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Abstract Condensed tannin affecting astringency in grapes maturated and growing were determined
qualitatively and quantitatively using reversed-phase high performance liquid chromatography
(HPLC). 7 monomeric and 2 dimeric tannin procyanidin B; and B, standards were respectively
separated in retention time 42 min. Samples divided in berry, flesh and skin were extracted with
each other way to compare qualitative and quantitative grape tannin contents. Grape berry and flesh
after crushing softly likewise chewing grape were mixed with 70% acetone buffer shortly and
filtered, skin stirring extracted for 2 hours. Tannin purified from anthocyanin and other organic
compounds such as carbohydrates or organic acids with open column elution for HPLC injection.
In all grape samples matured and growing were found completely catechin and dimeric procyanidin
B;. Condensed tannin in grape skin were detected in higher concentration than in grape berry and
flesh. Just like stirring extraction, only blending and scrambling with organic solvent could be detect
tannin in obvious concentration. Because separation of the monomeric tannin from the polymeric
in grape skin increases after extractions time, the detection of tannin will be larger. Therefore, the
grape berry extraction after shortly scrambling could be used effectively for the determination of
grape tannin contents affecting astringency.
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1. M

Z237 959 €59 #d(tannin) 71254 ©d(hydrolysable tannin)¥} &3EHd (condensed
tannin F= polymeric tannin) 2.8 TLEEH =3} gl LA
epicatechin “12] 1! epicatechingallateS X35}0] flavan-3-ol FEZ HF 8F0] A5, A4S &
Z(homo polymers) 2-2 0]Z(hetero polymers) A3 ©o]F11 T Sarneckis 5, 2006; Schofield
5, 2001). & F3A9) F7|E S8 = (degree of polymerization, DP)Z L}E}LH—Eﬂ monomer=
DP 1, oligomer= DP 2-10, polymer= DP 10 o}4}© & o]&o]& 9]tk Liwei 5, 2001). BFd-& o]g
o 1EA} Z9H4|9] sket 12 EX o7 Q| AHESH 07 RS St W A AA 5
S 7152 LERRARE, At 7 8 ARAEOl AL Bou Aohe Qursha ehueh 4 wskE

FA| (monomer)+= catechin,

oo]

goyle & Z2o) JFS v|A7|% 3K Gacon 5, 1996; Haslam, 1974; Haslam, 1980; Kallithrata
5, 1997; Santos-Buelga®} Scalbert, 2000). A4 Y Y &2 Koo et 1124 F-Folut
EXo] tfL t}2t} A& Eo] A9 dolut IEofE flavan-3-ol monomer FE|Z 5t I}
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Analysis of grape berry condensed tannin affecting astringency using HPLC

