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Abstract Populus Tomentiglandulosa (PT) is known for pharmacological effects against ischemia-injury and immune
activity. This study aimed to investigate the nutritional components, total phenol and flavonoid contents, antioxidant
activities of PT extract. Among the mineral contents, the K content (907.5 mg/100 g) was the highest in the PT extract.
Vitamins C (6.1 mg/100 g) and nicotinic acid (3.1 mg/100 g) were also found in high amounts. Fructose (2.2%) and
glucose (1.6%) were found as free sugars in the PT extract. The total phenolic and flavonoid contents of PT extract were
115.4+0.85 mg GAE/g and 20.9+1.14 mg QE/g, respectively. Results of HPLC analysis of PT extract identified catechin
(9.14£0.27 mg/g), caffeic acid (4.1£0.57 mg/g), p-coumaric acid (2.1£0.49 mg/g), chlorogenic acid (1.6+1.86 mg/g), and
gallic acid (1.4+0.35 mg/g), respectively. These results suggest that the PT extract possesses high nutritional component and
antioxidant properties, which can be used as functional bioresources.
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%5, 1986; Miean®} Mohamed, 2001; Xu 5, 1994), catechin 5
3 7+ tannin 59} chlorogenic acid, vanillic acid, gallic acid,
caffeic acid, ferulic acid 5] phenolic acid (Azuma 5, 1999;
Laranjiinha 5, 1995; Papadopoulos®} Boskou, 1991; Yan 5,
1999), o-tocopherol, ascorbic acid 5<] vitamin F(Malik 5,
19977} R ul ok A2 =71 7F AEALS 83t U
ok 1A Wok ol oleiw ARES Sl e il A
A2 ZA L Ao ZlojR| 2z A o]t
HARIIE-(Populus  Tomentiglandulosay= H%——‘/H-J/}(Salicaceae)
of &shn ulohbrel FAAAGES -?*ﬂ‘%ﬂ"ﬂ*ﬂ ¢l
Wole] 249} s AABOR G| ue SFolh Bl
ALRE Aol Ben Axed BIAE & AR 5AE 2
lom, 2oz sl Rez¥E 2717} & Eohte
4o e Yoty A2 wEra AERsEe oelst
2 GFS =R Populus balsamifera FE=< 3 vidglo} €4
(Simard 5, 2014), Populus nigra =52 &953 7HHs a3}
(Debbache 5, 2013), Populus davidiana FZ%2] 44tsl €4
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gA-S X324 1,1-Diphenyl-2-pic-rylhydrazy (DPPH) 2 2,2
Azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) ZFH1Z &A%
2 ks,

FEE M=

2 A AR drAAHRE XA SARE Y ool A
AFst] @A 3 FET EEste] 70% ol ghgol
70°CE 24417+ 33 FZ311 3 Whatman No. 1 (Whatman
Ltd., Maidstone, Kent, UK) oA & o]&3le] oJ3}3k & 3
AR F5Z7](EYELA, SN-1100, Tokyo, Japan)S Al-&3he]
50°ColA Zjbs ek $5E FEES $AAX7I(PVTFA

10AT, Ilsin, Dongducheon, Korea)S ©]-&3}lo] E&313E & Al
B2 AT FETE )2 FAAZE £H FAE =

gstel et

BANLR FEE0 LUME EY

UHHIE AOACH(1990)° wet 248t om 42 oF
105°C gA7rEdE, 3 &2 550°CM A 3ehE &
gato] EAsTE 2 S micro-kjeldahl S ©]-&-3
@ d AF 54 7] (Kjeltee  protein  analyzer, Tecator, Hoganas,
Sweden)= ZEN o™, A FF SoxhletHS o8-8l &
At erste 9 919 SAAE T AES 100004 W
A7 o= Sl

O rle

Y

AR FES9 VA =M 24

F714(Ca, P, Mg, K, Na, Fe, Zn, Cu, Mn) THS AOACH
(1984)ll ¢Jate] EA 3T AIEE 0.1 mg T7EA] 4 &3] A
gate] 550°CelA 6A17F Bt 3]3HA17] T, 20°C sand bath’d
oA 5mLe| HNO; &5 7tste] 102 5 7Fshal Wy 5,
25mL volumetric flaskoll ¥ SHTE 718l o 343FHA (What-
man filter paper No. 41) A8313ct. o]FA oAxbdl oxjog 7t
gragNor HHe F=Z 34 T inductively coupled spec-
trometer (ICP, Lactam 8440, Plasma Lab., Victoria, Australia)E
o] &3 FE=AY plasma WEEAHOE 48T

