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Analysis of phenolics in Eucalyptus saligna leaves
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2.1 EEMBELIUERE

B2 THE IR S LT W2 A E 5 20835, 20675, 20483 o 3 &% d E. saligna (Es) O
WA (2013 45 7 HGHkAE, i 30em) vy, 2014 4E5 ~ 9 HI2h U TEBRET- 720 F
7z, e LCERAETR, RETFHRATFNV, (+) - 27% 2 (Dl WU TR SR,
T35 7l (Sigma-Aldrich ##), 7> 7za—), FvtFr, ryoas gk (L, FEh
TR SHE) 2 7z,

22 heeFEICLDT 1/ —ILEESPIR

3RMDES OHAD, HiA5H 10 ~30 cm O S DL+ RN L AERERRE L HZE L
oo ZOHIMTOURTEEEZ LY (K-1), ZNZTNoORE, WE #HE»505 S %,
WG 7 7 =7 Image J # FI W TIIT L 720 2o DZE@ AR 100 mg (23 LT 3 mL
D80 AL ) —NEIMA, BiEL,

H- 1. g Hriciv7z Es o3 (20835 44%)
Fig. 1. Leaves from Es used for colorimetric assay. (20835 line)

ZEIHBOMBHEAWE A L THEZY 7V E, MEPIZIE 5 X 9 12K T 50 #5124
L, #2725 500 pL HLY 1 LT Folin-Denis #: 1 X Wi 7 = 7 — V@2 ERm L. $hbb,
500 uL @ Folin-Denis 343 (¥ > 7 A5 Y+ U w4259 V€)Y 77 M50 ) Uk
12.5mL, 7k 188 mL Z{RA L C 2 R E#h %, K22 C 1000 mL IZFA# L-b o) 2L,
3431212 10% k5 1) 7 2% 500 ul iz, 50 45712 11000 g T 10 45 filE.0 2 7\ LigE A %
> T 700 nm OWOLEE (GGRERE UV-240 BE) 28 L7z, e, 1—7 1) OFS
EEZON, KGRI Y =2 ORERE 2 T RETRE AW TR L 720

& 502, [AREICEE 3 H B, 58729 >~ 71 E, DMACA 7 1255V THHL,
TIN) = VDOEEERFT-72. ThbE, DMACA (p-dimethyl-aminocinnamaldehyde) 10 mg
ZRL 12 MIERO08 ML, X% —n92mL 2 EE/-EEZ/ER L, M 25 pL 12k L
DMACA 3% 1 mL iz, 1043212 638 nm @I #815%E L 720 MERIE, 793/ —)
HoORKRILEWTH L (+) - ATF 2 HOTERL 2.
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23 HPLCIC&L 37/ — VKSR

TATHRZE 7Y B2, Es OEOHIBHEA SR SN ALz Tl L, &% v T HPLC
WX B0t EmET L, £- 1 TRLASFHEO-O@TRH Uitz 3maH 45 2 &1 L7,
BHRMICBVT, HOILEWZED, FHEOTIIEETR 79N/ -, BLOZLLO/R
BHE, S @QTIREE TR BETHRAFIV, BIUENSOEBEE raoar vk &OT
vt FrBItrry7za—n (75K =), T3 7BOWMIEEREFNENT- 72,

#— 1. HPLCIZHW7z 3 205 irdtt
Table 1. Three conditions used for HPLC analysis.

Detection of
wavelength
V)

Eluent composition Observable
(water with 0.005%TFA* : MeOH) compounds

condition Gallic acid,
80 : 20 Flavanols, 280 nm
) : s
their glycosides

Gallic acid,

condition . Methyl gallate,
@) 62 38 their glycosides, 280 nm
Chlorogenic acid
conition . Flavonols,
® 30170 Ellagic acid 365 nm

*: TFA, trifluoroacetic acid

IRMD Es DEEEK 400 mg §OHML, MAEEREHNCT I ORLL, %k, 22 LH
FeofimshE s s ko, EEE100mg H721) 3mL D 80% A ¥ / —vE Mz TEE L7z =7
E3HHICHB ARSI AL T 7V ERT, 2255 150 pb & H, 11000 g < 10 45
W L7ze REAZ CI8 7L AT AIEL, Mlidsz UV L9 5EElAksru~x 777 14—
(HPLC) 1clpuL A > v =2 L, MixfFo7.