Q9] Aoy FAo| & oligomertt polymer FEf2] F3A 7t
o] ZA gt} (Czochanska 5, 1980; Foo2} Porter, 1980). X
T 719} FAol= F& catechin} epicatechin®. 2 ZA3HH
A7 2 H|SS AR, 1 9] epicatechin gallate@}:
epigallocatechin gallate 5°] YF ZAE o] JA7|= oIt}
(Prieur 5, 1994). o|2|3F & FoAl= A& T A3 Al
Hoke sy, 53] gjol A2 4| BYHL 49 Bz
olg] 9}olo] Wountyl g 9l Mo g = HoZ YEA
Qo ZTE 9] B2ukl flavan-3-olof A= OH7} 27Uy E
FAEAA =AA]7] dze] -OH 42
270] T2 gl Beiol Zow, Yo B Fg
7t 255 W22 AotA AT 44 Qlk(Amold
2} Noble, 1978). = BA1E Z& 4H7} F7lstHA 730
of Tk M3 TRt % mEo] tiet 4% AB )
ol 2A1o] ek webd % ALolN BT et
+ o SEA 0l et E5E T £42 S 2k A A
ol Fe3te Ao| FRaj T I BUL TUE 2%
o} Az T ol gote] RHS WEo| BelT ¥
el 5 vl RS e olFo] ek Bac 5, 1994;
Boukharta 5, 1988; Oh2} Hoff, 1979; Sun &, 1998). T+= 3t
HogE FHA AHAHE wAste Wio] EAI5HA] ¢7] W&
o] SYAE F&3 T phloroglucinolo]t}t benzyl mercaptan
(toluene thiol)S ©]-&ste] 4t H{E stal of7|4 =g
flavan-3-0l-& HPLCY LC-MSZ AT EAs5l= "lHo] gz
#QAth(Kants®?} Singleton, 1990; Mulkay 5, 1981; Rigaud 5,
1993; Wilson, 1981). 2% FH2uty} #st ety B4 3
o 5 gdS R shetl, Bd 352 sk
oz 79g Az T il oLE B THER
2 WA FEHE RS AR, T oleia 28
ﬂllﬂ e Sdedo] §E57I7HA 71 Alzte] RS Uﬂ
F39 B)] FEsiA ol Qo) BE Az
2 2 4TS 48T 4 22 +24 W) LT
ok B 2% A3 A bARE B9 7 UlollA %
e Ao 2 sty wiizol 71 Az 17184 A=
ojA= ¥ 1 AAE H2utE HARE 74 HollA
L7l Bl A e Ak gk 2 Tl
£ E5E 3 29¥ e 99 Aol BAE ok
A 24 Refk, gl 1 G i ve] 344
2 A DAL 239 ol A Sisto]
T s 7]E SuiEE W i*ﬂOh— iEJJr%JJrHL
+2 81 FE0] ofd £
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2. Mg 2 giH

2.1. M2 % A%

2 AFoME s 2 A 47 e Ale 5 oY
o Alm 50 A8 5H 0= 7)o £t At HYE
T(gRE HE S AT AAAE X 7 15 19
Black sapphire(BS)2} A< &g 114 £of Q= T2 A 7
ARE A 2k 7oA Al F9 rosetta 5 S I H
g I 2476, 8, 105 AT 228 FAHEE =4 21 57}

oAl 55 ATe EUT BHL B & 859 T @
FH FEEE F FEo] E7l5SH gallocatechin gallate
(GCG)E A3t catechin(C), epicatechin(EC), gallocatechin
(GC), epigallocatechin(EGC), epigallocatechin gallate(EGCG),
epicatechin gallate(ECG) & catechin gallate(CG)= %% Sigma
Aldrich(St. Louis, MO, USA)OllA] FLufstict. ghd T=kA] &=
BA7 AZH dimerd: ZEojA FE HAEHE
B3} B,= PhytoLab(GmbH Co., KG, Vestenbergs-greuth,
Germany) A|&-2 AMESIAL HPLC 243 A& &0 A
o &, e, oMEYEY 2 opA|E(HPLC grade) 52 &
= Sigma Aldrich(St. Louis, MO, USA)Ol|A] ulja}ict. %
Ala 5 Bdy GFEAlORd E2|9F FAIE fI5te] HW-40F
(Toyo Pearl, TOSOH Bioscience Japan) #|%-& AME-5}%tt.
Alg A AE 34 5 ZE 24+ ONIONS/VEGETABLES
CHOPPER(Rui’an Zhuodu Trading Co., Ltd, China)& A&}
Attt AR =2 95lo] EYELA #Y%-Z7](Condenser N
1000, Water Bath SB 1000, Circulator CCA 110, TOKYO
RIKAKI- KAI Co., Ltd, Japan)E AR5}t

procyanidin

2.2. EtH EFZE stock solution HZE

HPLC #A40]] ARg3E gl #EEE-L SFA 753 dimer
procyanidin B; @ B,0|H, 2% 100 ppm= 7|02 AFo
T ooEret Qb 9k QAQIAMH,0, 1/1,000, vA)E
40/60(v/v) H]&E 29135F &rfjo] &3 & Y Hit & ARESt
Aot AFEAS 3t calibrationo] AFESE EFA|F ==
11100 ppm 214 ST FER SAstel ALBSISAT

