derivatives by HPLC method.
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Fig. 4. HPLC chromatogram of catechin derivatives in hot water, ethanol, methanol and 75% acetone extracts (80% aqueous

methanol eluate from the polyamide cartridge) from Campbell early grape seed.

A, hot water ext.; B, ethanol ext.; C, methanol ext.; D, 75% acetone ext.
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Fig. 5. HPLC chromatogram of catechin derivatives in hot water, ethanol, methanol and 75% acetone extract from Campbell early
grape seeds.
A, hot water ext.; B, ethanol ext.; C, methanol ext.; D, 75% acetone ext.
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Table 3. Recovery rate and detection threshold of four catechin derivatives (80% aqueous methanol eluate from the polyamide
cartridge) in methanol extract from Campbell grape seed by HPLC"

Catechins Before addition Added amount After addition Recovery Detection threshold
(mg/100 ) (mg/100 &) (mg/100 g) (%) (mg/L)
(+)-Catechin 210 495 687 97.5 1~5
Procyanidin B2 110 250 346 96.0 1~5
(-)-Epicatechin 321 583 918 101.5 1~5
(-)-Epicatechin gallate 26 567 568 95.7 1-3

DAll data are means of triplicate analyses.
Standard deviations are omitted for simplicity.

Table 4. Reproducibility of four catechins quantification in methanol extract from Campbell grape seeds by HPLC"

Catechins RetentiQn time Average area Corresponding amount Standard deviation Variation coefficient
(min) (g/100 g) (%)
(+)-Catechin 20.50+0.001 1997002 £ 11956 1.899 0.0113 1.2
(-)-Epicatechin 24.531£0.014 3437743 £19502 3312 0.0188 1.1
(-)-Epicatechin gallate 29.65+0.001 583662 £4433 0.227 0.0017 15
Procyanidin B, 21.98+0.007 1059211 + 68116 1.189 0.0243 4.1

YAll data are means of triplicate analyses.

Table 5. Comparison of catechin contents in three different grape seed oils available in Korean market by conventional vanillin- and
improved vanillin-spectroscopic, as well as HPLC methods”

Catechin content (mg/kg oil)

Products

Com ot
Korea 32356+ 5520 T T
Spain 356.78+ 70.45 Tr Tr
Traly 391.67+117.86 Tr Tr
DAll data are means of triplicate analyses.
»Catechin content was determined by vanillin spectrophotometric method using polyamide cartridge.
% (+)-Catechin+procyanidin B,+(-)-epicatechin+(-)-epicatechin gallate.
“Trace (<5 mg/kg).
£ ups} o]l L&A e] 47FA] FE catechin ¥ 3FE catechin TS 300~400 mg/kg HMAEM EEMF TRl w
< BT 95%°) R Fwation, A& 1~5melkg g W2 Zfo|7t gllom, dA] AFFAdelA FAE 2
Az 224 71 Uit 283 b e A 2 (30.0 mghkg oVl Agsiint. 2L vpE v
variation coefficient= 5% W&2A wl$- 4353 APS-S U Mo 7 TG0 catechin FFHE SAET vl E-HF
ERHSATH(Table 4). o]9}7+o] polyamide cartridgets 42| 9] catechin® FZ31= £vERS 7158 BEE7]19E A
catechin -5 HPLCE A %A% v HPLC chromatogram gate AR 2 AF5e g% {59 M2} catechin
9] base line g3l W= 24L& AAs= o FEY o] tha 2 zolE UridT o, EAF HEE
¥ ool XxAFEEY] FH dHuiRes 49x v FZES polyamide cartridged] F34A171 T v v O
9] polymeric proanthocyanidin 342 Aol a4 2 catechin S =4 ¢l8t M vpddu| Ao Agh
olty. mgbA whddmAPg o HPLC Wiol o3 2= g A} vidvH A 2 3%R9 A=A BF catechin
FZ5&2 caechin &S AFEA M= 2FE2ES ghgo] v S ppm ©lshew vebstth. $, HPLCO] 2§t
polyamide cartridge®l] £3A171% Zlo] Fashy, ol TXE FEMF9 catechinFE FHEAT 49 VA TEHAF B
2 9}919] catechins & FHEAA] polyamide columng AR5 T X5 F8 47FA] catechin AAE-S A9 ERIE = ¢
Ricardo da Silva®] ZA3208} §-A}3lA T} At} o)9kzto] polyamide cartridge® AMESH 7H % v
A 9 HPLC BHe2E ZEA R caechin o] 719
HPERIIA, O Ml R HPLC Ol OBt tlem 243 ) ua) wpEdulaels 49 we
ZTMRC catechin & &H F9] catechin ¥l FHE AL I=AFY HEEFEE
A Alge] R8T e Z=MG catechin TS vf of ZEAQ FH catechinF2A vPdd o] =LA Ho