F 7, EWEROGAETHERST 2700, il a EERERE 0.48 M T 100C T 2 RERI K 55 ff %
To7ze TNEFEMHOBLV@THITL, EEFBREOEREEONKSHED L5 TE2EIE L7,
E5Z, IREFPNCHEREERE 0.06 M T 100T T 30 MK S #2175 720 SN ZE L@ T
GHTL, 79K = VHEORBAROGEEEREER L2 /2, SEUTICBI 23 ELRE— 2712
LT, i ORI 2 5 02 UV A7 MVORBRIZE Y, (LEMOFEE L EREZITo 72,
HPLC Z offideffix, LToEBY) TH b,

HéfE © AS-2057 Plus (JASCO #t)

# 5 2 @ CAPCELL PAK C18 MGII 150 mm x ¢ 4.6 mm (&4 )

FEE © 0.5 mL/min

3. BREEE

31 HBFEICLD7 1/ —IVHEAMA

311 EsORFME S

ot sEmIs & )72, Es OR# %5 20835, 20675, 20483 i 1M T L O EE Y7 ) D
W7/ =g (%) BLE7I7N— e (%) &, &2 TVORIEO T2 5 O S (em),
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N2 E 2 A, 20483 DAL pRAEMA A SN 7280 (K-
CAUCE LTSRS (CORREL %) # Excel 12X WEH L7z (FE-2), F— 213#xf
EOREZIPREVIZEBVHEZ R L TWD, 3RHED I b & IR TES 20483 D7 =
J=VEBLUT TN —VElE, LSS OE S LRMVEOHBBRERLTEY), 35612,
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Fig. 2. Total phenolic and flavanol content in an Es leaf, determined by colorimetric assay.
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FK- 2 ERMOBEICEGINLR T 2/ —VBBLIUO T IN —iE, &S - BE - ke OBR
Table 2. The correlation value between total phenolic or flavonol content and height, length, area of leaves from

each line.
Line

20835 20675 20483
Phenolics -0.077 -0.428 -0.808

Height
Flavanol -0.404 -0.212 -0.712
Clrmellatiom L Phenolics -0.089 -0.175 0.670

1 ength
VLIRS Flavanol -0.149 -0.157 0.648
Phenolics -0.148 -0.194 0.698

Area

Flavanol -0.295 -0.258 0.520

HXF AR Z VT EAHBIDS RN & 2 %3 (R fiE 1.000) o
MBIREIE, &R0 12-16 Mo FEs S5,

312 EFHhDa—hHU EDER

EsOBEIZHEINLIHR T/ —ViEE, CNEFTICWE SN TS Es Yo 4fEoa—75Y (E
haemastoma, E. piperita, E. robusta, E.signata) O#EI2& N s 7« / — Vi ® L %17 -
72 (M= 3)s EsiZ3RMNTNOEIZBNTY, E204HEOL—-A)DED) L TROEH
D%\ E. haemastoma & [FFEEED, HAHWIEFN IV L 7o/ — VRS EEHE LTV
CENbrot, 72, EsO3IRMED L, TIZ 20483 D#T = ) —VvEDEL L TEHE VR
Lotz 2—=ANIE, & ICHBRDEDOZ WAL LTSN TV 7Y, —fIIZHIARD ™
WA DRI GO LEEGDTBUIREETH D, L VbNLTVALILEEbETERTY, &
Ewl/o) 20483 R THRI25%, IHhORMTH 5% U LB 7 =/ —vEmx/RL7CE
saligna iZ, 7=/ = WG % & IS ELHTH DL E VR b
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-3 =NV HEOKRT =) — ik FEEYY)
Fig. 3. Total phenolic content of eucalyptus leaves (dry weight basis).
LT — N IEHEREE T (n=2)
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321 FEOMKAEFRZICEH T D90

IS OWFZEIZ L ), E. robusta DIEIZE T NS 7 =/ — VIR X EEFIE & ORHE AR D
HIEPLETH LI ENbroTnDE Y, 22T, EBSOEIZYL, BETHPLZOMT =/ — VI
LEV ORNERD L B\ GEHET D EHEEL, MAKSHERITo2MHBE T B~ N7 T LD 17
of:o
SRMOENSHOENI TV, ZEONKGIEY % D - @THM Lize 215 DK
RO HE T/ O NI AFHEL, E—7DREERE—IHOLALZHE L2 WThO
RHEEFTICBVTH, EELZE— 7 OFFHBMIZIZEZFR L Tho 72720, M- 4128FE LT,
20483 D EFM@TIC BT ZNKGHERMBEOEEZR LTz O-@DETOLRMTT, MK
BOIOY N TTRIBITDLE = BOWMPDHERTE, BETHRLEEETHBEAFVOE -2
FEH SN Tz, MKRGERNIZR SN ETFBRUNOFELRE -7 O UV A7 ML & Bl
L7zbezh FEAEDE—=27D UV ARY NVIFIESOBRETERS 5T 7 I8 — )L UV
ANRY PIVEBEIL Tz &THET A LR TE LD o725, THoDbaWidi%aTmie
7 TN =V OEER EHER S 7z,