23 Al Xx2 2 ==
e o f Bl $&2 3h Al 9F 2-3 g F5h9] 30
mL O]'}\HE/E =3 81(70/30, viv)E 91 T A7F W 25
T ZE Folo] A=y AAEH712 S IHY +=
‘%‘d). Ty FEH g 7 HolA AR Bt T
sl Bl o] 42 = 7] Alg9] v g §jste] By, 1
7t AAE T 3-570(10-20 )5 FAT AAT & AP
I 93 IdE 7S ARESt] 7 UiollA 5-103] A2
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o AR Aol HEE 103] o) TAA Bsiacka
B4, 245 B AR 2 oF 30 mL oPAEE £
2 Y3 103 3% $50] 4olE F e Folo] Azx

o
1 55718 olgstel 55 st

2.4. EHHel A

5E Alae oES 95 8A(Te=/H0/TFA, 11/9/ 0.001,
viviv) 2 mLoj| g3l & thgd} o] AA5HITE. HW-40F 2]
A ok 2 mLE QEAH(0.5x10 cm)o] X3 T A AYA
Y fIoto] ogte 45 89 1 mLE §EAIA A& 1 mL
£ 7R & Ui &Hs] §EA7]12L K0 1 mLE 7}sto] &
o {714 5 5848 EEE AASIY AEAOMd RS
Asto] ok A% 89 1 mLY 23] EAFT HololE
g 28g Zst] ffet] oMlE 45 §H(CHIEH:O,

1 mLA 33] 7ksto] £23 & opA|E &3 &
o &afle gd B AYsE7|E AR T oehe/4r 45
& dlo] &dfsto] HPLC £Afof ARE-SH3IT.

2.5, HPLC 24 xZ1

AlF o] AR&3F HPLC: G7111A 1260 Dual Pump, G7129A
1260 Vialsampler 18] G7115A 1260 DAD WR Detector7} 7§
H 5 AT Agilent 1260 Infinity 1(Agilent Technologie,
Inc., CA, USA) Rglojd, et E&Z 95lo] 4.6x250 mm
ZORBAX SB-Cis(Agilent Technologie, Inc., CA, USA) ZH
< A8ttt wlehE/lAl 95 &0 &aE ARE 4
10 mLA HPLCO] injection 5}31.0 ™, B Tk Eajof AL
3t 0|54 &l kS Eoll &30(0.1%, viv)stel =/3-8u
(A)E AZ3tL, vSA4 GHlB)E MEE oEHE L] &5
(0.1%, v/v)5te] gradient= ARESHYILE. 0|54 &1 o5 &k
L | mL/mino]® AYLE 35°CS} UV 275 nmoJA] & &%
A7t 4280] AA 245190t} A7te] W2 gradient= 0-5+2°]
A olzA /4 A9} BO| H[EZ 90/10, 5-1080)4 87/13,
10-1550| 4 86/14, 15-20804 78/22, 20-2550]|A 78/22,
25-2659]4 0/100, 26-365-°14] 0/100, 36-37E0]A 90/10 1
211 37-42800|4 90/102.& Fsto] EA5Hgict

2.6. 4 &4

Aite Bty BEHAKSD)E REEHGOH, BE EA4S
GraphPad Prism 7(GraphPad Software 9.4.1 version for
Windows, San Diego, CA, USA)E AR&5to] 94519t} &
0] bemry. skin 12131 fleshol 4 o}E A1) o) Aok
AR (one-way ANOVA)E AA|5IFTE A A2 Duncan
9] T A4 (Duncan’s multiple range test)2 A5} 1L
A 7982 p<0.05 S HS3HAT FL oM 9

https://www.ekosfop.or.kr

A ZAZE AR B8 AHT), T e 58 FS Ul F
9 1ol BAROE 4T Aot YSS rjack T 2
(berry vs skin)¥F H| 23t FL-0= Wilcoxon 349 A%