dvAay | s sld @AY @ HPLC WPHo R =4 8= mlEke] v|Ekel polymeric procyanidin “33-°] polyamide
A= Table 59 72tk HAHo g 24E TEXF & cartridge] E2H17] wWEoz AZEG?Y wed Ix
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Table 6. Comparison of catechin contents in boiling water, ethanol, methanol and acetone extract powders from Campbell early
grape seeds by conventional vanillin- and improved vanillin-spectroscopic as well as HPL.C methods”

Catechin contents (g/100 g extract powder)

Extract Conventional vanillin Improved vanillin 3)
spectroscopic method spectroscopic method? HPLC method
Boiling water 1693 +1.77 6.17+0.82 5.90£0.013
Ethanol 24261247 5.12+0.12 4.60£0.039
Methanol 32.09%1.53 7.88+0.31 6.91 £0.009
Acetone 42761483 8981042 8.85+0.015

DAIl data are means of triplicate analyses.

¥Catechin content was determined by vanillin spectrophotometric method using polyamide cartridge.

¥(+)-Catechin+procyanidin B,+(-)-epicatechin+(-)-epicatechin gallate,

Table 7. Comparison of four catechins contents in boiling water, ethanol, methanol and acetone extract powders from Campbell

early grape seeds by HPLC analysis”

Contents (g/100 g dry powder)

Extract
(+)-Catechin Procyanidin B, (-)-Epicatechin (-)-Epicatechin gallate
Boiling water 1.72+0.017 1.10£0.002 3.021+0.012 0.06+0.004
Ethanol 1.35+0.055 0.77£0.011 2.35£0.081 0.13+0.008
Methanol 1.96 £0.014 1.19£0.005 3.53£0.031 0.23+0.001
Acetone 2.60+0.021 1.36 =0.006 4.59+0.033 0.301+0.002

DAIl data are means of triplicate analyses.
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Table 8. Contents of four catechin derivatives in methanolic extracts from seeds of four different grape cultivars by HPLC analysis"

Contents (g/100 g dry base)

Cultivar
(+)-Catechin Procyanidin B, (-)-Epicatechin (-)-Epicatechin gallate
Campbell 0.211x0.0205 0.111 £0.0081 0.322£0.0134 0.026 +0.0057
Gerbong 0.928+0.0184 0.201 +£0.0020 0.645+0.0163 0.046 £0.0035
Sheridan 0.313+£0.0028 0.130 +0.0035 0.305 £0.0028 0.012£0.0014
MBA 0.120£0.0064 0.039£0.0014 0.171 £0.0078 0.024+0.0011

DAIl data are means of triplicate analyses.

Table 9. Contents of catechin derivatives in methanolic extracts from seeds of Campbell early grape harvested in different areas in

Korea"
An Contents (g/100 g day base)
ea
(+)-Catechin Procyanidin B, (-)-Epicatechin (-)-Epicatechin gallate
Youngdong 0.229 £0.0085 0.140+0.0010 0.387£0.0021 0.032£0.0011
Gimcheon 0.197 +0.0084 0.101 +£0.0073 0.366+0.0023 0.028 £0.0057
Gyeongsan 0.211£0.0205 0.110£0.001 0.322+0.0134 0.026 £0.0057
Sangju 0.222 £0.0071 0.140£0.001 0.396 £0.0028 0.029 +£0.0064

YAll data are means of triplicate analyses.
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