BIAALIR F&589| H|EN EHEEY

vlER] ke AEF AR (20062 38311 High Performance
Liquid Chromatography (HPLC)Z #413}%T}. Vitamin C, B,
B,, B, nicotinic acidE 0.1 g¥ ZHz} 100 mL Zek2=3ol P 3
2 SHTE QLS F, BAA FEENS TE F, 045um
MILLEX-HV13 ZE{(Millipore, Bedford, MA, USA)ZE o] 3}5}e]
AHE-3IATE HPLC AH)E 270nm UV HE717F F-28 o]
H(MHEWLETT PACKARD 1090 series, Palo Alto, CA, USA)
columne shisedo C, (5 um, 4.6x250nm, Tokyo, Japan)& Al
ek AlEgoe] QS 20 pLolH, o5 A 125 mMe]
PIC B7 (l-heptanesulfonic acid sodium salt) % acetic acid 1%%5
£33 ~g-9o1 )5 B 1.25mMe] PIC B7 2 acetic acid
1%E &30t 60% methanolS AME-3tATh ©lFde] &2
0.5 mL/min®2 0-13% Alo]oll= 100% A ©1%842, 1-2557A%
TR E 100% B o]5/de] HEE EEFoH, 2528% At
olell= 100% B ol sdo2 EHFAUTH €22 1027 100% A

ol e EHFA

BAALIR F&829| RIIE EHEEY

F21ge] g3 Richmond 5(1981)2] HPLC B4 ZAS -8
3} HPLC (Waters 2659, Waters, Milford, MA, USA)Z #4735}
Atk A& 5gS A3 80% methanol 100 mLE €I o

¢}
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3 & BAFIAIIE FE 2R %70 F 80°ClA 24
B FES T Ak o] FERFE 28] WHES &
ANg 45°ColA A& & SHRTE 2ol 100mLE A&
Atk A8 AggALe 70°ColM YE HashmEA B3t
o} B4 %748 Sugar-Pak 1 column (300 mmx6.5 mm, 10 pm,
Waters, Milford, MA, USA)Z &&8v Ca-EDTA (500 mg/L)E
Zgst9nt. AxgE A& 1mLE #3te] 045um membrane
filter2 3}8F & columnol 20 uL® FYsAth. && &ne
0.5 mL/min2 ETRWOH &2 refractive index (RI) detector
(2414 RI, Waters, Milford, MA, USA)Z ©]&3}3it}.

£ He ¥ StEL0|E & 24
AN 58] F Tls TS Gutfinger(1981)9] WHS
Fateo] TAsIATE @A FEE 1 mLS test tubeo] 7}

10% Folin-Ciocalteu A]2F3} 2% sodium carbonate &-21-S
ZF 1mL 7FSE oh 25°Col A g Az Bt RESAIZL F
microplate readerE ©]-83t 750 nmollA FFE=E ST
F A FFE gillic acids EFEAR o|gate] 2 XF
FHo2RE itsllon, A8 542 33 wEsle] Hdghs
ARE-SHATE.

HAAAE 2259 2 SR o|= RS Moreno 5(2000)
o] Wi we} Aslditt. AT FE5 0.5 mLS test tube
o] 718 &, 10% aluminum nitrate 0.1 mLS E3H3F & 4087
Ao A H-SAIZ T Z TR 1M potassium acetate®} 80% oIl
28 ZH7F 0.1 mL 43mLe 7kt & 4087 204w
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HPLCE S8t Tis M= =4

T S22 dz4 s3HE B4 gewt ol A
AP F2E 10mgS 50% ethanol® =27 045 um Milli-
pore membrane filter® 51 tF. HPLC U= Waters 2690°]
" column Sheseido C (5pm 4.6x250 nm, Tokyo, Japan)<
AHE-3F9 Y. A& 7]+ photodiode array detector (PDA)S ©]-&-3}
o] 278 nmolA FHEE SHIIAT ©]5dS solvent A (acetic
acid:water=3:97, v/v)¢} solvent B (acetic acid:acetonitrile:water
=3:25:72, viv)Z AHE3le] 1 mL/ming] f502 6087 £43)