(n=3)% Bl

3.1. BE=8% HPLC ZZ0M=72 2 calibration

HPLCE 2% A|59] ghd AHREAS floto] oA 7%
I} dimer 259 FFgHo 7 77 1, 5, 10, 30, 100 ppm 5
SAAZ FEot] EASHITH(Table 1). #FEY 30 ppmo
et A=nETHS Fig. 1] Yeliict. gl e o] 4
catechina} epicatechin®|] H|3] gallo- #+&9] gallocatechin}
epigallocatechin®] A -82&%|Qlt}t. Catechin®] 739 epicatechin
o H|g] Y% &&%| % 0H, epicatechind} catechin 22} 3t &
A Agkst dimer procyanidin B; GA| catechin} epicatechin
of A &= Itk 12y gallo- 20| HFA|E gallic
acid”} epicatechin} catechino] 235 epicatechin gallate®}
catechin gallate’= 2= TEgA|et H|wsto] 71 =4 &5
At wEbA & AYoA = gallo- #3271 £4 &5, Y
St gallo- 3t} Sl e gallic acid”} 285 -gallate -39
SRl B 2 SEEL AL ¢ 5 Aot

3.2 2 L ElH FE24Y

BE A28 37, 3% 127 Bz ele] 9y e
2435198 ) ZE A]F0jA] dimer procyanidin B, ¥} catechin
o] AZHUKFig. 2). YF AlEolA= B epicatechino]
B 7Fs W9 olstollA = lon & A Axole ¥g
SHA] gokct. 3 A& 9lo]A] dimer procyanidin B, 9] 7-$-
HA T4 0.73 pmol/gO.2 BSSF HA ET(0.11/0.18
mol/g)°ll BIs] 7P A Yebdth. T AlmoflA = THeoA
@} npRE7R| &2 procyanidin By A L (2,71 umol/g)o Al
7V A UER . Catechin®] 7%~ procyanidin B2} W7}
A2 el By RFojM M XLt 7MY 2 SEE H
om, JA| PEct dujofA FASHA =A YrErtth 2
I I8 ARE B4 T SuiE AojFE Jxo FENeR
procyanidin B, ¥} catechin0] AEE Y, IS Et} TFHo|A
A Yehgtetl, ol e Hls) 2ol ] gR7F 23HE
Aol 711et Ao ® M A= F /9] gdo] xx H2
ol JFE F= AL & 5 AU F ARE wE FE2351 1y
9] AL 5L} procyanidin B;Z} catechinto] A&E 0
U s=oAM & AolE HAtk(Table 2). ol ¥4 52| 4
5 3k 2R vlof o Wol A8 % & Al7te] WE A3t
ojH(Keren 5, 2014; Spigno &, 2007) X ¥}y | i
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Analysis of grape berry condensed tannin affecting astringency using HPLC

Table 1. Calibration data of monomeric and dimeric tannin standards

Standards g/mol” RT? (min) » R

Gallocatechin (GC) 306.27 4.98 3.9937xV-2.4627 0.9991
Procyanidin B; (By) 578.52 7.28 4.9389x-2.6796 0.9991
Epigallocatechin (EGC) 306.27 7.84 1.6090x+0.2980 0.9992
Catechin (C) 290.27 10.40 5.3023x-3.3328 0.9992
Procyanidin B, (B.) 578.52 12.97 1.5590x+0.4530 0.9992
Epicatechin (EC) 290.27 14.94 3.1386x-2.270 0.9991
Epigallocatechin gallate (EGCG) 458.37 15.80 64.3020x-1.8139 0.9994
Epicatechin gallate (ECG) 442.37 26.80 2.3376x-1.720 0.9992
Catechin gallate (CG) 44237 27.63 1.8433x-1.5696 0.9991

YMolecular weight of standards.
JRetention time.

JArear of peak.

YRegression line.

SConcentration of tannin standard.

204

254

204

[C) 6) Y] @ ||| @

U]

L s S e e L s B s B s Sy B N s S s Sy S
5 10 15 20 25 20 35 40 rin

Fig. 1. HPLC chromatogram of monomeric and dimeric tannin standards solution in 30 ppm (at 275 nm UV/DAD). peak identification:
(1), gallocatechin (GC); (2), procyanidin B; (B;); (3), epigallocatechin (EGC); (4), catechin (C); (5), procyanidin B, (B); (6), epicatechin
(EC); (7), epigallocatechin gallate (EGCQ); (8), epicatechin gallate (ECG); (9), catechin gallate (CG).

