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ABSTRACT

This study examined the physicochemical characteristics and antioxidant activities of A/nus
Jjaponica (A]) leaves. The carbohydrate content of an 80% ethanol AJ extract sample accounted
for the highest proportion, followed by crude protein, moisture, crude ash, and crude fat. Sixteen
amino acids were detected in the 80% ethanol AJ extract. The major organic acids were citric
acid, malic acid, succinic acid, acetic acid, and formic acid. The highest level of saturated fatty
acids was palmitic acid, followed by tricosanoic acid, heneicosanoic acid, stearic acid, and
lignoceric acid. Monosaturated fatty acids (cis-10-heptadecenoic acid, elaidic acid, and oleic
acid) and polyunsaturated fatty acids (linolenic acid) were detected in the 80% ethanol AJ extract.
Oleic acid comprised the highest monounsaturated fatty acid content, and 8.89% linolenic acid
was detected in the polyunsaturated fatty acid. The order of mineral content was CayK>Mg.
The total polyphenol and flavonoid contents of the 80% ethanol AJ extract were significantly
higher than those of the distilled water extract. The ABTS- and DPPH-radical scavenging activities
were higher in the 80% ethanol AJ extract, while ferric acid-reducing antioxidant power was
higher in the distilled water extract. These results suggest that AJ leaves contain valuable
phytochemicals, have high antioxidant activities, and may be developed as healthy, functional
foods.
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I. A&

QI7te] B+t 18 AT HEC] A=Y HiolH
£(COVID-19) ol ZA7Jo] digt dril=e] &
olof w} 17754
Foll tigt A7 5] o] FolA 1L Qltkjaeger
et al. 2021). o& 2]F] =3hd FHEHEEY
715 T AR 92 A W AU AE AB4tst
= oA ABIHAEAR PHH RS £
AstAY AeEE AAsks 49 AAlolH o]
gt oA HstA EAEE EAAFROS,
reactive oxygen species)?] AH|IE Aoz
35 9 A dAlske Hol71des FERAL
AHLee et al. 2008). FHQA AEHA L H
A0 aQlof o5 LAY stz E/dAAF-S DNA,
T, A&} §EESte] o] 52 &AM T
733}, T, AFESIL} A S| o5k
olo & A8t Jomova et al. 2023). TFALSHA
= 4T} BHERE o 244 HIEI} Holn]

|
e AR FoA 1 glo

A 59 &4 FHast 2 /A AEY AE =
FAYG BA sk £Ho g o851l Qtkjun et
al. 2013).

LW (Alnus japonicay= AF UFIQ1
99 nEoR duEt SR o9 i
200~900 m A|<o] AHgstal glom £ FHAkS}
Alolw QA HF2 B @olal PR = &
w4 gz o]FolA QtHKim & Cho 2019).
QU= s, B0k 59 5= 7t
A3 A= AL AHAHAN et al. 1999). &
JuRols FHl=, Heerdd, 258, Bl
&, HEHAr 5 99 7HA] &9 triterpenoid
Qlo] B-sitosterol, HEFTAL, A|HE2 alcohol,
pyrocatechol A¥ ¥d¥} pillioin, AHAd
5-hydroxy-4', 7-dimethoxyflavone 2] flavonoid
SRIEo] TaElo] tklee et al. 1992; Halliwell

1996; Wada et al. 1998; Kim et al. 2005;
Kuroyanagi et al. 2005; Na et al. 2012). 3t
QUL g iKStevi¢ et al. 2010), HALSH
B3HLee et al. 2000; Kim et al. 2004), &<
T} (Lee et al. 2000), 7+ RS 3Klee & Lee
2016) ¥ FUT £719] ot &4 AIHKim
& Cho 2019) ol #3t A77F B =UA|qt
AR QU 2] Ak} Aol Tt A
= FE53 Aot 2 Ao 2guE o
80% oletE FEE9 olafehd FE& EA5H

ol

ook

2 AFE Al AR U 92 20214
78 SHEE AAoflA Faste] ARESHITE @
U A2 AH 3 & ALofA Ax Fo) 52
AZ71E ol&stol Axstlen E471(EV-GB
8000 model, Everhome, Seoul, Korea)& ©]
&5to] E4jet & -70C 2A2¢4garo] Hikst
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2. NEZE