Atk

DPPH ZiC|Z A2HEN

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radicals ©]&3F a+4k3}
g2 Chu 5(2000)2] WHS WHste AFsidor, oot
22 2(Formula 1)°ll ¢J3] DPPH i &AEAES Ve
o FAANGE FEE 02mLel 4x10* M DPPH &% 0.8 mL
o] dellA 1087 WA T 517 nm
oM FEEE 43I on, 33] wkEele] FEphs ARSI

Formula (1)=[1-(A/B)]x100 (%)
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A: absorbance value of testing solution
B: absorbance value of control solution
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ABTS ZiC|Z 28y

2,2'-Azino-bis  (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
radicaloll tHeh @Atste] W3t S Re 5(1999)°] WS ot
S-&3te] ANt TmMe) FEE =91 ABTS £ 5mLel,
140 mM F=2] potassium persulfate £ 88 uLS 7kskd o4
ol 14-1677F 9t WkE- T ABTS &9 1 mLE 5mM2] phos-
phate buffer (pH 7.4)Z ]413led 750 nmollA S3=7} 0.70+0.02
7F H=% Si9iT S48k ABTS 89 1 mLl FARAE =
= 10uLE 7HE F A2l 622 WAL F 750 nmell A <
Y=g ZYsgom, 33 WEle] Baghe AT ABTS
)z 27%2 Formula (1)& ol8-3te] Axtsiin.

SHXE|

AEHENE A AZEY O] statistical analysis system (SAS)
program? ©]-€-3}3 3 Duncan®] T ®¥$ 77 (Duncan’s multi-
ple range testyS ©]8-5k] Ao Hapk 749 Fo (w2 0.05
frelaEols AR s

@2 353 &, A3, 55, 54
Azxste] 223t ¢ FEEY FES 7 AT 778%E Ve
ok @AY FE2E AN 2L Table 13 o], &
3HEo] 88.6%, T 5.11%, WA 2.5%, 23R 2.3%, A
1.5%= Ve ©eshE shigo] 7Y ol i, 2, &
B, A e Loz Yl @4 BAILHEY] 2%
8hA Aol sk A7r BA] kol 2 AT Aol gk #
@A o] ofel gy, AAALRE9L e BEuE el el
WU (Salix Koreensis Andersson) 7FA] F&&2] ahitksl & &
% ZHE H7/Fe Kim(2018)0] Aol oJ3hH, MEUNTE 7]
= 49} 80% WEHEol] 24A]7F 53t shakingdsle] FEgF 7t
z} 59 FETES THT FEEAA 130mg100g, H
€k ZE4 150mg100 g & Yeh} B Ao Axel=
TGEAT f7glN 2o Aoz Yelt ols AAMUE
oFe] Alm zpo] BNE opgl FEUH(RE, AlTh §9 Atolel
9

AR FE=e] 71 SRS 43 23, Table 29
72t} 289 F/1d FS K (907.5mg/100g), P (93.8 mg/
100g), Mg (85.0mg/100g), Ca (77.5mg/100g), Na (23.4 mg/
100g), Mn (29mg/100g), Zn (2.6 mg/100g), Fe (1.4mg/100 g),
Cu (0.6mg/100g) =2 Yepsth 77148 i FolAe Kol
7P BRI 2 o R Pot Mg 59 o= ghako] mith
ST Enzmann 5(1969)2] Aol wEW EWAAI U (Populus
tremuloides)®) 712 ¥4 A3} P, K, Na, Mgl v|sl Cae] 3
Fo] 7P =& ZoE Uehth ol8d Ade F53 A A
oo wg Fr71d 24 ®¥slE AlsEnh

BALEE F=E20| B B

AT FE=0] viekl S #4323 Table 37 7
o] vitamin C (6.1 mg/100 g), nicotinic acid (3.1 mg/100g), vita-
min B, (0.3 mg/100 g), vitamin B, (0.01 mg/100 g) =22 e}
ol Igwemmar 5(2013)9] A7 Ao mEWH FEF2LE FF
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Table 1. Proximate composition of 70% ethanol extract from
Populus Tomentiglandulosa (unit: %)

Proximate composition Populus Tomentiglandulosa

70% ethanol extract
Carbohydrate 88.6
Moisture 5.1
Crude protein 2.5
Crude ash 2.3
Crude lipid 1.5
Total 100.0

