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Development of a Purification Method to Obtain High-purity Pentacyclic
Triterpenoids from Fruit Processing Residues.

Keiji Yabukawa and Ryouichi Izuchi

Pentacyclic triterpenoids present in peels that are discharged in large quantities during fruit processing, exhibit many
potentially exploitable physiological activities. Because the structure of each triterpenoid is similar, it is difficult to isolate
and purify individual molecules. We thus developed a simple method for the isolation and purification of pentacyclic
triterpenoids. Liquid chromatography (LC) with a C30 column was used to determine an optimal mobile phase. In primary
purification, water, methanol, and acetonitrile were assessed as mobile phases for the simultaneous purification of multiple
components. In secondary purification, water and acetonitrile were used as mobile phases to achieve higher purity of the
primary purified product. Pentacyclic triterpenoids were purified from dried apple processing residues using an established
method, and euscaphic, annurcoic, and pomolic acids were simultaneously purified in the primary purification. Secondary
purification of an annurcoic acid fraction yielded a highly purified product with a purity of 95.7% (HPLC). Purification was
repeated and 10.15 mg of annurcoic acid was obtained from 85.79 g of dried apple processing residue. This established
method can easily yield multiple pure pentacyclic triterpenoids using preparative LC. This method is thus expected to

simplify sample preparation and contribute to the effective utilization of processing residues as source materials.
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1. #E

REMIORE, REZECMLREPKBICHRET .
BlZIX, BRTEBRLREDO—DTHAHMIEFTA 7 )L—
Vi EIIMIENL), EREEOK 15% PREE %5
B, BREAT =Y RX—R), MiICRST . 4
BREOMIIREDOFRAEIL., BEANOAMHZ ENHEE S
NTWa, /T REFOREICIEHHEENENIEE
IZEENT WA (Sagar et al. 2018). X IIEOMET,
MREO7 X b U MERIcHERE MY TILR) A R E
FNh5ZE%RL7% (Izuchi & Katsuki 2021). HEE
MUTIRI A RiE IO RREIT. 6 DDA VT
LY THBREN., SODOBRBEZL DT IRV ETH S,
NS5O TIE. FEFREERCHAESEM (Liu
1995). HAEER%ER (Ghaffari-Moghaddam et al.
2012). OMr#E/ER (Nagoor Meeran et al. 2018) 7 &
DOk % L EEEEZRT 720, EEZNIOGEE SN TV S,

ABREN) TR A FoEmPRRESA DI, EY
POMB L DOEBRMLTEESNTVRS. L2L, B
BENY TR A R, BEPIEEIHELLTED, &
HOEDPEPTHEHIEDN S, B—DRTETHERT 2
ZENPEELWV, DLEXD, RENTRED S ORMELIR

HRY TR A FEEEORFIZ. BEOEMHAEA
FRELZRDOMIGICE > TERETH 5,

AHZETIE. BFELZ TETOBMERRE N 7L
A FORBBFEDORFEEZITo> 12 ABREFNITFLR) A RO
AHICIEEAE T 5 L2 W HPLC A — RN TH 5
ERs, BEICHWHERN I LEZRHWEJuv v TS
T4 —FERERATAIEE L, U N T T 0 —HE
BUC KB OBEEICIE, WY RBHE N T LHEDEE
NEETHD (RE 2004), Hxix. ABEENY TR
JARIECI0O T LEZRVLADTEE LT WITEEHE: 2
& U7z (Izuchi & Katsuki 2021). A Tld. S
EEMETHHMERNTZ I BEEERE L, £/2. %
BZARENYTAR) A RPEERTWASY > T (Nile
et al. 2019. Sut et al. 2018) OMIFEEZH VT, &
TE L7 EBORIE 21T - 72

2. 13i%

2-1. AR MU FILR/ A RiE&E

Euscaphic acid (i 93.4%) & MedChemExpress
» 5 A U 7z, Maslinic acid (97.8%) & Cayman
Chemical »» 5 B A U 7z, Corosolic acid (95.9%).
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ursolic acid (95.3%) & FujifilmWako 2 5 A L 7z,
Erythrodiol (98.4%) & ChromaDex 7> 5 & A U 7z
Hederagenin (& Extrasynthese 7 58 A L7z, Betulinic
acid (98.7%) WXHF(LER TED» S5A L7z, Oleanolic
acid (97.9%) & MP Biomedicals »* & & A LU 7z
Echinocystic acid & uvaol (95.5%) & Sigma-Aldrich
» 5 B A U7z, Tormentic acid (96.0%) % Toronto
Research Chemicals »» & & A L 7z. Pomolic acid
(99.3%) 13h FREz%HETHUEREE (Isolera One,
Biotage) & EiAZu~ 7 F 7 4 — (7 ELC.
1260 Infinity, Agilent Technologies) %W\ THEH L
2o FEEMIIHIRE SIS (NMR) 3 THRR D ThH 5
L ZHEFZR L7z (Izuchi & Katsuki 2021).