QR o B Al gl 208§
80% olgt= ¥ SHTE flaskell £1L &= ¥7
T A2 65C9 heating mentle(Mtops
ms-265, Seoul, Korea)& 53l 3AI7HH % 33]
HHE FESigith o] Ut I FEAS
whatman filterpaper(Whatman No.2)& A&
sto] Aejal FE5 oA 40T 8 AofA
AFN 55715 ol-&sto] & AA F AAw
Zolo] 3AAXSIAL AHE FEES 9Y %

=
715 HRBNI PA WS SAs) AEHY
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4. gt 24
21‘414-” A 80% OEE FEES
Wungaarden®] W'H(1967)°l wet £4
5]‘1»:\‘:]'- A& 2 g2
< ojFsta At w59 AYEE °F 100 mge
F5t] 4 mLY 1N-KOH-ethanol &0 4-&
FA 2ol SAIHA ¢S wl 7HA] wwtsked
o} 5 mL9 14% BF3-Methanol& &35to] 3t
FI71E F2oto] 587 80To|A heating
Sto] Hdo|AH =3}ekal 30"01] NaCl Z3}-&
3 mLe}t 4 1 mLE
Aol &A Fi A5 25k o719
T4 NapSOE EFste] 82 ¢l = 05
mLE 298] F3 & kA A=uE I v(HP
5890 series 11, Agilent, Waldbronn, Germany)
= BAsk3H

X]ku]- _7,&_/\4

“tf

|

chloroform-methanol® 3

LFUYFE A 80% AEHE FEF 0.5 goll T+
20 mLE 22 &, 80T olA9] water bathollA

QalR o £ES20 OjstE M2 U EME BN BT 57

4AITE B THEAA ST EHS
membrane filter(1 pm)E ©]-&sto] IA|Z T}
1% 30 mLE 4-85}0] o}F Whatman membrane
filter(0.45 pm)=Z 913} 1L Prominence HPLC
(HPLC-20 AD Prominence, Shimadzu, Kyoto,
Japan)g °l-&sf A5t

Whatman

6. 74 Ottt 24

ool eIuF o 80% o FE=
0.5 g°l 3 mL9 6N HCIE &%sto] 7] &
121TollA 24417 &<t 7hpEsfisileh. 1 &

glassfilter2 o]HE ojusty IANTEZ7Y)
(EYELA VACUUM NVC-1100, Tokyo, Japan)
2 7Rpetel e 553t Holl sodium phosphate
buffer (pH 7.0) 10 mLZ A-&st3ct. &4 1
mLE #3}9 membrane filter(0.2 pm)ZE 27
W Zo| Amino acid autoanalyzer(S433-H,
Sykam GmbH, Eresing, Germany)E ©|-83l &
A5Hqict.

7. 2I1H &M

LR 9l 80% olgE 289 7714
< A.0.A.C ¥H(2005)°1 w2t BAsIAH. A&
0.5 gol 10 mLY 20% HNOs; 3 mL9 60%
HCIO/E FIsto] o] Frgsid wizbA] 7Fast &
0.5 M HNOsZ 50 mLE A8AA 2449 &

5 #2892 &3 & FEH0l 8 mLA H&
sto] FEgMNo7 SF th2 0.5 M HNOsE tix
o= o] 8L ASZElAn} spectrum analyzer
(ICP-OES, PerkinElmer, CT, USA)Z EX5}9t}h

8. & polyphenol &2
QEUE 9l 80% oete 2EEI FHF: 25
£9] % polyphenol ##& Folin-Denis2] ¥H
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(1912)& 3-8&3to] SA3HAT 1.5 mL tubed]
Alg 9 =59 standard €9 200 pL2} Folin
reagent 200 L& ¥ & A204 387t ¥k
A 10% NaCOs 400 pl< H7Fs voltex
gt & AoA 4087 BREAIFHTE O ¥ UV-
spectrophotometer(Bio-Rad, Hercules, CA,
USAYE ©]&sted 750 nmollAl 8=
At FEEZAL tannic acidE olgslo] 2

% polyphenol TS AHE3}

275
31 ZZU

AS a1 FEES

At

9. £ flavonoid &lZ

QFUE 9 80% e
EE9] ¥ flavonoid $F2 DavisH
Chae 59| ¥(2002)° w2t S74stdct.
mL tubed] A& @ =¥ standard €% 500
nLoll diethylene glycol 500 plL& A7Ist &
IN NaOH 10 pL& ¥3i 37C heating block
M 60w TS WSARH I & UV-
spectrophotometer(Bio-Rad, Hercules, CA,
USA)E ol-&sl 415 nmolA S F=E 5753
o} Ruting ©]&slo] EEIAS 181 F&25