Table 2. Mineral contents of 70% ethanol extract from Populus
Tomentiglandulosa (unit: mg/100 g)

Populus Tomentiglandulosa

Minerals 70% ethanol extract

K 907.5
P 93.8

Mg 85.0

Ca 71.5

Na 234

Mn 2.9

7n 2.6

Fe 14

Cu 0.6

Table 3. Vitamin contents of 70% ethanol extract from Populus
Tomentiglandulosa (unit: mg/100 g)

Populus Tomentiglandulosa

Vitamins 70% ethanol extract
Vitamin C 6.1
Nicotinic acid 3.1
Vitamin B, 0.3
Vitamin B 0.01
Vitamin B, D

YNot detected

Table 4. Free sugar contents of 70% ethanol extract from
Populus Tomentiglandulosa (unit: %)

Populus Tomentiglandulosa

Free sugar 70% ethanol extracts
Fructose 22
Glucose 1.6
Lactose -

Maltose -

UNot detected

A7 BIER EF Zhdol] 2 S vAY, 2 AT FE
AL 70% ethanolg ©]-8-3F] 7 7] &
FE 259l A7) o g &4y 4 L4 vlEle
7} Hof o] e Ao=R AR,
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Table 5. Total phenol and flavonoid contents of 70% ethanol
extract from Populus Tomentiglandulosa

Populus Tomentiglandulosa

70% ethanol extract
Total phenol contents (mg GAE"/g) 115.4+0.85
Total flavonoid contents (mg QE?/g) 20.9+1.14

UGAE: Gallic acid equivalent
PQE: Quercetin equivalent

Table 6. Phenolic compounds of 70% ethanol extract from
Populus Tomentiglandulosas

Populus Tomentiglandulosa

Phenolic compounds 70% ethanol extract (mg/g)

Catechin 9.1+0.27
Caffeic acid 4.1+0.57
Chlorogenic acid 1.6+0.86
p-Coumaric acid 2.1+0.47
Gallic acid 1.4+0.35

Z IEUL lactose®} maltose= SAE|A] Edt}. o] ek A3}
+ Escher 5(2004)2] A-ol|A oleNZIAMA V- (Populus euramer-
icana)?] 21F B2} fructose, glucose, sucrose”} A= AL
I F fructose?] o] 7HE Erhe ArAItet AR A3
SR =

SAMALIR =&580| & H=
B3E g
HEA JEES AEA 0 &

Whgo M 71z Zgetw, 3 B2 el 27 o]4Fe] phenolic
hydroxyl (OHY’1& 71X W& slHEEA Setiieo|=e) vhd
o] FAEOR i3} gk, w¥Y T TS AL vt
At EAAYR 3289 HE 2 ZgiHkol= o5 B4 F
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115.4+0.85 mg GAE/g. 20.9+1.14 mg QE/go & et} T3k &
AN 2529 HlEA sHEe] S 2438 A3= Table
67 2t} HPLC #4 A dARI: 3224 A #lss 4
B B2 retention time HWE 53 #2931%]. 2™ (data
not shown), AT FZE90= catechin (9.1+0.27 mg/g)©] 7+
& ol gfEo] AL caffeic acid (4.1£0.57 mg/g), p-coumaric
acid (2.140.47 mg/g), chlorogenic acid (1.6+£0.86 mg/g), gallic acid
(14035 mg/g) T°] A=A sgEe] THulo ATk & A+
Ade S 9F HEAE FEEY dsEAYS 713 Sim
501900 Aot vl & w dARAUE FEE0 F ds
9 F ZEinro|t IRk ZBX R F 5E(40.6+0.32 mg
GAE/g) ¥ & ZT}H:0]=(19.0+0.86 mg QE/g) TR TF =k
T AYUE- FE2E9 £ #E(0183.0£1.96mg GAEg) % £ =
ZhR 0] =(24.3£0.22 mg QE/g) $HaF HrheE Yt