4

Gallic acid and
Methyl gallate
glycosides

g
:
;4

Gallic acid

. s
)

M- 4. EsiEd 80% MeOH fiiiliiflio> HPLC 7t~ b 7' & (55Hi4f@, 20483 Rt
(): Ik o, (b): ks

Fig. 4. HPLC chromatograms of 80% MeOH extract of Es leaf before (a) and after (b)acid hydrolysis
(determined for the Es line 20483 under HPLC conditions #2)

322 EIIEZFh3 71/ —IVHESDEE

BBRENEELYE— 712K 5252 (M-5), EhEOfFRMB I UV 27 Lo
HgIZE 5T, =26 2E6WERE L7z, 512, FHELLEMoERE% % -
3IRL7z BRMETIIBVT, BETHMERAETHRATFVE LOZOMMER, =7 78, 7
FERI—NELTH VLTV, Fry7xa—), 798 — VB LUZOlMEE, ooy g
EWVI SRR T 2 ) = VT OTFIEDTEFE T E T2 B TORATER, BETHMAFI, BX
CZFNS OEHEFEI R 72 ) —LED 80 ~95%% 5O THY), ESOEIIEITNITE LT -
= VEBEERETBECH LI b hrole S0 L, T VRIIEETHRO _RAko X
A GHEER L S TWDA, THUIKIZD A Y 2 = IVICHIERITEITICL L, BB
TELholze 2D, LI VHBOERERIIANLERTH Y, EsOEISEURL - E=E X
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DO LT TREGH L TV LIRENH L. L7 FIROEREFEIZO VTS ERELET
H5o

3
E
]

B — 5. Es%80% MeOH filitliifio> HPLC 7 1~ + 77 4
(a): Ik srfRnT (AT 4eth@, 20835 %it)  (b): MK (3T 43, 20483 S7ifk)

Fig. 5. HPLC chromatograms of 80% MeOH extract of Es leaf before (a) and after (b) acid hydrolysis. (a): The
Es line 20835, determined by HPLC conditions #2, and (b): the Es line 20483, determined by the HPLC
conditions #3.

V=2 1 - EFIR, 2 - EEFRAT NV, 3-uur Vg, 4 -5 7, 5-rVvtFr ;6 -rr7x

=)V ;7B &8 — AT RRIHER £ 7213 B TR A T VECHE R

F—- 3. HPLC /3#ric & %, Es3E80% MeOH ittt 7 = 7 — VL& o (mglg)
Table 3. The amount of phenolic compounds in 80% MeOH extract of Es leaf determined by HPLC (mg/g).

Line
Peak No.2 Detected compound” 20835 20675 20483
1 Gallic acid 35.30 20.96 36.85
2 Methyl gallate 1.46 1.02 1.58
3 Chlorogenic acid 17.46 6.01 36.21
4 Ellagic acid 0.21 0.58 3.54
5 Quercetin 0.33 0.43 1.82
6 Kaempferol 0.25 0.25 0.76
Glycosides of peak No.1
7,8 an No.2 (tgtaling) 84.56 125.66 155.77
Flavanol 2.69 1.47 1.60
Total phenolics 142.27 156.37 238.11

flilx, BRFH23 > INVOFHERT (CHEENL0),
Q) M-50F— 7 FFIZET L,
b) FALEWOREEILIX - 6 2,

B L72AL S OEOF 2 H - 6 IR L2 209 b, TRy & LRI L 2@ a T iR
?w%ﬁhﬂﬁw7ﬁF—vx%%ﬁ?étwoﬁ%#%émi#,ﬁaf%u«ﬂkk@
P bA R O R & L CHEEMICEE LA TH 2, HAETHOAEETFICE L T3
EEFESEFLTFEPRITENTNLEIATH L, 40, LEROBETHEZ G EHFHS D
27572 Es OYEL, 4k, HETEBAEOFE LTSNS, 2 EMfishs, E512,
TN = (BT F V) G ER T & EREEN RS L EEZ SN TS Y, F2,