9] Z flavonoid &= Ak

10. ABTS' 2iC|Z AHs &H

QT 91 80% it
£9] 2,2'-Azinobis-3-ethylbenzo thiazoline-
6-sulfonic acid(ABTS) radical £4%52 Re 5
9] (1999 WFste] A6ttt 7 mM
ABTS®} 2.4 mM potassiun persulfateE 1:1
HEE2 4o AoA 2447 &2t A5k
radical A48& FEsF¥LE. 1 & 7 mM ABTS

=28 ==

’r‘ﬁ omTT T=

5of 2.4 mM potassiun persulfate 10 mLE
FAoAtt. UV-spectrophotometer(Bio-Rad,

Hercules, CA, USA)E 750 nmollAl &85 Ftol
0.7 A&7l HES HehZE 3]4sto] ARESHAL
o} ABTS™ 2t 89 450 plet 7t ==
Azx"E AEE ZF 50 pL EFste] 37CA 30
7+ 9g-A171 & UV-spectrophotometer (Bio-
Rad, Hercules, CA, USA)Z 750 nmoll4] 3%
S5

11. DPPH radical 271s
QEME A 80% ole-E
£59 2,2-diphenyl-1-picrylhydrazyl(DPPH)
radical 2752 Blois9] H%#(1958)°] we} th
=3 ol SAsith. ARFEAT A
DPPH €95 23913t & 37C heating blockZ
olgst] 30&%F WREAIFH 1 & UV-
spectrophotometer(Bio-Rad, Hercules, CA,
USA)E ARE3Sto] 595 nmollAl = Z7g5to]
EA5H3I

= ZaE XN =
=1 TFFS F

v}

12. Ferric acid reducing antioxidant power
(FRAP) assay

QLU < 80% oHtE FEEN SFT 7=
E£-9] FRAPE= Benzie&Strain(1996)2] HIHE W
ool =459t FRAP reagent(300 mM
sodium acetate buffer(pH 3.6)(Sigma-Aldrich,
Louis, MO, USA) 10 mL, 10 mM 2,4,6-
tris(2-pyridyl)-s-triazine(TPTZ) (Sigma-Aldrich,
MO, USA) 1 mL, 20 mM ferric
chloride(Sigma-Aldrich, Louis, MO, USA) 1
L& —i’i—‘éo}oq A& Z47ke] Al 10 pL
24 90 uLE FRAP reagent 200 ulet &
1512l UV-spectrophotometer(Bio-Rad, Hercules,

A, USAE °]85t 595 nmollA] FF=E &
éfz < FRAP g2 AXtsith

Louis,
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13. SAIXE
2 AollA Ayt BE 4
3o A4 ¥HE Agsiglon] Hdi= Bt
(mean)¥} ¥&EHXKstandard deviation, SD)Z
UERHRY, GraphPad Prism 6 program
(GraphPad Software, Inc., La Jolla, CA,
USAYE ol&sto] 7z Ad 719 594 HAF E
Z8519ch p<0.05 $22 2 Student t-test?}
FAREA(One way ANOVA(Duncan's multiple
range test))& 59 ARESE ZF AR 7H9] BAA

R4 2ABHAL,

m 23 9 33
(RRTCI RS
QYR 9

A 80% oletE 229 IRHIES
B4 A7k Table 13t 2t} 7P 2 Quby
o eslE R 77.84%019).0H, A 9.16%,
FE 5.05%, ZIE 4.9%, A 3.05%= LEF
wit.

Table 1. Proximate compositions of Alnus japonica
leaves
(Dry Matter Basis, %)

Composition AJ-EEV
Moisture 5.05 = 0.11
Crude ash 490 £ 0.10
Crude protein 9.16 £ 0.24
Crude fat 3.05 £ 0.50
Carbohydrate 77.84 + 0.85

VAJ-EE, 80% ethanol extract of Alnus japonica
leaves
All values are expressed as the mean + SD of

triplicate determinations.