2-2. AERE MY FILR ) A RODEHERSE
(1) UIhoDRRENIFILR/ A ROMEAE
Vrd (7Y) OMIEE (K. #. Ezat) ZHK
WMEME (FDU-2110, REIE(LERM) CTHREL. ILY—
THRRIC Urzo BREKE 151074 k> 200 mL 20
v ZE T120rpm T3HE R AR & 5 L 7 (NR-30,
Taitec), %, ROA 0 —% —%3EE L 7B 3R HE
DB (CR2IGI. Ty XRYRLT - NATw T - TT)
oY—Xx) T&b LA (16,500 X g. 10 min, 20C).
FEEBEIXL, ICBIC1I0mLO7E b Z2IA. ZED
THEMEEZEREDIR L7z, BN L7z BEIX. TARL—
% — (Rotavapor R-300, BUCHI) TEEE L. 55
Nz 72 s o e Ui,

(2) UYORE7 & b DmBEER

7 b HE®H200mgE £ T A4 b No535
(FujiflmWako) 3 gICIESHE. FIA ¥ —TRRIH
BRIz, BOAT LM LUIA 2 2BTE L, 78
F/1< 2 (SNAP Cartridge KP-C18-HS 60 g. Biotage)
DOEHICHERLTT7 Ty v 2 HEFEEEERE (Biotage) T
T LT, THESMIIERMBEZ 0.1% FFR&H 65% &
AKI% )=, WE30mL/min & LT, 30mL 3 2%
L7z ABREN) TR A REGCES ZEINL, &
DINAL—— (miVAC QUATTRO concentrator.
Genevaca) TEMEE L7z, CEMEAY ) —)L2 ~
4mL IR L. BT E Lz,

(3) ARM MU FILR/ A RO—RIEHSE

O 8 » 5 4 BLLC (1290 Infinity, Agilent
Technologies) ZFHWT, ABRENY TLRI A FE5
BB L7z, BESIEE. C30 154 (YMC. 250 XA
£20.0mm, HfFES5um). hILEEEZ40CTE L. B
/K/TEr=FIN /A% ) —=)L=01,15/ 34
/51 (pH 4) #B#HHEEL LT, Fi#E 7.5 mL/min TfT-
7zo BHOBZ 2 ETHESZEINL, — B8 E L.

— KGR 2 VBN TR L5 ETELINKL —
¥ —TEMEZE L., 2mL DX ¥ ) —)VIZBfE LTz, —IR
B8y o [EE &, LC-Q-TOF-MS (micrOTOF-QII.
Bruker) ZH W T, FERHORFFRHEEBEEERO HEIC
K DITo 7z LCHAMTEEMIE. C30 7T 4 (YMC. 150
XN 4.6 mm Ktk 3 um) ZHWVWT, BEHEA % 0.1%
ek, BEHEB %2 0.1% BEBE& A7 b=F UL /R
¥ )—=L=3/1&L. BEHHBRBE % 80%. &
04mL/min TP AV I IT 14 v IaM%EiT>72. MSE
Bid. A bER APCIE L. RYT 1 T4V E—
KT, FvyEFY—FJE 4500V, EEHFTZ 1 N2, A
WE:7.0L/min. %BREE:180C, 27T ¥ —:
l.6Bar, 2V Ya &EE:10.0eV. BEHHA : m/z50-
2200 TIT- 72,

Wiz, m#EwAk e~ v75 7« — (HPLC. LC-
20A. BEBERT) 2HAWT. — B OMEZHREL
2o MM BEEE K/ TERMZDNUIL X ) =)L
=0.115,/34 751 (pH4) =#%#MEEL L T. C30
N7 5 (YMC. 515 4E 150 mm X A4E 4.6 mm. HifF
3um,). ¥k 0.6 mL/min. 7T AMRE 40C, HHEE
200nm Tffo 7. BoNn/zr7uv b 7S50 — 7 BH
BEICT 2RO — 7 HEBEEE O ZMEE LT
HE L7z,