BIAALIR F&29| DPPH ¥ ABTS ZiC|Zt A&y
DPPH radical® alcohol -8 Wjollx1:= DPPHS] da ¢1#pet
alcoholZbell FaAgto] FA 7] wjiol] the R FHridrct
HlwA e, ksl 848 2 B4 vk R
o] DPPHO] AZo] {3 FolA FR=7F AastA HER 3%
£9 742 24T A radical 24 FAHL 4A =4 T ¢
St} DPPHS} 2 SA49] AgAloA = A8799] Hgwl E &
+ butylated hydroxylanisole (BHA), butylated hydroxytoluene
BHT)$} 72 EZ KT} ascorbic acide} 72 484 MHSAE
o] gtz gA4o]l & Zlo® ZA €t ol2|dk DPPH radical
2ABYLE AE FE2EY ditsks SA vlg- Helg ol
ot} FAAAIE FEET RFOE ARR3E ascorbic acide} BHT
9] DPPH radical 2AE/3& 4% A3+= Fig. 1(A)°] e
th, AR E2EE9] BE7} 2olA4E DPPH radical 227
o] Frlele S JERNAS. QAU FEE 1,000 ug/
mL FEolA 792% AA BAHS BT vhA, tiRFoE ARS-
3l ascorbic acid®} BHTS] 1,000 ug/mL =42l DPPH &}t
Z DAL 717t 86.7, 67.6%= UERE FARAUE FEE 1,000

|

W Popuius tomentiglandulosa
£ BHT B)

I ascorbic acid
a
b - -4
80 c c
£ d
e
‘0 |
f
100 500 1000

Concentration (ug/ml)

ABTS radical scavenging activity (%)

B

Fig. 1. DPPH (A) and ABTS (B) radical scavenging activities of Populus Tomentiglandulosa 70% ethanol extract. Results are presented as
the mean+standard deviation of 3 independent in triplicate. Means with different letters are significantly different at p<0.05 by Duncan’s

multiple range test.



pg/mL FEo|A4¢] DPPH 27 &7%
51—/\4_ E_Oi]q_
ABTS cation decolorization assay+= potassium persulfate<} <]
HEg-ol] 93] AAdE ABTS radicale] &4kst Ed )5 A|AF
%i’\uol SHET} ABTS @48k~ olv] AAJE free radical
AES FE= P Yrehlo] ABTSS] A S &
IiE Qo] FEHER WAt =
37—, 2 Ft ’_‘J"F*é 2o AL 4 k. ABTS
T F2EY IEXFoF ARE3) ascorbic
acide} BHTA kst 842 Fig. 1(B)ell YERHATE ARG
F 3259 F57t 21455 ABTS radical 2480l 27t
s AEE YeEpIYIo U 28 FX0A ascorbic acidit BHTO
vlg] wre 248 Hth HZ Lee 5(2019) W0 ALY
FEES FAS 2, oI ZRIAE Fos tjzte] HE|
u 7Hgell A superoxide dismutase 2, catalase 52| &
F7RIT R Bk vb ok EARAVE Zz‘j"] 65}’&
rksdiEel 711g AR AlREY, JARUY &
H catechin?} caffeic acid 59 #H&EA 3EE E2 =
E_]ﬂoﬂ 71—b 74 o= oLquq o]q_ 2 oq:[/_oﬂ)\i% z:ﬂ_/\}/\]
=9 DPPH % ABTS #}HZ 2755 45t 4t
S HrlelRA T, FE G427 2 HEaA dakEEA
Er Ao A 9] reactive oxygen species A7 &% 59 F7t
A7F g 2o = AEE

2 BHTRETF 2 427

v‘o‘i—*—iéﬂr geslE, R, U S8, 2Ae 7zt
, 5.1, 25, 23, 1.5%=Z 1[G #7144 EA4AH, Ca
(775 mg/100g), Mg (85.0mg/100g), Na (234mg/100g), K
(907.5mg/100 g), P (93.8mg/100g), Fe (14mg/100g), Zn (2.6
mg/100 g), Cu (06mg/100 g), Mn (2.9 mg/100 gy 3Heratar U

1= XARA
o} HEle] A% vitamin C (6.1 mg/100 g), vitamin B, (0.3

mg/100 g), vitamin B, (0.01 mg/100 g), nicotinic acid (3.1 mg/100
g7F SRt f21d 42 glucose 1.6%, fructose 2.2% 3L
% He B F FetRxo|= ke 747t 11544085 mg GAE/
g, 20.9+1.14mg QE/gS = UEINTE HPLC #4143 catechin
(9.140.27 mg/g), caffeic acid (4.1£0.57 mg/g), p-coumaric acid
(2.1£0.47 mg/g), chlorogenic acid (1.6+0.86 mg/g), gallic acid
(14+035 mg/g)’t £ ROz IRIFAUTE ALY FE2E
< DPPH % ABTS U 2ASE S B ol FE5& &
el %*Pﬁ}"é%:’—ﬂl 71R1g Ao g AdEdr} £ Agelxs
AR 3524 AR, 7718, HgW, & s 2 5
gt ol= B, o dEA seke B AisEdS Bk
AERA e AA75HE
7] faxs AlE B sERdore] nt
F71d A77F F7kEolop & Zlos AlsE