Bull. Univ. of Tokyo For, 134, 105-114 (2016)
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vk Fy, Ar7aa—)blnd) 75K = VEIZEH L £ ) ETHRRAEN S 5 L v
b THY Y A4F 37 (Ginkgo biloba) DHEIZLEICEETNTVLILIFLICHONT WS,
WA TIETTIEAF a v ELF AL EPMEEFH O D ICRBIICFIH S TWwb, 40, Es
MOMT LI EDTELZT IR = VDwIE, TOAFTav EABE,PZNLULEORETHD
VO ESOEL A F 3y L AEOFANEFTE 5,

o
OH
M) E :H
H
H
"
HO
H
Gallic acid Ellagic acid
H OH
H H
H
H
H
;u
Catechin H #\I%J\:“
H
H H
Epigallocatechin
Y gallate
H
H

Quercetin

oH

ITWE%; Kaempferol

Chlorogenic acid

-6, -3 IIBVWTHIILAT =/ —VIHELEY O
Fig. 6. Chemical structures of phenolic compounds listed in Table 3.

F72, SHEESIZFEFZHARTOFTRORBER CTH > 72720, KELHELZBOENTHE
FIZALT, YHOEORTHMET o770 RWIZEICB W TCHHOTEIIIIEF ICLIEP DL ED
T ) = VRS EENDS ZESHB L e s, EsASEGE, MR XL E LTRIHER
HREESIZETHRE LBRICARE - F/EINDE 7 o/ — VIR S 720 b, 51, lE
DA TZ E. saligna DIEIZONWTOFHEIT) TEDNEETH L EE X b,

Wt & HPLC 12 X 2 5k 25, ESIZZDEIIBWT T/ — VG % £ &k
THbHIENDbholze 512, 7/ —NVED 80 ~95%%%aATEE RETHMAFIL, B
LOENS OBEERED D L 2 EAHIBH L7z 3RMETIE L <12, 20483 ZfEDIEIZB T
W7o/ —VEDNS L, EXIME,SBERWEICHLHITE, 72, EORISHTREIVIIERY
) =L E VNS o7 TNHOMER2 S, AU E. saligna &) FlINT, RIS
LoTT7 2/ = WG DEFERLERD L RIZENDYH S EHIRESI N, T2, BHLZK
GREHNT LI ENTE, EBSOEEZERE L THHTE 2 mE -7
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FL 8 Eucalyptus saligna O 2% & A EHZ VY, 80% A ¥/ — VIZ X AHIBTHEON T =2 /) —
IR IZBE LT, Bt 7 & UM HPLC % v CERMICIRNT L 720 E. saligna &\ ) T
&, LT LN ORME S G AN TBY), £09 b 20835, 20675, 20483 O 3 Hktlc
BOWTEINIEORGEDOLERITo728 245, 20483 RMKICOAEOHELSKE WIT L,
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20483 A CHeEEH - DK 25%, 1Z0D 2578 TH 5% UL ELED T =/ — VIERG & &
BLTED, WINbBEETEHREL L OCORMEAP TG TH o/ TOEPTTHF VHH, 7
TR =, ranay yRe ESME BT OFEL MR TE 72 IS OHEETHEHZFA
PR TEX23DTHY, E saligna DEZEPF L L CHHTEX 2 RetEavRmg sz,

% —TJ— K : Eucalyptus saligna + & - 7 = / — Uy - s #r - HPLC
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Summary

We investigated 80% methanol-soluble leaf extracts (predominantly phenolics) from fast-
growing Eucalyptus saligna (Es) by colorimetric assay and HPLC. We used leaf samples from
three different lines (20835, 20675 and 20483) of the same Es, which have grown in different
areas. The phenolic content in Es 20483 leaves was clearly correlated to the leaf height from the
ground and the leaf area, although other Es lines were not. These results suggest that the same Es
trees have different ways of producing or accumulating phenolics, depending on the growing
environment. The leaves of Es 20483 line had approximately 25% phenolics, and those of the
other lines had at least 15% phenolics based on dry weight. In all of the Es lines, gallic acid and
their glycosides were the major phenolic compounds. In addition, they had a wide variety of
compounds, such as flavanol, flavonol and chlorogenic acid. All of these phenolic compounds
detected by HPLC are expected to be used as supplements and other uses, and thus the leaves of
Es will be utilized as new biomass resources with high value.

Key words: Eucalyptus saligna, leaves, phenolics, colorimetric assay, HPLC



