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Optimization of Extraction Method for the Quantitative Analysis of
Gallic Acid from Cornus officinallis
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Korea Ginseng Center for Most Valuable Products & Ginseng Genetic Resource Bank, Kyung Hee University

Abstract: Cornus fructus has been used as a tonic, astringent, and haemostatic agent in Korea, China, and Japan. In this
study, the fruit of Cornus officinalis was treated with different osmotic pressures, pH values, heat, and ethanol percentages
in order to establish optimum extraction conditions for gallic acid, an example of a hydrolyzable tannin. The extract was
analyzed by HPLC and LC-MS/MS to identify the gallic acid. As a result, the highest extraction rate of gallic acid (1.57
mg/g) occurred when the Cornus fructus was extracted with 100% ethanol for 1 hr at 80°C. Also, when it was treated with
70% ethanol for 24 and 48 hr, contents of gallic acid were 1.35 and 1.50 mg/g, respectively.
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3]

Z 723 3 79t 5%7](Eyela, Tokyo, Japan)Z 553+ 3 A
HO02M AAFFF N WS E=2:3:15, v/v/v, pH 3.0)0] &34
71 %~ 02m membrane filter 3310} ©]& HPLC &4 A|5&
A8t ARS8 HPLCE NS3000 system(FUTECS, Deajeon,
Korea)©] 132, column Hypersil-ODS(200x4.6 mm id., 5um
40°C, Thermo Scientific, Waltham, MA, USA)E A}-8-3}91om,
UV 280 nm 3PFol|A] 33t} o] 5 S 2 acetonitrile:acetic
acid:methanol:water(113:5:20:862, ViVVV)YE AFE3IH oM &2
1.0 mL/min, A& FUYFS 2015 AHE-SIAT Gallic acide] &
AL FFEEQ gllic acid®] LC/MS/MS £4] Ao} v)wale] 5
A9, gallic acid EFENE £ = 0.01, 0.1, 0.35 mg/mL
2 Z47p Aste] Agde AT F AL dgeE yehl
At S UeRZ] A3k 291E mg gallic acid equivalents
(GAB)/g dry weightS |83ttt F&3 4l A8 ace-
tonitrile, acetic acid, methanol, water= HPLC grade® J.T.
BakerAH(Phillipsburg, NJ, USA) #|&#S AM&3}9 3L gallic acid,
tannic acid, ethyl acetate, sodium sulfate anhydrous % 7]E} A]<F
2 Sigma-Aldrich(St. Louis, MO, USA)JIA F}3lsith.

LC/MS/MS 24

7]12¢] HPLC/UV W< ppm oA 48 Fadsl= vt
H LC/MSMS e ppb =714 AHAES YeEREg v
o] 4% golsA HEE 4 AUtk wEkA HPLCHOAM A&
H gallic acid B2 &<1317] 918 LOMSMSE Aldste] &
2138199tk LC-MS/MS+  Agilent 1200 series HPLCS} Agilent
6410 Triplequdrupole mass spectrometer(Agilent Technologies,
Foster city, CA, USA)E Al83}91om ZHE Zorbax Eclipse
Plus C18(2.1x100 mm id., 1.8 pm, Agilent Technologies)S A&
stttk Hole A2 % 7718 ZEIYPOZAM  Agilent
masshunter workstation data acquisitiong AF&-3F4 ). LC-MS/MS
A F7A8=F o]FAS  acetonitrile:acetic  acid:methanol:
water(113:5:20:862, vAV/VV)E 02 uL/min 522 SHFAL,

Table 1. Main working parameter for tandem mass spectrometry

Parameter Value
lon polarity Negative
Fragmentor voltage 4000 V
Nebulizer pressure 45 psi
Drying gas temperature 350°C
Dry gas flow 10 L/min
Dwell time per transition 200 ms

lon transition for gallic acid, m/z 169.0—125.0

ANge FYPFE 1 uLE AHE-3Hh Curtain gas$} collision gas
T TEE NEZ ARSI LCMSMS B4 27A08% gol
< EEZOA] ESI needle voltages= 4000Ve]™ gas temperature=
350°C, gas flow= 10 L/min, nebulizer pressure= 45 psiZ 3t}
(Table 1). #A4Jo] A}8-%|:= acetonitrile, acetic acid, methanol,
wateri= HPLC grade® J.T. BakerAk(Phillipsburg, NJ, USA) A&
< AH&siTh

EAEN

A FAEL Fad TFEAARZ Jepigen, 287 7
EA84 9 FA4e Sigma-Stat 3.5(Jandel Co. San Rafeal, CA,
USA)E ©]£3}4] one-way analysis of variance(ANOVAREA]-&
AAsIRer §o4d 1AL p-value7t 0.05 olskd AE 79
g Zle R W3S

A0t IE
HPLCO| 2|8t gallic acide| &z Bi5}

e 9o Ul atsl B2 5oz 43l tannin F9] gallic
acid & & 271& AN A8 A%<t pH, G4, 53
F4 S dydte] 25 2AEE gillic acid §FE =48
At

EZEN gllic acidZ 0.01, 0.1, 0.35 mg/mL A 348t 7
FAS 73 A3 AAAFG)E 0998 $5 3§ FAAAS et
WA S Yepdl7] g G$ 2 mg gallic acid equiva-
lents(GAE)/g dry weight& ©]&-3]th.