(4) —IRAERYDIBIERFN

—EEY OS5, FmAPRFES N TWRWERT DR
BHEHE L NMRJEZ{To72. BEERHEIXZ. K=
EA #* 4t -TOF-MS (JMS-T100LP AccuTOFTM LC-
plus 4G) TH#IE L7z, HIZEZ Direct Analysis in Real
Time (DART+) 4 F Y {bLE T, VU 7 1« AEE:
80C. # U7+ AEE1:30V. YV Z VA5V, &
V74 ABE2:5V. 414 2HA K RF500 V., EE#i
:m/z65-1,000. RV 7 b IE : PEG600 TIT - 72,
NMR #Hl%E 1%, 5mm UltraCOOL_CH Yu— 7%z 7~
NMR ZEE&E (JNM-ECA800R) TiT-7z. #fHY 1 mg %
EHA%/—)L (CD30D) # 0.3 mL IZ¥f##%. 5mm 3
suRBEE (7 3) 1L, 25CTHIE L7z, —IRTT
NMR & 'H-1D (800.14 MHz)."*C-NMR (201.20 MHz)
IZ T. "C-1D. Distortion less Enhancement by
Polarization Transfer (DEPT) 135°. DEPT90° % #I
£ LU 72. 21k 7t NMR & Correlation Spectroscopy
(COSY). Hetero-nuclear Single Quantum Coherence
(HSQC) & Hetero-nuclear Multiple Quantum
Coherence (HMQC). Hetero-nuclear Multiple Bond
Connectivity (HMBC) % #l7E L 7z. f##71Z 2D NMR
Ver4.13.1 TfF-> 7 (FF#f 2009),

(5) #BEMED T £ ~= MUILBEDREAE
0.1% Frf %= &1 60 ~ 80% (v/v) T F= MU ILEH



RIFRmUTZERT  BitiREE, 35 (2025) 33

BHEELT I0OBOERE MY T LR A NER
(annurcoic acid. euscaphic acid. pomolic acid.
maslinic acid. corosolic acid. betulinic acid.
oleanolic acid. ursolic acid. erythrodiol, uvaol) %
BZBEIOug/mLICAY ) — LV THBLULLEAEBR %
LC-MS Tt L7z HE b —%NAF T u~v bTI
L (TIC) TIT WV BEBGTORDTOTHEES L E— U4
Bz L,

(6) Annurcoic acid D RFERFAE

@ ASERGE S NC W annurcoic acid 2. —RAEE)
(2.3.1C & #& ) 7» 5 HPLCI260 Infinity (Agilent
Technologies) #HAWT C30 7154 (YMC. 75 L4E
250 mm X W% 20.0 mm, KifE5um) THBEEL 72 57
BESEMEIE 60% (v/v) TR M= MU ILEBEHE (pH 4) &
LT, W& 7.5mL/min. 715 LEBE40CTIT->7. H
MRy %2 ECE 72BN L. REBEMEME Lz, —%
LC-20A (BEBEF) #HWVWTHIL., MEZEHL
720

3. BREER

3-1. VY INTEEBROARYE MU TILR/ A RO—RIEH

VYOMIREICEENSRREEN) TARI A FEH
HU. RSB I —RE- 2T 7. RETGEOREEE
LT, RFREPRE VR ZNRE LIz, 75733 (1)
13 ~ 144 (2) 14 ~ 1543, (3) 16 ~ 1743 (4) 17
~ 1873 % 5 L7ze 7527 3% LC-Q-TOF-MS T
I L7zER. 7527 a > (1) & euscaphic acid, 7
FUvay 2) BRI Erol. 7T 7ay (3) &
(4) & pomolic acid TH -7z, I, 7573 (2)
ZEET B DICHEERTE21T->7 (Table)., Boniz
NMR 7—=%#56. 7527 3> (2) & annurcoic acid
TH5Z D3 h -7z (Waldbauer et al. 2016). &K
FOMEAZHPLC TEHELEER, 797 a> (1)
80.0%- (2)78.9%. (3)74.3%. (4)83.9% T» - 7= (Fig.
Mo LEXD, —KEHAERZ, REOMLERED 5H
BORBRET Y TR A REFBFICERTZ 52 EA7R
ENize LA L. BEYOMES KDY 72720, fHzH
BT 2720121, EMELPRETH -7,

Table 7527 3> (2) ®4 ® "C-NMR (201.20 MHz). 'H-NMR

(800.14 MHz) . HSQC. HMQC 7¥—%

carbon HSQC/HMQC
“C(ppm) "H(ppm) HEFR
16.492 CH; 1.30 s
16.753 CH; 092 d
17.856 CH; 0.87 s
20.507 CH» 1.52 1.63 m,m
22209 CHs; 1.12 s
24956 CH: 2.05 207 mm
24976 CH; 122 s
25546 CH; 1.12 s
26.736  CH, 1.52 253 mym
2722 CH; 1.19 s