F&2 dAVE A49 SEA FHE S (Sarneckis 5, 2006; A

Schofield -5, 2001)5}7] Wzof] W/ & FFoA &2 9] B AgHa(Keren 5, 2014; Spigno 5, 2007)0]7] W&
Hol vlsf SLAZTE TdFA Q] 7t oS XPH o= % B?dE A5k 2A fid 24 foto] FUH¥oR
ol Wb B R A oA SRl GUE R S 88 A Helsh DS R Kanst Singleton,
gy2 3k HA\HU]-O?-._ H&o] 753 o A7) AX 1} 1990; Mulkay <, 1981; Rigaud 5, 1993; Wilson, 1981)3}jok
¥ F2olAM d Aol Ws Q5] PARE HF Al B Sk vl A B4R 3] QFETh whEbA E® H29] o
g2 Este AR &8ob]d] 5 2iagt Wolgt & & FE T By B4 B AAE o] Aste] £t

O E wit REvho g v | gl SRR E A
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B1"

(B)

B1 (1)=(2)=(3)

Fig. 2. HPLC chromatogram of grape samples imported from Chile. (A), green grape; (B), red grape; (C), black sapphire; (1), skin;

2), flesh; (3), berry; procyanidin B;; Pcatechin.
Iry; “procy

Table 2. Concentration of procyanidin B; and catechin in grape samples imported from Chile (umol/g)

Green grape Red grape Black sapphire

Benry" Skin” Flesh" Berry Skin Flesh Berry Skin Flesh
Procyanidin B,  0.73£0.05*" 2.7120.43*  0.13+0.03° 0.18+0.06°  1.28+0.09"  0.10+0.02° 0.11£0.03°  1.68+0.27*  0.19+0.04°
Catechin 0.82+0.15°  2.96+0.39"  0.14£0.06° 0.5240.16°  1.96+0.30*  0.17+0.08° 0.08+0.04°  0.89+0.12°  0.22+0.08"
C/B,” 1124026 1.13+0.32°  1.02+0.26° 2854029 1.53+0.18°  1.89+0.99 0.7240.14°  0.53+0.03°  1.14+0.24"

PNot extracted, only washed.
PExtracted shaking for 2 hours.
DAll values are means+SD (n=3).

“Each compound (procyanidin By, catechin and C/B, ratio) among berry, skin and flesh, Different superscript letters (“°) within the same row indicate
significant differences among parts within each grape cultivar by Duncan’s multiple range test (p<0.05).

JRatio of catechin and B, concentration.

7ol | aatdolet & 4 ek

rr

3.3 HEE B9 EtH FEHEA
=AM A 7tlA AuEE 2= roserta FE T
5-105 A4St 2% T s o od 55 v

https://www.ekosfop.or.kr

BAssIckFig. 3). A49A) XE BEIAE 48 nre}
SR 2 BE 3 AR S S5} shelo] W) W
AZHor], HEO Ajo] it 43 Lo ul3] e Zi}
(Table 3). T =% 220 st o F8H A3 S71elch
7} Wa7lE A S8l o|2A WA Tashs TS
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Fig. 3. HPLC chromatogram of samples during growth phase. (A), NS RT 6 w (Nonsan rosetta 6 weeks after flowering); (B), NS RT 8
w; (C), NS_RT_10 w; (1), skin; (2), berry; procyanidin By; Zcatechin.

Table 3. Concentration of procyanidin B; and catechin in grape samples during growth phase (pmol/g)

SIY RT?_5w) NS? RT 6w NS_RT 8w NS_RT_10w

Berry Skin Bemry Skin Berry Skin Bemry Skin
Procyanidin B;  0.14£0.05°°  9.99+0.74" 0.11:£0.04 0.79+0.19 0.12+0.03 3.3240.25 0.05:0.00 5.85+0.33"
Catechin 0.45+0.08 41.89+3.07" 0.22+0.05 1.49+0.21" 0.08+0.02 8.87+0.43" 0.10£0.03 13.68+1.44"
C/B,” 3.42+1.01 4.20+0.25 2.13+0.29 1.92+0.25 0.68+0.20 2.69+0.33" 2.00+0.53 2.35+0.37

USangju Korea.