[ ;8 mln r.?& o

B
° g
5%
)
N
_|>4 ]
i
o

FEE A 123

References

AOAC. Official Methods of Analysis of AOAC Intl. 14th ed.
Method 879. Association of Official Analytical chemists, Wash-
ington, DC, USA (1984)

AOAC. Official Methods of Analysis of AOAC Intl. 15th ed.
Method 788. Association of Official Analytical chemists, Wash-
ington, DC, USA (1990)

Azuma K, Nakayma M, Koshioka M, Ippoushi K, Yamaguchi Y,
Kohata K, Yamaguchi Y, Ito H, Higashio H. Phenolic antioxi-
dants from the leaves of Corchorus olitorius L. J. Agric. Food
Chem. 47: 3963-3966 (1999)

Block G, Langseth L. Antioxidant vitamins and disease prevention.
Food Technol. 48: 80-84 (1994)

Chu YH, Chang CL, Hsu HF. Flavonoid content of several vegeta-
bles and their antioxidant activity. J. Sci. Food Agric. 80: 561-
566 (2000)

Debbache-Benaida N, Atmani-Kilani D, Schini-Keirth VB, Djebbli
N. Pharmacological potential of Populus nigra extract as antioxi-
dant, anti-inflammatory, cardiovascular and hepatoprotective
agent. Asian Pac. J. Trop Biomed. 3: 697-704 (2013)

Enzmann JW, Goodrich RD, Meiske JC. Chemical composition and
nutritive value of poplar bark. J. Anim. Sci. 29: 653-660 (1969)

Escher P, Eiblmeier M, Hetzger I, Rennenberg H. Seasonal and spa-
tial variation of carbohydrates in mistletoes (Viscum album) and
the xylem sap of its hosts (Populus euamericana and Abies alba).
Physiol. Plant. 120: 212-219 (2004)

Formica JV, Regelson W. Review of the biology of quercetin and
related bioflavonoids. Food Chem. Toxicol. 33: 1061-1080 (1995)

Gutfinger T. Polyphenols in olive oils. J. Am. Oil Chem. Soc. 58:
966-968 (1981)

Gutteridge JMC, Halliwell B. Antioxidants in nutrition, health, and
disease. Oxford university press, Oxford, UK. pp. 1-62 (1994)

Halliwell BH, Gutteridge JMC, Arouoma OI The deoxyribose
method: simple “test-tube” assay for determination of rate con-
stants for reactions of hydroxyl radicals. Anal. Biochem. 165:
215-219 (1987)

Hertog MGL, Feskens EJM, Hollman PCH, Katan MB, Kromhouut
D. Dietary antioxidant flavonoids and risk of coronary heart dis-
ease: the Zutphen Elderly Study. Lancet 342: 1007-1011 (1993)

Hertog MGL, Hollman PCH. Potential health effects of the dietary
flavonol quercetin. Eur. J. Clin. Nutr. 50: 63-71 (1996)

Hollman PCH, Trijp JMP, Buysman MNCP, Gaag MS, Mengelers
MIB, Vries JHM, Katan MB. Related bioavailability of the anti-
oxidant flavonoid quercetin from various foods in man. FEBS
Letters 418: 152-156 (1997)

Igwemmar NC, Kolawole SA, Imran IA. Effect of heating on vita-
min C content of some selected vegetables. Int. J. Sci. Technol.
Res. 2: 209-212 (2013)

Kawasaki M, Kanomata T, Yoshimata K. Flavonoids in the leaves of
twenty-eight polygonaceous plants. Bot. Mag. Tokyo 99: 63-74
(1986)

Kim MH. Antioxidant activity and anti-inflammatory effects of Salix
Koreensis Andersson branches extracts. J. Korean Soc. Food Cult.
33:104-111 (2018)