27423 CH; 1.22 1.71
29.745 CH, 0.98 1.83 m.td
33.992 CH, 1.36 1.61 m,m
38.964 C
39.167 CH, 1.63 1.73 m,m
41247 C
42794 C
43133 CH 136 m
48.434 CH 1.77 dd
50.659 CH, 1.16 231 m,dd
55.244 CH 2.53 brs
58.988 CH 1.18
70.606 CH-O 460 dd
73.856 C-O

128.986 CH= 530 t

140439 C=
183.09 C=0

217.548 C=0

BAY ) — (B EHEHEIC 1H 1 3.3] ppm. C 13 49.15 ppm %ALY 7 hORMEE L1z,
s: —HE## (singlet). d: Z&E# (doublet). t: =HEH (triplet). q: WHEMH (quartet).
br: 7u—F (broad). m : HZERARIE, REBSIIREH
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Fig. 1 —&xi&o o< 2524 (HPLC)

(a) 792 a ¥ 1:euscaphic acid. (b) 752 ¥ 3 > 2:annurcoic acid. (¢c) 777> 3> 3:
pomolic acid. (d) 757 ¥ 3 ¥ 4 : pomolic acid

3-2. BEEO7E b= MUIVBENREBEE MY FILR Y/
14 RODBRICKIFTHE

FOEMEORBRME N TR A F2B5720. ZIK
BEOBEMMHEE 2 MET Lz, 0.1% g% &1 60, 65,
70, 80% (v/v) 7T b=t UJL (pH 4) =&ML LT,
10 ARE MY T 1 MBAHRZ7EEL 72 (Fig. 2),
60BLUV65% 7L M= RMYLTIEX. & TORT D7
T&7, 60% 7t b= kY IILTIL betulinic acid(6).
oleanolic acid(7). ursolic acid(8). erythrodiol(9).
uvaol(10) DEHICKMEZE L7z, 65% 7L =1V L
T &, corosolic acid(5) @ & E " 60% & U & & <.

betulinic acid(6). oleanolic acid(7). ursolic acid(8)
DEENE D572, 70% 7 b= MU TIE. 60 min B,
TTaels 2B TE7/, —/5 T, annurcoic acid(2) &
pomolic acid(3) D¥— 7 B —& &% > Tz, 80% 7
£ b = b+ Y )L T &, annurcoic acid(2) & pomolic
acid@) D=7 BIFIFRLICEL > T\ iz, F 7,
euscaphic acid(l). annurcoic acid(2). pomolic
acid(3). maslinic acid(4). corosolic acid(5). betulinic
acid(6). oleanolic acid(7) OFFERREMLL . WiEDO S
W\ erythrodiol(9) & uvaol(10) @ & MK > 5 72 72 &,
SHUSE L TV o7,

15 -
(1)
(3)(4)

04—

60%7 & =Yk
(9) (10)

12)‘/ © me)
Lo 3 3%

65%

Intensity ( X 10%)
&
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0 50

Time[min]
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Fig. 2 BEIHOT7X b= MV VBESTHEICRITT
(I)euscaphic acid, (2)annurcoic acid. (3)pomolic acid. (4)maslinic acid. (5)corosolic acid.
(6)betulinic acid. (7)oleanolic acid. (8)ursolic acid. (9)erythrodiol. (10)uvaol
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DEORERED, 0.1% B2 &L 60 ~ 70% 7 b=
NUJL (pH 4) #B#HE LT, C30 h T LE2HVWTSH
g 5Z&T, BHORRENY TR A RERBETE
BT ENDIP 5Tz, BKEDNHBRK VLS I 60%. &
WX 70% IV T b= MY JLERHWSZ ET, B
BHERETEERS SR 2T TES LEZ 65N,

3-3. Annurcoic acid DE#iE(L

EEAEZE S N T W annurcoic acid 2 ™R &
L. annurcoic acid # &t —REHE S (757> 3>
(2)) OZWEH%ZIT> 72, BEHIZ60% 7 =KV
)V (pH 4) TiT-o7z. RFHREE 325~ 337553075
7rarvzERL, ZkE#EME L (Fig. 3). ZIkE
B OHE X 95.7% (HPLC %) 2o 7, WO LB
MOTLRI A NEROMEIXO3 ~99% TH 5729,
ZRREBYNIERE LTHATEAMETH S I EHRS
Nz, FBEAEEVIRL, 85.79 g DFZIE) > IHY I
5 10.15 mg ® annurcoic acid 78 5 117z,