YRosetta cultivar.

95 weeks after flowering.
“Nonsan Korea.

SAll values are means+SD (n=3).

Significant differences between berry and skin were determined using the Wilcoxon signed-rank test (‘p<0.05).
7Ratio of catechin and B, concentration.

HOIThNel, 2018). 18U =AY josetta ZZ9] AL 6-10 rosetta =2 o)A 0.14 pmol/g 12|37 Z}+T|ofA] 9.99 u
Z7H2 AAstHA 3+ Y procyanidin B, EE 0.05-0.12 mol/gC & HE AR F 7 &2 23 UEtt}. Catechin

mmol/gC 2 U Hi¢ W2 F=E FAIT §H, 7o SF GA| A roserta® A 41.89 umol/gC.2 7H wFoH,
A& 0.79-5.85 umol/gl. 2 WY FA Z7lslde. AFAY =AY rosetta®] 735 107 A3 A|ROA] 13.68 umol/gC. =

1172 https://doi.org/10.11002/f5p.2025.32.6.1167
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=A4H0] Sdgt F5o) vis) EA vebgth v 97 2
I F oA & 5k 2o E Hole AL AR Aojgt & 1)
Hofl 7]Q1%t Ao g Holu, Hy] & AfE Eo|H 5= &
o oS 3A Z7KE Aoz A HK(Spigno, 2007). wHekA]
25 IS YYPARE oo FEoH HY B skt A
H57] fgo] 423 Zro et v A R JATA o] 9l
EroME T edutog 2w o] Wonts mylstr]o]
Aot gk Z0=E et

[

>

3.4. Procyanidin B2} catechin &% HIZ(C/B;)

A I By S9MAE iEE(60-70%) catechinT} epicatechin
9] JA= o]Fo|A 9li(Souquet 5, 1996), procyanidin B>
epicatechin®}- catechino| Z}Z} §F Ex14] ZglE|o] Q7] w&
o YutA 0 & catechin ¥E= procyanidin B,o] H]3] =4 LU}
it} wEhA] catechind} procyanidin®] H]-8(C/B)x 1Eth
Z A7t giREelth. 2 AYoA= BSE A3 BE A&
oA C/B; B &S 1.02-2.85 #7002 YERGOoH, BS Al
A= 0.53-1.14 F71o 7 1HT 3 Yegth(Table 1, 2).
Catechini} epicatechin® EAFS FUsIL E4 g4of 2
¥ OH E4+9] A% Z&7t Aol& Hol= epimer THA &
ot WA /B Y sk HlE&S T ©d AAY 2FY
of g v|XA =Y, ole Er Fu]o] T, AFFE g
o Ade 53 Zo] Bujo] Jeshy EAS AHste 8
QIAF & Ao=R FHHL]

3.5. g EtH EEHSf S2519 ZAHE

Sy 2e G20to] #A 0 Higt 71E dFe FE I
T 3555 AR o & DPE S75te] Alm7te] A
HIILE Sk WA 08 o]Roffth ey 2 AtoA AARE
HielZdo] du) EART= B A E E4iste] ©dS £4
s o] 4] Fro) 27 A § LR B 2]
o Agst A& ¢4 0913, ESE procyanidin BT} catechin©]
Ee B F8 FAEdd A &+ Ut T2y H
ool rg /i gl SR w2 YEhY] Hside |
250l s AAQl W B7Iet AAsH] ®ESSHAL o]
of Aget &d vpAE EEcks B9 F7HAQl A7 Ea
St EgE ol2fet g w9 Welo] Hujy] ©d SR
FE L BT £ & 7 HED 5442 AR
T & 7 WEE ] Q7] dlzofl #H polymerE AHE
8 & ol DP At dAE A+ Basith

L H20l dFe Fe= T 2l BT d7E

https://www.ekosfop.or.kr

Soto] 2 o} B W o] Y= EEE POz A
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