Korea Food and Drug Adiministration. Food Standard Cordex.
Method 396-398. Korean Foods Industry Association, Cheongju,
Korea (2006)

Laranjiinha J, Almeida L, Maderia V. Reduction of ferrylmyoglobin
by dietary phenolic acid derivatives of cinnamic acid. Free Radi-
cal Bio. Med. 19: 329-337 (1995)

Lee CH, Park JH, Ahn JH, Kim JD, Cho JH, Lee TK, Won MH.
Stronger antioxidant enzyme immunoreactivity of Populus tomen-
tiglandulosa extract than ascorbic acid in rat liver and kidney.
Iran. J. Basic Med. Sci. 22: 963-967 (2019)

Lee TK, Park JH, Ahn JH, Kim H, Song M, Lee JC, Kim JD, Jeon
YH, Choi JH, Lee CH, Hwang IK, Yan BC, Won MH, Kang 1J.
Pretreatment of Populus tomentiglandulosa protects hippocampal
CAl pyramidal neurons from ischemia-reperfusion injury in ger-
bils via increasing SODs expressions and maintaining BDNF and
IGF-I expressions. Chin. J. Nat. Medicines 17: 424-434 (2019)

Malik MN, Fenko MD, Shiekh AM, Wisniewski HM. Isolation of a-



124 =2 E 35k x] A 52 WA 2 & (2020)

tocopherol (vitamin E) from garlic J. Agric. Food Chem. 45:
817-819 (1997)

Middleton EJ, Kandaswami C, Theoharides TC. The effects of plant
flavonoids on mammalian cell: Implications for Inflammation,
Heart Disease, and Cancer. Pharmacol. Rev. 52: 673-751 (2000)

Miean KH, Mohamed S. Flavonoid (myricetin, quercetin, kaempferol,
luteolin, and apigenin) content of edible tropical plant. J. Agric.
Food Chem. 49: 3106-3112 (2001)

Moreno MIN, Isla MI, Sampietro AR, Vattuone MA. Comparison of
the free radical-scavenging activity of propolis from several
regions of Argentina. J. Ethnopharmacol. 71: 109-114 (2000)

Ness AR, Powles JW. Fruit and vegetables, and cardiovascular dis-
ease: a review. Int. J. Epidemiol. 26: 1-13 (1997)

Papadopoulos G, Boskou D. Antioxidant effect of natural phenols on
olive oil. J. Am. Oil Chem. Soc. 68: 669-671 (1991)

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans
C. Antioxidant activity applying an improved ABTS radical cat-
ion decolorization assay. Free Radic. Biol. Med. 26:1231-1237
(1999)

Richmond ML, Brandao SCC, Gray JI, Markakis P, Stine CM. Anal-
ysis of simple sugar and sorbitol in fruit by HPLC. J. Agric.
Food Chem. 29: 4-7 (1981)

Serdula MK, Byers MAH, Simoes E, Mendlein J.M, Coates RJ. The
association between fruits and vegetable intake and chronic dis-
ease risk factors. Epidemiol. 7: 161-165 (1996)

Sim WS, Lee JS, Lee S, Choi SI, Cho BY, Choi SH, Han X, Jang
GW, Kwon HY, Choi YE, Kim JY, Kim JD, Lee OH. Antioxi-
dant effect of extracts from 9 species of forest plants in Korea. J.
Food Hyg. Saf. 34: 404-411 (2019)

Simard F, Legault J, Lavoie S, Pichette A. Balsacones D-I, dihydro-
cinnamoyl! flavans from Populus balsamifera buds. Phytochemis-
try 100: 141-149 (2014)

Xu X, Wang HJ, Murphy PA, Cook L, Hendrich S. Daidzein is a
more bioavailable soymilk isolflavone than is genistein in adult
women. J. Nutr. 124: 825-8332 (1994)

Yan X, Suzuki M, Ohnishi-Kameyama M, Sada Y, Nakanishi T,
Nagata T. Extraction and identification of antioxidants in roots of
yacon (Smallanthus sonchifolius). J. Agric. Food Chem. 47: 4711-
4713 (1999)

Zhang X, Thuong PT, Min BS, Ngoc TM, Hung TM, Lee IS, Na
MK, Seong YH, Song KS, Bae KH. Phenolic glycosides with
antioxidant activity from the stem bark of Populus davidiana. J.
Nat. Prod. 69: 1370-1373 (2006)