2. 74 Otoj=tt 24

QT 9 80% olEE FE=9] ot

QLR Y 520 0f3tty 42 U SE BY 67 573

Table 2. Free amino acid contents of Alnus
Japonica leaves

(mg/100g)
Amino acid AJ-EEV
Essential
Threonine 393.03 = 1.47
Valine 450.76 + 2.33
Methionine 68.46 + 5.03
Isoleucine 354.26 + 1.15
Leucine 698.73 + 2.98
Phenylalanine 467.04 £ 3.68
Histidine 264.23 + 1.80
Lysine 378.94 £ 3.58
Arginine 405.86 + 2.48
Total EAA? 3,481.31
Non-essential
Aspartic acid 650.20 + 7.57
Serine 449.39 + 4.01
Glutamic acid 868.79 + 5.02
Proline 534.69 + 4.25
Glycine 450.89 + 5.21
Alanine 487.08 + 1.52
Tyrosine 288.05 + 3.25
Total AAY 3,729.08
EAA/AA(%) 93.35

YAJ-EE, 80% ethanol extract of Alnus japonica
leaves

PTotal EAA: Total essential amino acids.

Total AA: Total amino acids.

All values are expressed as the mean + SD of
triplicate determinations.

Ak SFFEA2 Table 29 2ot 414 o4k
ggeofr] Al 9F 9 H|Fgeolm] Al 780] A
Hdor F 16%0] AE= Ut B4olr| Ak
leucine©] 698.73 mg/100gC.& 71 =& $F

o F‘O e rlo

< XYV phenylalanine, valine, arginine,
lysine, isoleucine, histidine,
methionine 2% &7 UeEH. Lol
Ato] & g2 3,481.31 mg/100ge] k. ¥1E
4 otu]|i AR glutamic acid’} 868.79 mg/

100g=2 7 =4 Yehge™ aspartic acid,

threonine,



574 SRX|GAS Y tEtS

X ®34H 45 2023

proline, alanine, glycine, serine, tyrosine <&
o= 2 IS HIth F v[ES oAk

3,729.08 mg/100g® YERLT)

LIUE o 80% ot FEE F7I4F S
2 Table 33 2ot HEH F74E & 572
O|% citric acid’} 7,329.69 ppml& 7P &
o] A&HAY IrkS-9Z = malic acid, succinic
acid, acetic acid, formic acid&9 & &4 Y
eputtt. 7P = YEhd citric acide 3279
Tdof| QU= 4t SRFEEA A E2ARS R, e
O|EA|, AMSHAIZ AFAAQ] HEAZA 2AF]
AV E AGRS H7l 9 shAAskE el A
olg, &2 A3dE wol=tl AMEEHZhang
et al. 2013). E3}, succinic acide AZA|, &

Sk w&‘rﬂliﬁ Yo ALgEIe] o] wER
AT AU LA WL, 2%, Al X

g WEoy7|E SttHZhang et al. 2013).

Table 3. Organic acid contents of Alnus japonica

leaves
(ppm)
Organic acids AJ-EEV
Citric acid 7,329.69 + 2.04
Malic acid 4,984.72 £ 4.20
Succinic acid 1,830.13 = 0.77
Formic acid 200.87 + 4.55
Acetic acid 1,64891 + 1.56
Total 15,994.32

DAJ-EE, 80% ethanol extract of Alnus japonica leaves
All values are expressed as the mean = SD of
triplicate determinations.

4. Rt 24
QLR 9 80% kS F&ES] A 2
ATHe Table 49} 20}, ZHAUARS 5%, 9

EXSPAPALS 3F, FERSAARS 150]

A&E9 22UR 9l 80% olEHe FEE9
A HARS palmitic acid?} 42.84% Att20 2=
tricosanoic acid, heneicosanoic acid, stearic
acid, lignoceric acid £0& ZS}A|HFAlO] L}
Pttt SGAERSAARS oleic acid9] &F
o] 6.97%= 7F¢ A YEEeH, cis-10-
heptadecenoic acid= 6.58%, elaidic acide=
1.68% =22 HEH Y. B, XAy
AL linolenic acid’} 8.89% UERTh.