NaCl F=5 o83 AFSE F52 Fig. 19149} 22| NaCl 1,
3, 5% A AW} NaCl F F7FFolA gallic acid $H3Fe]
oo g Z7IEIom ARAZRE 244 7R} 48A17HA gallic
acid o] Aoz Frkeih ol RSt 2ol gallic
acid &9 9T TA %= Aoz A=A, o3t 2
= AFES AE QIS F=F AR FE8vd] gk gallic acid
o] al&rt 7hAaste] et Z1o 2 AztEojXIthFig. 1).

7Hr 13l ERd2 glucose®] 47190 gallic acid’t ester 2
S St 7] wiEel, A 71 B3l Al gallic acid SOl S
7¥e o2 AlEEo] AL o83l pH 3.0, 4.0, 5.0, 6.0, 7.0
2 gE ZHzbe] g0 RS 2447 HAEN] gallic acid
S es AR A= Fig 20 yehd Blel o] pH 3.000
A pH 6022 Z<FE gallic acid $Hgo] Z71slth pH 7.00014
gallic acid $&Fo] Zashe A & 4 AATh pH 70004 =
gallic acid”} 0.33 mg/go] 3 HHo] pH 6.0 F&Ao =
048 mg/gS YERITHFig. 2).
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Fig. 1. Changes of the content of gallic acid from Cornus fructus
after soaking with different NaCl concentration (%) at 37°C for
24 and 48 hr, respectively. Data are presented as mean+SD (n=3).
*significantly different from control (p<0.05).
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Fig. 2. Changes of the content of gallic acid from Cornus fructus
after soaking with various pH at 37°C for 24 hr. Data are
presented as mean+SD (n=3).

o &5 F& &R UE 7T gallic acid FHFS 046 mg/g
olgeH, 4 100% F% & e 1.57 mg/gel At uletA
RS 80°CAlA 1IMZE Bt B &3 A9 749 Tt
ESTE gillic acid FFo] FolFoR ZF7FeIitHFg. 3). ol
oek& 2] FEAto|2 <13 gallic acid®] &di=7F th=2A Yeht
= 3og AztE|ojzitt.

TS ARE 37°COM Y TR EE 12, 24, 4847 AR
alo] FE39 A Fig. 40 YERAITE JA A 49 5
=7t S7YEE allic acid ol 7M. AHERE 74
80%Z 12A17F ZA] A] gallic acid $F&Fo] 1.25mg/g2 UERES
o, T4 70%=2 24, 4877 HAALS 79 gallic acid Te] zt
7k 135, 1.50mg/ge Hr} & FF §88 HAth T4 ¥
Z gaste]l dGA7K12, 24, 48417F) F9F A Al gallic acid
ke AR A7k FAC] TR IA HES W= AoZ A}
EHoHTh 49 w7t TS E FEF gllic acid RS
S7VIAIRE 49 F=7F 70-80% o] Foll= 23|78 gallic acid®]
F& 88| it AT JeERIUTKFig. 4). oles Hae
=rslatoll &3l= A= (Chrysanthemum boreale Makino)2| 73-9-<}
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Fig. 3. Changes in gallic acid contents of Cornus fructus extract
during heat treatment at various ethanol concentration. Data are
presented as mean+SD (n=3). *significantly different from control
(»<0.05)
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Fig. 4. Changes of the content of gallic acid from Cornus fructus
after soaking with each solvent ratio (ethanol 20, 40, 50, 60, 70,
80, and 100%) for 12, 24, and 48 hr, respectively. Data are
presented as mean+SD (n=3).
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HPLCE 3] 22)¥ gallic acidE &<l 31719180 LC/MS/MS
£ o] g3l A1tk Gallic acid®] ¥& 89S ulgro = ESI/
lon Trap MSE negative mode® 413} [M-H] @t |23} &
A& W fragment MS/MSS] 7 FJSIATE AElsk o] 3}
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Fig. 5. LC/MS/MS spectra of gallic acid obtained after injecting
extract from heat-treated Cornus fructus (A) and gallic acid
standard at 10 ppm (B). The negative electrospray product ion
spectra of the ion at m/z=125 coming from in-source fragmentation
of the ion at m/z=169.

WA 248 Aloln RT 1,084 228 AL ms 12503
169.09] F 7FA A= 4] 937} A et LOMS/MS
404 negative mode® Z8T 735 AN OR YA Ak (proton)
7t u7E whl FEle] molecular iono] EF =l o} 719014
m/z 169.02 gallic acid(exact mass: 170.02)014] A¥UA} 6}47}
W7 FedS & o™ mi 16905t intensity’} =& m/z
125.02 exact mass7} 170.0221 gallic acidol|x] 7I=2E-4 E7](-COOH,
mass: 457} WXl FEllS & ATHR0).
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IN7F B9t B FE3 A -,—Xg,] FE7F 285= gallic acid
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