DILEXD, W SNIBEIEICK > T RED 5 EME
DRHBENI TR A RPELNLZ EPRENT,

200000
>
2z
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Fig. 3 annurcoic acid ® —y#E&) (HPLC : 199 nm)

4. 455w

BEICEENAHBENY T A ROSELLC 2H
W B MRS B 5 2 YL Lo pHA ICHHELL 72 60 ~
70% (v/V) TE R NV GEICEY TH oz Tz
T b= MIVREZBERRIICK > TEET S ETH
RIICREDP SEBORDPHEHAETHLEEZON
%o WENL L7-FikEFWT, 85.79 g D) ¥ T TH&E
» 5§ & 95.7% (HPLC) @ annurcoic acid #¥ 10.15mg
/Boniz, COFHEZ HEEOTRENI T AR AR
OEMERHERBOEHICERTE S, LA > T, EmE
FROFEELR ., Fbf &7 B I TREOEFHANDOEFEA
HFCTE 5,

5. 2&

Ghaffari-Moghaddam, M.; Bin H. Ahmad, F.;
Samzadeh-Kermani, A., 2012, Biological Activity
of Betulinic Acid: A Review., Pharmacol. Pharm.,
3(2), p.119-123. DOI: 10.4236/pp.2012.32018.

Izuchi, R.; Katsuki, T., 2021, Pomolic acid in
persimmon peel suppresses the increase in
glycerol-3 phosphate dehydrogenase activity in
3T3-L1 adipocytes., Biosci. Biotechnol. Biochem.,
85(3), p.691-696. DOI: 10.1093/bbb/zbaa079.

Liu, J., 1995, Pharmacology of oleanolic acid and
ursolic acid., J. Ethnopharmacol., 49(2), p.57-
68. DOI: 10.1016/0378-8741(95)90032-2.

XEBEE, BMES T —4% X=X, https://fooddb.
mext.go.jp/selectFood/sel_top.pl, (2024410H30
HZHR)

Nagoor Meeran, M. F.; Goyal, S. N.; Suchal, K.;
Sharma, C.; Patil, C. R.; Ojha, S. K., 2018,
Pharmacological Properties, Molecular
Mechanisms, and Pharmaceutical Development
of Asiatic Acid: A Pentacyclic Triterpenoid of
Therapeutic Promise., Front. Pharmacol., 9,
p.892. DOI: 10.3389/fphar.2018.00892.

it 8, 2009, 78V 3V ic kB FT-NMR O 57— ¥ AL .
582 M, =3HIR, B, ISBN 978-4-7827-0597-1.

Nile, S. H.; Nile, A.; Liu, J.; Kim, D. H.; Kai, G., 2019,
Exploitation of apple pomace towards extraction
of triterpenic acids, antioxidant potential,
cytotoxic effects, and inhibition of clinically
important enzymes., Food Chem. Toxicol., 131,
p.110563. DOI: 10.1016/j.fct.2019.110563.

Sagar, N. A.; Pareek, S.; Sharma, S.; Yahia, E. M.;
Lobo, M. G., 2018, Fruit and Vegetable Waste:
Bioactive Compounds, Their Extraction, and
Possible Utilization., Compr. Rev. Food Sci.
Food Saf., 17(3), p.512-531. DOI: 10.1111/154
1-4337.12330.

K HETF, 2004, YA S OEHRST Ot & B, TR
BRPHEM Y 7 —®EE, 1, p.93-95. https://
www.hiroshima-u.ac.jp/system/files/4337/
report2004_26.pdf (20245 10H30HZR)

Sut, S.; Poloniato, G.; Malagoli, M.; Dall’Acqua, S.,
2018, Fragmentation of the main triterpene
acids of apple by LC-APCI-MSn., J. Mass
Spectrom., 53(9), p.882-892. DOI: 10.1002/
jms.4264.

Waldbauer, K.; Seiringer, G.; Nguyen, D. L.; Winkler,
J.; Blaschke, M.; McKinnon, R.; Urban, E.;



36 RIFRmUTZERT  BitiREE, 35 (2025)

Ladurner, A.; Dirsch, V. M.; Zehl, M.; Kopp, B., oxide synthase (eNOS). J. Agric. Food Chem.,
2016, Triterpenoic acids from apple pomace 64(1), p.185-194. DOI: 10.1021/acs.jafc.5b05061.
enhance the activity of the endothelial nitric