Table 4. Free acid contents of Alnus japonica

leaves
(% total fatty acids)
Free acids AJ-EEY
Palmitic acid (C16:0) 42.84 + 1.07
Stearic acid (C18:0) 468 + 0.48
Heneicosanoic acid (C21:0) 6.02 + 1.52
Tricosanoic acid (C23:0) 2095 + 0.11
Lignoceric acid (C24:0) 1.38 £ 0.15
Saturated 75.88
cis—10-Heptadecenoic acid (C17:1) 6.58 + 0.20
Elaidic acid (C18:1n9t) 1.68 + 0.15
Oleic acid (C18:1n9¢) 6.97 £ 0.05
Monounsaturated 15.23
Linolenic acid (C18:3n3) 8.89 + 0.48
Polyunsaturated 8.89
Total 100.00

YAJ-EE, 80% ethanol extract of Alnus japonica
leaves

All values are expressed as the mean + SD of
triplicate determinations.

5 F71H M

QIR 9 80% ot FE2EY T IEE
A A= Table 59+ Zth
19,908.05 ppmZ, Ca &&©°| 11,720.37 ppm
o7 7B @3ty K, Mg, Mn, Fe, Zn, Na, Cu
+0 8 HESFHU FU1EE AXYAL 8 5

= 3 (o]
Z 7 e



AGAol DIz A] DT AFH7F =
Al Fash AF7F £t 2gFol vEidtt
(Dubey & Thakur 2020). A AFEE 4 g
P FE0= tRE] Alglo] Fr]do] 4
PS5O oo I A7} 5] o]FojH T
FATT 7= At A& HFHE dash
SIHGray et al. 1983; Raab et al. 1989; Shin
et al. 2011). Ca= AW 7714 F 39%5 A
st =4 9 Aokg F/dsh= AdEolH AW Ca
kgl oF 99% ool =1} zoto] EARI

P
ol
ol
>
.
I
i)
2
T
.
2
~
2
O o

71 so1H Ed*

2 fAol= 98 StkBaez et al. 2023).

Table 5. Mineral contents of Alnus japonica

leaves
(ppm)

Minerals AJ-EEY

Ca 1,1720.37 £ 2.06
K 5,772.52 + 3.25
Mg 1,674.25 + 1.54
Fe 258.33 + 1.52
Na 24.60 + 6.32
Mn 401.53 + 2.01
Cu 7.67 £ 0.15
Zn 48.77 £ 1.52
Total 19,908.05

YAJ-EE, 80% ethanol extract of Alnus japonica
leaves

All values are expressed as the mean + SD of
triplicate determinations.

QLR Y 2520 0f3tty 42 U SE BY 67 575

6. £ polyphenol % & flavonoid &2

Polyphenol e &40 x5t 24}
oto] T 7l o]A4}9] phenolic hydroxyl71& 7}
WS SRME(Yu et al. 2000024 AlES4, 3
At g9t 59 Htt 852 71 tiKang
et al. 2002; Lee et al. 2008). &Ho| ©}E @
U 9l9] & polyphenol @ % flavonoid ¥
g Table 6° UEFAATE. 22U+ < 80% ©f
e 2&59] ¥ polyphenol 3RS 104.02
mg TAE/ge|H & flavonoid &2 76.71 mg
RE/gelth. &3, QU ol S/, F2EY T
polyphenol $F2 70.95 mgTAE/go|H F
flavonoid &2 32.57 mg RE/ge|tt. 24}
79 80% oetE 80| S/ 55 ot
% polyphenol ¥ flavonoid &&=Fo] Fojxo=g
A UEth Aped 718 289 F
flavonoid &2 HgZ, d4L, tolZ==md
EIE Z+Z0A 67.70, 57.08, 50.71 pg/mge
2 Ut 2 dAet 2 AolE YEWITH Choi
& Joo 2019).

Table 6. Total polyphenol and total flavonoid
contents of Alnus japonica leaves

AJ-EEV AJ-WE?

Total polyphenol
(mg TAEY/g)

Total flavonoid .
76.71 £ 2. 257 £ 0.
(mg REV/g) 6 95 3257 + 0.65

VAJ-EE, 80% ethanol extract of Alnus japonica

104.02 + 0.67 70.95 + 3.69"

leaves

YAJ-WE, water extract of Alnus japonica leaves
9TAE: Tannic acid equivalent

YRE: Rutin equivalent

All values are expressed as the mean = SD of
triplicate determinations.

"p<0.05;  Significantly different for AJ-EE and
AJ-WE by the Student’s t—test
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7. ABTS' radical AHs

Q2 UE Qo] ABTS' radical £&#%52 Table
77 Zrh eHURY 80% oEe FEEY
ABTS" radical £4%2 0.125 mg/L %04
48.15%, 0.25 mg/mL BZolA 61.42%, 0.5
mg/mLBEolA 89.12%%2 UEebdth QU
A FHF FEES ABTS radical 2452
0.125 mg/mL sZoAE 16.67%, 0.25 mg/
mL &ZoA 34.39%, 0.5 mg/mL s%oA
00.74%% YERT E3F 22U 9 80% ot
2 FEE ABTS'Y ICsp %2 0.18 mg/mL, &
U o S5 FE2E2 0.37 mg/mLE UE
U PR 9 80% oleE 20| euF o
SHS FEEHT ABTS' radical &4 &4Jo]

U

Table 7. ABTS radical-scavenging activity of
Alnus japonica (Thunb.) steudel leaves

ABTS" radical

Concentration i 1Cso?
(mg/ml)  SHEE g/l
0.125 48.15 + 2.65¢
AJ-EEV 0.25 61.42 + 3374 0.18
0.5 89.12 + 0.34°
0.125 16.67 + 3.28°
AJ-WE? 0.25 3439 + 0.15*  0.37
0.5 66.74 + 2.11¢

VAJ-EE, 80% ethanol extract of Alnus japonica
leaves

DAJ-WE, water extract of Alnus japonica leaves
ICsp is the concentration of sample required for
scavenging radicals by 50%

Data are the mean = SD of triplicate experiments
(n=3). Means with different letters (a—e) within the
same row are significantly different at p<0.05 by
Duncan’s multiple range test.

8. DPPH radical 2AHs
QR Q1] DPPH 2z ¢7ib—g— B}
A= Table 8% At} QU5 A 8

F#&%°9 DPPH 2z 275 32 0.125
mg/mL &=°A 40.16%, 0.25 mg/mLolAl
68.15%, 0.5 mg/mLETolA 69.73%= e
O™ ICso 42 0.26 mg/mLE YT FESH
LR 9 SFF 254+ 0.125 mg/mL,
0.25 mg/mL, 0.5 mg/mL B4 Zz
19.85%, 39.06%, 66.42%, & YeFgo™ 1Cs
g 0.36 mg/mL=E UEHTh AR} Ao
WEEo|| &31= Carpinus pubescens Burkil
oetE& FEEE 0|83l DPPH radical £4%5
2 =43 23} 0.1024, 0.512, 2.56, 12.8 ¢
g/mLo] A& Aol oJsf 77+ 21.85, 37.04,
86.99, 99.85%% UEIL; & Itet 2 Aol K
AHLee et al. 2016). & A+9] Ayt Qo
9] DPPH radical &7 28UF 9 80%

etE FEE0] YUT A S/ FEEEH

B Aow Yerith

Table 8. DPPH radical-scavenging activity of
Alnus japonica leaves

DPPH radical

Concentration . ICs”
mg/mb) (/D)
0.125 40.16 + 1.52°
AJ-EEV 0.25 68.15 + 3.63°  0.26
0.5 69.73 + 3.14°
0.125 19.85 + 3.90°
AJ-WE? 0.25 39.06 + 2.60°  0.36
0.5 66.42 + 0.37°
Ascorbic 1.000 91.52
acid
BHAY 1.000 88.25

DAJ-EE, 80% ethanol extract of Alnus japonica

DAJ-WE, water extract of Alnus japonica

ICs is the concentration of sample required for
scavenging radicals by 50%

YBHA: butylated hydroxyanisole

The data are the mean + SD of triplicate

experiments (n=3). Means with different letters (a—c)

within the same row are significantly different at

p<0.05 by Duncan’s multiple range test.



9. FRAP(EH) 24

fols1] A Verdt,

Table 9. Ferric-reducing antioxidant power of
Alnus japonica leaves
(FeSO4.TH,0O eq. uM)

Ferric reducing antioxidant

power
AJ-EEV 14.72 + 0.05
AJ-WE? 18.56 + 0.04

YAJ-EE, 80% ethanol extract of Alnus japonica
DAJ-WE, water extract of Alnus japonica

Data are the mean *+ SD of triplicate experiments
(n=3). All values are expressed as the mean =+
SD of triplicate determinations.

"p<0.05; Significantly different for AJ-EE and
AJ-WE by the Student’s t-test

u|ieAt 9%, H|BSeou| Al 78)S St

o) AR  Jeucine, H[ES  ofm]|lARS
glutamic acid’t 7P} =4 UeiEth eeubit
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